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PREFACE T O T HE FIRST EDIT IO N.

HE rapid grow th o f electrical sc ience , and the almos t dai ly addi tion to it of new

words, terms and phrases , co ined
,
as they too frequen tly are

,
in ignorance of

those already ex is ting , have led to the produc tion of an electrica l vocabu lary that is
al ready bew ildering in i ts exten t. T h is mult ipl ic ity of words is extremely d iscourag
ing to the studen t, and ac ts as a serious obstac le to a genera l d isseminat ion of elec

trical know ledge, for the fol low ing reason s

1 . Because, in genera l , these new terms are not to be found even in the unabridged

edi tions of d ict iona ries.

2. T he books or magazines, in which they were fi rs t proposed, are e i ther inac
cess ible to the ord inary reader

,
or

,
i f access ible, are o ften wri tten in phraseo logy un

in tel ligible except to the expert.

3 . T he same terms are used by di fferent writers in con fl icting senses .

4 . T he same terms are used w i th en tirely d ifferen t mean ings.

5 . Nearly a l l the exp lana t ions in the techn ical dic tionaries are extremely brief as

regards the words, terms and phrases of the rapid ly growing and comparatively new

science of elec tric i ty.

In thi s era of extended newspaper and periodica l publ ication ,
n ew words are often

CoIned
,
a l though o thers

,
already in ex is tence, are far better suited to express the s ame

ideas. T he new terms are used for a whi le and then abandoned ; or, i f retained,
having been imperfectly defi ned , their exac t mean ing is capab le of no l i ttle ambigu i ty ;
and, subsequen tly, they are often un fortunately adop ted by differen t wri ters wi th such

vary ing shades of meaning, that i t is diffi cu l t to unders tand their true and exac t

Sign ificance.

T hen again ,
o ld terms buried away many decades ago and long s ince forgotten ,

are

dug up and p resen ted in such new garb tha t their crea tors would most certa i n ly fai l
to recogn ize them.

It has been wi th a hope of remov ing these diffi cul ties to some exten t that the author
has ven tured to presen t this Dict ionary o f Elec trical Words

,
T erms and Phrases to h is

bro ther electric ians and the publ ic genera l ly .

He trusts tha t . th is d ic tionary w il l be of use to electric ians
,
not on ly by show ing the

wonderful ex ten t and richness of the vocabulary O f the science, bu t a lso by giv ingr the

general consensus o f opin ion as to the s ign ificance of i ts d ifferen t words , terms or

phrases . It is , however, to the general public, to whom i t is not on ly a matter of

in terest but a lso one of n ecessity to ful ly understand the e xact mean ing of electrical

l i terature
,
that the au thor bel ieves the book w i l l be o f the grea tes t value.

In order to leave no doubt concern ing the prec ise mean ing of the words , terms and

phrases thus defined . the fo l low ing p lan has been adop ted of giving

( I . ) Aconc ise defi n i t ion o f the word, term or phrase.

( z . ) A brief s tatemen t O f the princ ip les of the sc ience in vol ved in the defin i tion .



Where possible and advisable, a cut o f the ap para tus described or emp loyed
in connec tion wi th the word, term or phrase defined.

It w i ll be not iced that the second i tem of the plan makes the D ic tionary ap

p roach to some ex ten t the nature O f an Encyclopedia . It d iffers , however, from

an Encyclopedia in i ts Scope, as wel l as in the fac t that i ts defini tions in a l l cases

are concise.

Considerable labor has been expended in the col lec t ion of the vocabulary, for
which purpose electrical l i terature generally has been ex p lored: In the alphabetica l

arrangemen t of the terms and phrases defined , much perplexity has arisen as to the

proper ca tch-word under wh ich to p lace them. It is be l ieved that part of the

di ffi cul ty in this respect has been avoided by the free use of cross references .

In eluc idating the exact mean ing of terms by a brief s tatement of the princ iples

of the science involved therein , the au thor has freely referred to s tandard tex tbooks on

elec tric i ty , and to period ical l i terature genera l ly. He is espec ial ly indebted to works
or treatises by the fol low ing authors , v iz . : S. P. T hompson ,

Larden
,
Cumming,

Hering, Prescott , Ayrton ,
Ay rton and Perry

,
Pope, Lockwood, Sir Wi l l iam T hom

son, Fleming, M artin and Wetz ler
, Preece, Preece and Sivewright, Forbes , M ax

wel l , De Wattevi lle, J . T . Sprague, Culley
,
M ascart and Joubert

,
Schwendler

,

Fon ta ine ,
Noad, Smee, Depretz , De la Rive ,

Harris
,
Frank l in

, Caval lo
,
Grove

,

Hare, Dan iel]
,
Faraday and very many o thers.

T he au thor offers his Dic tionary to his fellow electricians as a starting poin t on ly.

He does not doubt tha t h is book w il l be found to conta in many inaccuracies, amb ig
uous sta temen ts , and possibly doubtful defin i tions. Pioneer work of this character

must, almos t of necessi ty , be marked by i ncomp leteness. He
,
therefore, inv i tes

the friendly c ri ticisms of elec tric ians general ly, as to errors of omiss ion and comm is

s ion ,
hoping in this way to be able final ly to c rys tal l ize a complete vocabulary of

e lec trical words
,
terms and phrases.

The author desires in conclusion to acknowledge his indebtedness to h is friends,
M r. Carl Hering, M r. Joseph Wetz ler and M r. T . C. M art in

,
for crit ical ex am i

n ation of the proof sheets ; to Dr. G. G. Faught for examina tion of the proofs O f

the parts relat ing to the medical app l ica t ions of electrici ty, and to M r. C . E. Stump
for valuable a id in the i l lustration of the book ; also to M r. Geo rge D . Fow le

,

Engineer of Signals of the Pennsyl van ia Rai lroad Company, for Informa t ion concern

ing their System of B lock Signal ing, and to many others .

EDWIN J. HOUST ON.

CENTRAL HxGH SCHOO L
, PHILADELPHIA, PA. ,

SEPT EM BER
, 1889.



PREFACE T O THE SECO ND ED IT IO N.

HE fi rst edit ion of the D ic tionary of Elec trica l Words
, T erms and Phrases met

wi th so favorab le a recep tion that the entire i ssue was soon exhausted.

Al though but a comparatively short time has elapsed since i ts pub licat ion ,
electrica l

progress has been so marked
,
and so many new words

,
terms and phrases have been

in troduced in to the electrica l nomenclature, tha t the prepara tion of a new edi tion has
been determined

’

on rather than a mere reprin t from the O ld p la tes.

T he wonderful growth of electrical sc ience may be j udged from the fact that the

presen t work con tain s more than doub le the ma tter and abou t twice the number of

defin i tions that appeared in the earl ier work. Al though some of this increase has

been due to words which should have been in the firs t edi tion , yet in greater part i t

has resu l ted from an ac tual mul tip l ica tion of the words used in elec trical l i terature.

T o a certain ex ten t th is increase has been warranted ei ther by new applications of

elec tric i ty or by the d iscovery o f new principles of the sc ience. In some cases
,
how

ever, new words, terms orphrases have been introduced notwithstanding the fact that

o ther words, terms or phrases were already in general use to ex press the same ideas.

T he charac ter of the work is necessari ly encyc lopedic . T he defin i tions are given

in the most conc ise language. In order, however, to render these defin i t ions intel

l igible, considerable explanatory ma tter has been added.

T he Dictionary has been prac tica l ly rewri tten ,
and is now

,
in real i ty

,
a new book

based on the general l ines of the old book, but considerably changed as to order of

arrangemen t and, to some exten t, as to method of treatmen t.

As expressed in its preface, the au thor apprec ia tes the fact that the ea rlier book

was ten tative and incomplete. T hough the wide scope O f the second edi tion
,
the

vast number of deta i ls inc luded therein ,
and the cont inued growth of the electrical

vocabulary must also necessari ly make this ed ition incomplete, yet the au thor ven tures

to hope that i t is less incomp lete than the firs t edi tion . He again asks kind ly cri ti

c isms to a id him in making any subsequen t ed i tion more nearly what a dic tionary of

so important a sc ience should be.

T he order of arrangement in the first edi tion has been con siderably changed. T he

in itial letter under wh ich the term or phrase is defined i s in a l l cases tha t of the noun .

For example,
“ Elec tric Light i s defined under the term Light,

'

Elec tric

Diameter O f Commu tation under “ Commu tation
,
Diameter o f “Al ter

na ting Curren t Dynamo-Electric M ach ine
”

under “ M achine
, Dynamo-Elec tric ,

Al ternating Current As before , the book has numerous c ross references .

Although the arrangement of the words , terms and phrases under the in i tial le tter
of the fi rst word, term or phrase, as, for examp le, Electric Light

”

under the letter E
,

migh t possess some advan tages, yet, in the opinion of the author, the educational value



o f the work woul d be thereby considerably decreased, since to a great extent such an

arrangemen t would bring together incongruous portions o f the sc ience.

Frequent cross references render i t poss ible to use the Dictionary as a text-book in

c onnec tion w i th lec tures in col leges and un iversi ties. Wi th such a book the s tudent need

make notes on ly of the words , terms or phrases used, and afterwards, by the use of the

defin itions and ex p lanatory matter connected therewi th, work up the general subject

mat ter of the lec ture. T he author has successful ly used this method in his teaching.

In order to separa te the defin i tions from the descriptive matter, two s izes O f type
have been used

,
the defini tions be ing placed in the larger sized type.

In the descriptive matter the au thor has not hesitated to quote freely from s tandard

electrical works, elec trical magaz ines, and periodical l itera ture genera l ly. Among the

numerous works consul ted ,
bes ides those to which reference has already been made

in the preface to the firs t ed ition, he desires to acknowledge his indeb tedness espe

c ial ly to
“ T heAl ternating Curren t T ransformer, by J . A. Fleming to various w orks

O f JO hn W. Urquhart ; to
“ M odern Views of Elec tric ity

,

”

by Prof. O . J . Lodge ; to
“ AT ex t-book of Human Phys iology,

”

by Lando is Sterl ing ; and to
“ Practical

Appl ication o f Electric ity in M edicine and Surgery ,
”

by Liebig Rohe.

T he cuts or d iagrams used in the book have either been drawn especial ly for the
work or have been taken from standard electrical publications .

T he chart O f s tandard elec trica l symbols and diagrams has been taken from Prof.

F. B . Crocker
’

s paper on that subject.

T he defini tion of terms used in systems of electric railways have been taken

mainly from a paper on Standards in Electric Rai lway Prac tice, by O . T . Crosby.

T he author des ires espec ial ly to express his O bl igat ions to Prof. F. B . Crocker O f

the Elec trical Engineering Departmen t, Columbia Col lege, New York, and to Carl

Hering ,
o f

i

Philadel phia, for cri tical examination o f the en tire manuscr ipt and for many
valuab le suggestions also to T i mElec/r z

'

ca l War/a7 and the Electr zba l Eng ineer of New
York

,
and to Prof. El ihu T homson ,

Edward Caldwel l
, T . C. M a rt in

, Dr. Louis Bel l ,
Joseph We tzler, Nikola T esla , Wm. H. Wahl

, Prof. Wm. D. M arks
,
Prof. A. E.

Dolbear
, C. W. Pike, John Hosk in ,

and numerous others
,
for a id in connec tion w i th

new words or phrases. So far as they rela te to the medical appl ications of e lec tric i ty,
the proof sheets were revised by Dr. G. G. Faught , of Phi ladel phia .

T he au thor des ires to thank cri tics of the first edi tion and the electrical fra tern ity in
general for valuable sugges tions. He p resents this second edi tion O f h is Dic tionary in the
hope that It may to some ex tent properly represent the vocabulary of electrica l sc ience.

CENTRAL HIGH SCHO O L, EDWIN J . HOUSTON.

PHtLADELPHIA
,
M ay , 1892.



A D I C T I O NA R Y

ELECT RICAL

WO RDS,
T ERM S

A. orAIL—Ah abbreviat ion somet imes used
in med ical electricity for anode. (SeeAnode.)

A. C. C. An abbreviation used in med ical
e lec tric ity for Anod ic Closure Contrac tion .

(See Con tr a ct ion , Anod i c Closur e.)
A. D. C.

—An abbrev iation used in medical
e lectricity for Anod ic Dura tion Con tract ion .

(See Contra ct ion , Anoa
'

i e D ur a t i on .)

A. O . C.
—Ah abbrev ia tion used in medical

e lec tricity for Anod ic O pen ing Con traction .

(See Con tr a ct ion , Anoa’i e Open i ng .)
Absci ssa of Recti l i near Co-ordi nates. -A

l ine or d is tance cut off a long ax is of absc issas .

T he abscissa of the poin t D ,
Fig . I , on the curve

0 D R, is the distance D x, or i ts equa l A2
,

m easured or cut O ff on the line AC , the axis of
a bscissas ; or , briefly , A2

, i s the abscissa Of the
poin t D .

Absc i ssas, Ax i s of —O ne Of the

a xes of co-ordina tes used for determining the

pos ition of poin ts on a curved l ine.

Thus the posi tion of
B

the poin t D ,
Fig . I , on

the cur ved line 0 D R,

i s determined by the per

p endicular dis tances , D I 1
a nd D 2, of such po in t
from two s traight lines ,
AB and AC , cal led the
a x es of eo-ordina tes . AC ,

C

i s ca ll ed the ax i s of ab
Fig J . Ax es o/ Co-ord i na tes .

s ci ssor, andAB , the ax i s of ordina tes . T he poin t

AND PHRASES.

A, w here the lines are considered as s tarti ng or

originating, is ca lled thepoi nt qf or igi n , or , gen

eral ly , the or igi n .

T he use of co-ordinates w as first in troduced by
the famous ma thema tic ian , Des C ar tes .

Absol ute—Comp lete in itself.
T he terms absolute and rela tive are used in

electrici ty in the same sense as ordinari ly .

Thus , a ga lvanometer is sa id to be ca l ibra ted
absol u tely when the exact curren t strengths re

quired to produce given deflecti ons are known
or , in other words , when the absolute curren t
s trengths are known ; i t is sa id to be ca librated
rela t iv ely when on ly the r ela tiv e curren t strengths
requ ired to produce given deflections are known .

T he word absolute, as applied to the un its em
ployed in electrica l measuremen ts , was in troduced
by Gauss to indicate the fact tha t the values o f

such un its are independen t both of the size of the

instrumen t employed and of the va lue Of gravity at
the particula r place where the ins trumen t is
used .

T he word absolute is also used w i th reference
to the fact tha t the va lues Of the un i ts Could
readily be redetermined from wel l known con

stants
,
in case of the loss of the standards .

T he absolute un i ts of lengtlz, ma ss , and t ime

are more properly ca lled the C . G . S. un its , or
the cen t imetreg r amme-second uni ts . (See Un i ts ,
Absol ute. )
An absolute sys tem of un its based on themi l l i

gr amme, mi l l imetr e, and second, was proposed by
Weber , and was ca lled the mi l l imetr e mi l l i

gramme-s econd uni ts . It has been replaced by



Abs ]

the C . G . S. uni ts . (See Un i ts , Cen t imetre

Gr amme Second . Uni ts , Fundamen ta l . )

Absol ute B lock System for Rai l roads.

(See B lock Sy stem f or Ra i lr oads , Absolute .)

Absol ute Cal ibration .
—(See Ca l ibr a t i on ,

Absolu te.)

Absol ute El ectrometer .
—(See Electrozn e

ter , Absolute.)

Absol ute Gal vanometer .
—(See Ga lv a

nonzeter , Absolute.)

Absol ute Un i t of Current—(See Cur r en t ,
Absolute Un i t of .)

Absol ute Un i t of El ectromot i ve Force.

(See For ce, E lectromot i
'

z/e, Absolute Un i t

Absolute Un i t of Inductance—(See 1 n
ducta nce, Absolute Un i t of .)

Absol ute Un i t of Resi stance—(See Re

s i sta nce, Absolute Un i t of .)

Absol ute Un i t of Sel f-Induction .
—(See

I nduct i on , Self , Absolute Un i t of .)

Absol ute Un i ts—(See Un i ts , Absolute.)

Absol ute Vacuum—(See Va cuum, Ab
solute.)

Absorpt ion—T he taking , or, l itera lly ,
drinking in , of one form of matter by another ,
such as a gas , vapor or l iquid by a sol id ; or
of the energy of sound , l ight , heat , or elec

tric ity by ordinary matter.

Absorption, Acoust ic —T he taking
in of the energy of sound waves produced by
one sound ing or v ibra ting body by another
vibra ting body.

Acous ti c absorption may result in the dissipa
ti on of the absorbed energy , a s hea t, or in sym

patheti c vibra tions. (See Vibr a t ions , Sy mpa t/zeti c. )
Absorpt ion , El ectr ic —T he appar

ent soaking of an elec tric charge into the

glass or other sol id dielectric of a Leyden jar
or condenser. (See Condenser .)
T he capac ity of a conden ser varies w ith the

acts as i f it soaked in to the solid dielec tr ic , and
this is th e cause of the res idua l sba rge. (See
Cha rge, Res idua l . ) Therefore , when the con

O O O O O O O O O O O O O O

0 0 0 0 0 0 0 0 0 0

(Ace.

denser is discharged, less electr icity appears than:
was passed in ; hence the term electr i c absorp ti on .

Absorpt ion , Lumi nous —T he ab

sorption of the energy of l ight in its passage .

through bodies .

When sun light falls on an opaque colored body ,
such for example a s a red body , al l the colors but .

the reds are absorbed . T he reds are then thrown
O ff and thus cause the color . In the samemanner ,

w hen sun light fa lls on a t ransparen t colored body,
such for example as red , al l colors bu t the reds are
absorbed, and the reds are tran smi tted .

When sun light fa l ls on a phosphorescen t body,
a part of the light i s absorbed as hea t ; another
part i s absorbed by the molecules be ing set in to
motion sufficien tly rapid to cause them to emi t .

light or to become luminous .

Amass of glow ing gas or vapor absorbs waves
of light of the same length as those i t i tsel f emi ts .

This is the cause of the dark lines of the solar ‘

spectrum ,
ca lled the Fraunhoffer l ines .

T he amoun t of l ight absorbed by the glass globe
“

of an incandescen t lamp , according to Urquhart,
is as follow s , v iz

C lear glass
Ground glass
O palescen t glass

Absorpt ion , Sel ect i ve —T he absorp
tion of a particu lar or selec ted charac ter of
waves of sound , l ight , heat , or elec tric i ty.

Absorpt ion , Thermal —T he ah

sorption of hea t energy in its passage through
a body.

T he phenomena of therma l absorption are

s imilar to those of luminou s absorption . A sub

s tance tha t i s transparen t to hea t
,
or which a llows .

hea t waves to pass through w ithou t absorption ,

is called dz
'

a tbermanous , or dia tberman i c, or

i s sa id to be tr anspa ren t to bea t .

Absor pt i ve Power .
-(See Pow er , Absorp

t i 'oe.)

Accel erat ion .
—T he ra te of change of

veloc i ty .

Acceleration is thus distingui shed from velocity
velocity expresses in time the rate-of-change of

posi tion , as a velocity of three metres per second
accelera tion expresses in time the ra te-O f-change
of velocity , as an accelera tion Of one cen timetre
per second .

Since al l matter is inert, and cannot change i ts



Acc.]

condition of rest or motion w i thout the applica
tion of some force, acceleration i s necessarily due
to some force outside the ma tter i ts e lf. A force
may therefore be measur ed by the acceleration i t
impar ts to a given mass ofmatter.

Accelera tion i s pos i t ivewhen the velocity is in
cr easing , and nega t ive when i t i s decr ea s i ng .

Accel eration , Dimensions of —T he
va lue of the accelera t ion expressed in terms

of the length or Of d is tance by the t ime. (See

Acceler a t i on , Un i t of .)

Accel eration , Un i t of —Tha t ao
celera tion which w ill give to a body un i t
veloci ty in un i t-time ; as , for example, one

cen t imetre-per-second in one second .

Bodies fall ing freely in a vacuum, and ap

proxima tely so ia a ir , acqu ire an acce lera tion
which in Paris or London ,

a t the end of a second ,

amoun ts to about 98! cen timetres per second , or
near ly ft . per second .

V

T
9

Tbe a cceler a t i on equa l s t/ze v eloci ty di v ided by

fi re t ime.

But, since veloc ity equa ls the D is ta nce or the

or , in other words,

Length traversed in a Un i t Of Time
,
V 2 1

Therefore, A H H

Tbe accelera t ion equa l s t/ze l engt li , or the d is

tance passed through , div ided by M e squa r e of tbc

t ime in seconds .

These formulae represent the D imen s i on s of
Acceler a tion .

Accumul ated El ectr ici ty.
—(See E lectr i

ci ty , Accumul a ted .)

Accumu l at ing El ectr ici ty.
—(See Electr i

c i ty , Accumula t i ng .)

Accumul at ion of El ectr i ci ty .
—(See E lec

tr i ci ty , Accumul a t i on of .)
Accumul ator .

-Aword somet imes app lied
to any appara tus in which the s trength of a

curren t is increased by the mot ion pas t it of a
conductor, the curren ts produced in w h ich
tend to s trengt hen and increase the curren t
which causes the induct ion .

F A F

Fig . 2 . B a r low
'

s W/zeel .

[Acc.

T he word accumula tor is sometimes applied to
Sir Wm. Thomson’s E lectr ic Curren t Accumu
l a tor .

Current accumulators opera te on the reac tion
pr inciple of dynamo-electric machines . In this .

sense , therefore, a dynamo-electric machine i s an

accumulator . (See M a chine, Dy namo.E l ectr i c,

Rea ction Pr incip le of .)

The copper disc D ,
Fig . 2

, has freedom of

rota tion ,
on a hor izonta l axis at O ,

in a magnetic
fi eld

,
the lines of force of which , represented by

the dotted lines in the draw ing, pass downw ard
pe rpendicu larly in to the plane of the paper .

If
,
now , a curren t from any source be passed

in the directionA, O ,
B

,
C , A,

through the circuit
A, O ,

B
, C , A,

which is provided w i th spring
contacts a t O ,

and A, the disc w ill rota te in the

direction of the curved arrow . This motion is

due to the cur ren t acting on tha t pa rt Of the disc
which lies between the two contacts—Aand O .

This apparatus i s known as B a r low
‘

s W/zeel .
If, when no curren t is passing through the

circu it, the disc be turned in the direction of the

arrow , a curren t is set up in such a direction as

would Oppose the rota tion of the disc. (See

Law , Len z
’
s . )

If
,
however , the disc be turned in the opposi te

direction to tha t of the ar row , induction curren ts
w il l as before be produced in the c ircui t . As
this rotation of the disc tends to move the circu i t
0A

, towards the paral lel but oppos itely d irecte d
c ircui t B C , these two circui ts be ing para llel and
i n Oppos ite direc tion s tend to repel one another,
and there w il l thus be se t up induced curren ts
tha t tend to Oppose the motion of rotation

,
and

the curren t of the c ircuit w il l therefore increase
in s trength . (See Dy nami cs , E lectr a . ) Should
then a curren t be star ted in the circu i t, and the

original fi eld be removed , the induction w ill be
con tinued , and a curren t which , up to a certa in
exten t, increases or accumula tes, is mai nta ined in
the circui t dur ing rota tion Of the disc .

Barlow’
s Wheel , w hen used in this manner , i s

known as T lzoms’on ’
s El ectr i c Cur r en t Accumu

la tor .



Ace ] [Acc.

Accumul ator.
—Aword Often appl ied to

a Leyden jar or condenser, w hich permits the

gradual collec tion from an electric source of

a greater charge than it would otherw ise be

capab le of conta in ing .

Acondenser. (See Condenser .)

T he ability Of a source to accumula te an in .

c reased charge when connected to a condenser is
d ue to the increased capacity which a pla te or

other conductor acquires when placed near

another pla te or conductor . (See Condens er .

y” , Ley den . )

Accumul ator , Capaci ty of T he

c apac ity of a condenser, expressed in micro
farads . (See Condenser , Capa ci ty of .)

Accumul ator or Condenser ; Laws of Ac
cumul at ion of El ectr ici ty.

—Sir W . Snow

Harris , by the use of his Un it-Jar and Elec
t ric Thermometer, deduced the follow ing
law s for the accumula tion of electric ity , w h ich
w e quote from Noad’

s Studen t ’s Text-Book
o f Electricity,

”

revised by Preece

( I . )
“ Equa l quantities of elec tr ic ity are given

O ff at each revolution of the pla te Of an electrica l
machine to an uncbarged surf a ce, or to a surface
c/mrged to any degree of saturation.

”

“Acoated surface receives equa l quan tities
of electricity in equa l times ; and the number of

revolutions Of the pla te i s a fair measure of the

relati ve quan ti ties of electr ici ty , al l other things
rema in ing the same.

”

T he free action of an electr ica l accumula
t ion is es tima ted by the interv a l i t can break
through , and is d irectly propor ti onal to the quan
ti ty of electr icity .

”

The free ac ti on is inversely proporti onal
to the surface .

”

When the electricity and the surface are

increased in the s ame ra tio, the discharging in
terv al remains the same but i f

, as the electric ity
i s increased , the surface i s diminished , the d is
cha rging interva l is directly as the square O f the

quan tity of electr ic ity .

”

T he res is tance Of a ir to discharge i s as

the squa re Of the density directly.

According to some la ter inves tigati ons , the

sur face as well as on the area of the surface .

T he amoun t Of elec tri ca l charge depends on

sur face and l inear extension conjoin tly . There
exists in every plane surface wha t may be termed
an electr i ca l boundary , having an impor tant rela
tion to the grouping or di spos ition of the electr ic
particles in regard to each other and to surrounding
ma tter . This boundary in circles or g lobes is
represented by their circumferences . In plane
rectangular surfaces, i t is by their l inear extens ion
o r perimeter . If this bounda ry be cons tan t, their
electrical charge var ies w i th the squa r e r oot of
t ire surf ace. If the surf a ce be cons tant the charge
varies w i th the square root of the boundary .

“

If

the surface and boundary both vary , the charge
varies w i th the squa re root of the surf a ce mul ti

p l ied into tlze squa re r oot of the boundary .

”

These laws apply especia lly to continuous sur

faces taken as a w hole, and not to surfaces divided
in to separa te parts .

By electrica l charge Harris mea n t the quantity
susta ined on a given surface under a given elec
trometer indi cation by electrica l in tensi ty , he
mean t the indica tion of the electrometer corre

sponding to a given quan tity on a g iven surface .

(See Condenser , Capaci ty of . Capa ci ty , E lec

trosta ti c . Capa ci ty , Specifi c Induct ive. )

Accumulators Of this charac ter a re now

generally ca lled Condensers . (For more modern
principles concern ing the ir constru ction and

capacity see Conden ser . Condenser
,
Capa ci ty of . )

Accumul ator , Secondary or Storage

Cel l Two inert p la tes partia lly sur

rounded by a fl uid incapab le of ac ting chem
ical ly on e ither of them un t il after the passage
of an electric curren t , w hen they become

capable of furnish ing an independent elec tric
curren t .

This use of the term accumula tor is the one

most common ly employed . A better term for

such a cel l i s a secondary or storage cell . (See

Cel l , Seconda r y or Stor age . )
Commercially , an accumulator con sists Of a

s ingle jar and i ts electrolyte , in which a s ing le
set of pos itive and nega tive pla tes is properly
placed .

Accumul ator , Water-Dropp i ng
An appara tus devised by SirW . T homson for

increas ing the difference of poten t ia l between
two electric charges .

T he tube X Y , Fig. 3 , connec ts w ith a reser

vo ir of wa ter which i s ma inta ined a t the zero
potentia l Of the earth . T he wa ter escapes from
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the Open ings at C and D
,
in sma ll drops and fa lls

on funnels provided , as shown ,
to receive the

separate drops and aga in discharge them.

T he vessels A, A
'

, and B ,

B
'

, which are electrica lly
c onnected as shown, a r e

ma inta ined at a cer ta in sma ll A
difference Of poten tia l , as

indicated by the respective
and signs .

Under these c i r c u m
zs tances , therefore , C and D ,

w il l be charged inductively F l ig ~ 3 ~ Wa fer -07 015

w ith charges Oppos i te to 15M g Accumu l a tor ‘

those of Aand B
,
or w ith and electr ici ties

r espec tively . As the drops of w a ter fa l l on the

funnels, the charges which th e funnels thus con

:s tan tly receive are given up to B
'

and A'

, before
the w ater escapes . Since , therefore, B , B

’

, and

A
, A

'

, are receiving con stan t charges , the differ
tence of poten tia l betw een them must con tinua lly
i ncrea se. This apparatus Operates on the same

pr inc iple as the replen isher . T he drops of wa ter
a ct as the carriers , and A, A

'

, and B , B
'

, as the

h ollow vesse ls . ( See Rep len i s/zer . )

Achromatic. Free from fa lse colora t ion .

Images formed by ordinary lenses do not p os

s ess the true colors of the object, un less the edges
of the lenses are cut off by the use of a diaphragm ;
i . e. , an Opaque pla te w ith a cen tra l circular
O pening. T he edges of the lenses disperse the
light like an ordina ry pr ism,

and so produce ra in
bow colored (pr isma tic) fr inges in the image .

T he use Of an achromatic lens i s to obvia te this
fa lse colora t ion .

Achromat i zable .
—~ Capab le Of being freed

from fa lse colora t ion .

Achromat ize.
—T o free from fa lse co lor

a tion .

Achromat izing .
—Freeing from fa lse Color

ation .

Aci d, Spent —Aba t tery ac id , or other
ac id , tha t has become too w eak for effi c ien t
ac t ion .

In a volta ic cel l the acid of the electrolyte
becomes Spen t by combin ing w i th the meta l ‘Of
the positive pla te .

Ac i dometer .
—A special form of hydrom

e ter used in determin ing the Spec ific grav ity
of the ac id l iqu id in a secondary or s torage

[Act.

cel l . (See Ar eometer or Hy drometer . Cel l ,
Stor ag e.)
T he sca le on the ac idometer tube i s made

.

to in

d ica te the dens ity according to the dis tance the
floa ting instrumen t sinks in the l iqu id .

Acl i n i c Li ne.
—(See L i ne, Acl i n i c .)

Acoust ic Absorption .
—(See Aosorp tz

'

on
,

Acoust i c .)

Acoust ic Engrav i ng —(See Engr a v i ng ,

Acoust i c .)

Acoust ic Tel eg rapl i y .
—(See Teleg r ap/zy ,

Acoust i c .)

Acoust ic T etanus—(See T eta n us , Acon s
t i c .)

Acoutemeter , El ectr ic —An ap

para tus for elec trica lly tes ting the del icacy of

hearing .

T heAcoutemeter i s one of the many applica
tion s of Hughes

’
sonometer . It con s ists of three

flat coils placed para llel to one another on a grad
uated rod , p ass ing through their axes . T he

centra l coil , which i s used as the pr imary of an

induction coil , is fixed . T he other two , which are
employed as secondary co ils , are movable . (See

Sono/notcr , Coi l
,
Induct ion . M i cro

p/zone. ) A microphone , electrica l tun ing fork ,
sw itches , plugs, and other accessories , are su itably
placed and connected . T he subjec t whose hear
i ng i s to be tes ted i s placed w ith his back to the

appara tus , and w ith two telephone receivers tightly
fi xed to h is ears . As var iou s sounds are produced ,

the outer or movable corl s a re moved gradua lly
aw ay from the centra l coi l , un til no sound i s
heard in the te lephone receivers. This dis tance
is in the inverse ratio of the delicacy of hear ing of

the individual .

Act in ic Photometer.
—(See P/totometer ,

Act i n i c .)

Act i n icRay .
-(See Ray , Act i n i c .)

Acti n i sm.
—T he chemica l effec ts of l ight ,

a s man ifes ted by the decompos ition of various
subs tances .

Under the influence of the sun
’
s light, the car

bonic ac id absorbed by the leaves of plan ts is de
composed in the living leaves in to ca rbon ,

w hich is
reta ined by the plan t for the forma tion of i ts

woody fibre or ligneous tissue, and oxygen , w hich
i s thrown off .
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The bleaching of curtai ns , carpets , and other
fabrics exposed to sunlight is caused by the actin ic
power of the light . T he photographic

‘
picture i s

impressed by the ac tin ic power of light on a plate

covered w ith some sens itive meta llic sa lt.

Actinograph .
—An appara tus for measur

ing and recording the intens ity of the chemi
cal effec ts oi l ight .

Act i nography.
—T he method ofmeasuring

and recording the intens ity of the chemica l

effects of l ight .

Acti nometer.
—Aw ord sometimes applied

to a pyrheliometer. (See Py r /tetiometer .)

Acti nometer , El ectr ic —An appa
ra tus for electrica lly measuring the in tens ity
of the chemica lly act ive rays presen t in any

luminous radia t ion .

T he rays from the luminous source are per

w i tted to fa ll on a se len ium res istance, and their
in tensity determ ined by the change observed in
the res is tance as indica ted by the deflec tion s of a

ga lvanometer placed in c ircu it w ith the selen ium
res istance . O r , a thermO -electr ic pile is employed ,
and the amoun t of hea t present determined by the
indica tion s of a galvanome ter placed in i ts

c ircuit .

Acti on , Cataphor ic —T he ac tion
of elec tric osmose or ca taphores is . (See
Ca tap/zor eszls .)

Act ion Currents —(See C

Act ion , Induct i ve, Li nes of

Lines w i thin the space , separa t ing a charge
and a neighboring body , a long which elec

tros ta tic inductive ac tion takes p lace.

Lines of elec tros ta tic force .

Lines of inductive ac tion pass through the

dielec tric , separating the two bodies , and termi
na te on the surfaces of the conductor. According
to the now genera lly received notions , the e lec
trosta tic charge exists in themass of the dielectr ic ,
and not in tha t Of the conductor . T he l ines of

inductive action termina te aga in s t the surfaces ,
one at the pos itive, and the other a t the negative
sur face . A true E. M . F. exis ts in the space
traversed by l ines of inductive action . A con

ductor brought in to thi s space becomes electri

fled , or is stra ined in such a manner that a
momen tary current is produced by the rearrange

[Act .

ment of the elec trification brought abou t by”

elec trosta tic induction .

Act ion , Local , of Dynamo-El ectr i c M am

ch i ne T he loss of energy in a dy

namo-elec tric machine by the setting up of

eddy curren ts in its pole p ieces , cores , or
'

other conducting mas ses . (See Cur r ents ,

In a dynamo-elec tr ic machin e loca l action i s

obvia ted by a l amina t ion of tbcpol ep i eces , a r ena

tur e cor e, etc. (See Core, Lamina ti on of . )

Act ion , Local , of Vol tai c Cel l

An irregular dissolving or consumption of the

zinc or pos it ive elemen t of a vol ta ic ba ttery , by
the flu id or electrolyte, when the c ircui t is .

open or broken , a s w el l as w hen c losed , or in

regula r act ion .

Loca l action i s due
'

to sma ll particles of such

impurities as carbon ,
iron , arsen ic, or other

nega tive elemen ts , in the positive pla te . These
impur ities form w ith the pos itive elemen t minu te
volta ic couples , and thus direc t the corrosive
ac tion of the liquid to portions of the pla te near

them. Loca l action causes a w aste of energy .

It may be avoided by the ama lgama tion of the

zinc . (See Zi nc, Ama lgama tion of . )

Act ion , M agne
-Cry stal l ic -A term

proposed by Faraday to expres s d ifferences
in the ac tion of magnet ism on crys ta l l ine .

bodies in d ifferen t direc t ions .

Aneedle of tourma l ine
,
i f hung w i th i ts axis

hor izon tal , i s no longer paramagnetic , as usua l ,
but diamagnetic. T he same i s true Of a crysta l
Of bismuth . Faraday conc luded from these ex .

perimen ts that a force existed dis tin ct from ei ther
the paramagnetic or the diamagnetic force . He

ca lled this the magne -crj/s ta l l ic f or ce .

Plucker in fers from these phenomena tha t a
defi n ite rela tion exists be tween the u l t ima tef orm
of flu pa r t i cl es of ma tter and t/zei r magn et i c oe

lzaw
’

ar . T he subjec t may be regarded as y et

somew ha t Obscure . (See Pola r i ty , D iamagnet i c. )

Act ion of a Current on a M agnet i c Pol e.

—(See Cur r en t , Act i on of , on a M ag net i c

Pole.)

Action , Refresh i ng, of Current

T he res tora tion , a fter fa tigue , ofmuscular and

nervous excitab ility Ob ta ined by the ac t ion of



v ol ta ic al ternat ives . (SeeAl terna t i ves , Vol
l a i c.)

Acti vi ty.
—T he work done per second by

any agen t . (Th is term is but s eldom used .)
Work-per

-second , or, as general ly termed
in the Un i ted States , Power, or Ra te of

Doing Work. (See Pow er .)

Act i vi ty , Un i t Of —Ara te of work

ing tha t w ill perform one un it of w ork per

s econd .

In C . G . S. un its , the ac t ivity Of one erg per

s econd.

T he C . G . S. un i t of activity i s very sma ll .
O ne Wa tt

, the practica l un it of activi ty or power ,
i s equa l to ten million ergs per second . (See
‘Wa tt . )
T he un it of activity genera lly used for mechan

ica l power i s the horse-power , or 746 watts.
(See Hor se-Pow er . )

Actual Cautery .
—(See Ca nter], Actua l .)

AcuteAng l e.
—(See Ang le, Acute.)

Adapter.
—~Ascrew nozz le fi tted to an elec

t ric lamp , prov ided w ith a screw thread to eu
a ble it to be . readily p laced on a gas bracket
or chandel ier in place of an ordina ry gas
burner.

Adherence—T he qual ity or property of

a dhering . (See Acl lzes ion .)

Adherence, M agnet ic —Adhes ion be
tween surfaces due to magnet ic a ttract ion .

M agnetic adhesion has been applied , among
o ther things , to a brake ac tion on car wheels ,
e ither by causing

'

them to adhere directly to the

track or to a brake-block .

Adhesion—T he mutual a ttract ion w hich
ex is ts between un l ike molecules . (See At
t r a ct i on , M olecula r .)
T he phenomena of adhes ion are due to the

mutua l a ttraction of dissimilar molecules .

Adhesion , El ectr i c —Adhes ion be
tween surfaces due to the a t trac t ion of un l ike
e lectros tat ic charges .

M olecular adhes ion must be distinguished from
the attraction which causes a piece of dry and

w armed w r i ting paper, tha t has been rubbed by a
piece of india-rubber, to stick to a papered w al l .
In this latter case the a ttraction between the wa ll

and the paper i s due to the mutua l a ttrac tion Of
two diss imi lar electrosta tic charges . M olecular
adhes ion must a lso be disti nguished from the at

traction O f opposite magnetic poles .

Adhesion , GalvanOpl astic —T he ad

hes ion of a galvanoplas t ic depos it or coa ting
to surfaces subjected to electropla ting . (See
Pla t i ng , E lectr a.)

Adi at l i ermancy .
—O paci ty to hea t .

Asubstance i s sa id to be dza t/zermanous when
i t is transpa rent to hea t . C lear , colorless crys
ta ls of rock sa lt are very transpa ren t both to l ight
and to hea t. Rock sa lt, covered w i th a layer or
depos i t Of lampblack or soot, is qu i te transparen t
to heat. An adia thermanous body is one which
is opaque to heat .
Hea t transparency var ies not on ly w ith differ

en t substances , but a lso w i th the na ture of the

source from which the hea t is der ived. Thus , a
substance may be opaque to heat from a non

luminous source, such as a vessel fi lled w i th bo il
ing w ater , while i t i s compara tively transparen t
to hea t from a luminous source, such as an incan
descen t sol id or a volta ic arc .

Asimilar difference exis ts as regards transpar
ency to l ight . Acolorless glass w il l a l low l ight
of any '

color to pass through it . Ablue glass w i ll
a llow blue l ight to pass freely through it , but w i ll
completely preven t the passage of any red l ight ;
and so w ith other colors .

Ad iatherman ic.
—Possess ing the qua l ity of

adia thermancy . (SeeAd i a tnerma ncy .)
Adjustabl e Condenser .

-(See Condenser ,

Aaya staole.)

Adjuster , Cord A dev ice for ad

jus t ing the length of a pendant cord .

Adjustment .—Such a regula t ion of any

appara tus a s w il l enab le i t to properly perform
its func t ions .

E pinus
’
Condenser .

—(See Condenser ,

Aer i al Cabl e.
—(See Cuale, Aer i a l .)

Aer ial Cabl e, Suspend i ng Wi re of

(See Wi r e, Suspendzng , of Aer i a l Ca ble.)

Aer ial Li ne.
—(See L i ne, Aer i a l .)

Aerol i tes.—A name somet imes given to

meteorites .

M eteorites are masses of sol ids w hich pass



Am] 10 [Ago.

through the upper portions on ly of the earth’s

a tmosphere on thei r approach to the orbit of the

ea rth , or which fall through the air on the earth’s

sur face from the sky . They are luminous a t

night and are followed by a tra in of fire . T he

luminos i ty is due to hea t produced by fric tion
through the a ir . M eteors frequently burst from

the sudden expansion of their outer portions .

Some meteorites are composed of nearly pure

iron a lloyed w ith n ickel . T he majority of them,

however, are merely stones or oxidized sub

stances .
Their average veloc ity i s about 26 miles

a second .

Affi n i ty, Chemical —Atomic attrac

tion .

T he force w hich causes a toms to un i te and
form chemica l molecules .

Atomic or chemica l a ttraction genera lly resul ts
in a loss of the characteris tic qua lities or proper
ties which dis tinguish one kind of ma tter from
another . In this respec t chemica l affi n i ty d ifl

'

ers

from adlzes z
'

on , or the force which holds un like
molecules together . (SeeAa

’

lzes ion . Attr act ion ,

M olecula r . ) If, for example, s ulphur is mixed
wi th lampblack , no ma tter how in tima te the

mixture , the separate particles , when examined
by a magn ify ing glass , exhibit their pecul iar color ,
lustre , etc . If, however , the sulphur i s chemi
ca lly un ited w ith the carbon ,

a colorless , transpar
ent, mobile liquid , called carbon bisulphide, re
sul ts , that possesses a disagreeable, penetra ting
odor .

Chemical affi nity , or a tomic combina tion , i s in

fluenced by a variety of causes
,
v iz . :

( I . ) Cohes ion. Cohes ion , by binding the mole
cules more firmly together, opposes their mutua l
atomic a ttracti on .

Asol id rod of iron w il l not readily burn in the
flame of an ordinary lamp ; but, if the cohes ion be
overcome by reduc ing the iron rod to fi l ings , it
burns w ith bri ll iant sc in tillations when dropped
into the same flame. In this case the increa se of

surface and the increased tempera ture , of the
sma ller par ticles also contribute to the result.

Sol ut ion . Solution , by giving themolecules
grea ter freedom of motion

,
favors their chemica l

combination .

Hea t . Hea t sometimes favors atomic com
bina ti on possibly by dec reas ing the cohes ion , and ,

possibly , by a l tering the electrica l relations o f the
atoms . If too grea t, hea t may produce decom
posi tion . There is for most substances a critica l

temperature below which chemical combination
w i ll not take place . (See Tfiermoly s i s . )

n /zt . Decompos i tion ,
O r the lessening of

chemica l affin i ty , through the agency of l ight, is
ca lled Act in i sm. Light a lso causes the direc t
combina t ion of substances . Amixture of equa l
volumes of hydrogen and chlorine un ites ex plo
sively when exposed to the action of ful l sun light.
(See Act in i sm. )

E lectr i ci ty . An electr ic spark w ill cause
an explos ive combina tion of a mixture of oxygen
and hydrogen . Elec tric ity a lso produces chemi
ca l decompos ition . (See E l ectroly s i s . )
Helmholtz accoun ts for the elec tro-chemica l

a ttraction of oxygen for zinc by supposing tha t a l l
subs tances possess a definite amount of a ttraction
for electric ity , and tha t the a ttrac tion of zinc in
this respect exceeds that of copper and the other
meta ls . He thus regards the zinc as a ttrac ting
i ts electr ic charge ra ther than as attracting the

oxygen . Since both zinc and copper are dyad
meta ls, this view , as w ill be seen , is at variance
w ith la ter views .

Chemica l afli n ity may be caused by the opposite
a ttractions ofelec tri ca l charges na tura lly possessed
by the a toms of ma tter . This would a ppear to be
rendered probable by the law of electro chemica l
equivalence . (See Equiv a l en ce, E lectro-C/zemica t,
Law of . Electr i ci ty ,

Atom of . )

After Currents—(See Cur r en ts , Af ter .)

Ag i ng of Al cohol , El ectr i c (See
Alco/zol , E lectr i c Ag i ng of .)

Agonal .—Perta in ing to the agone . (See
Ag one.)
Agone.

—A l ine connect ing p laces on the

earth '

s surface w here the magnetic need le
poin ts to the true geograph ica l north .

T he l ine Of no dec lina t ion or varia tion of

a magnetic need le. (See Neea
’
le, M ag net i c ,

D ecl i na t i on of .)
As a l l the places on the earth where the mag

netic needle points to the true nor th may be ar

ranged on a few lines , i t w ill be understood tha t
the pointing of the magnetic need le to the true
geographica l nor th is the exception and not the

rule. In many places
,
however

,
the devia tion

from the true geograpica l nor th is so sma ll tha t
the direction of the needle may be regarded as

approximately due north.

Agon ic.
—Perta ining to the agone.
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Ai r-B l ast for Cpmmutators
—Ah inven

t ion of Prof. El ihu T homson to prevent the

injurious ac tion of des tructive flashing a t the

commuta tor of a dynamo-electric mach ine .

Athin ,
forc ible blast of a ir is del ivered through

su itable tubes at poin ts on the three-part commu

tator cylinder of the Thomson-Houston dynamo,
where the collecti ng brushes bear on i ts sur face .

T he effec t i s to blow out the are or prevent i ts for

mation and thus avoid i ts destructi ve action on

the commuta tor segmen ts . T he use of the a ir

blas t a lso permi ts the free applica tion of oi l , thus
fur ther avoiding wea r .

Fig . 4 . Ai r-B la st on Commute;

T he blas t-nozzles are shown a t B 3
, B

3
,
Fig. 4 ,

near the collec ting brushes .

T he a ir o supply is Obta ined from a blower at

tached directly to the sha ft of the machine . Its

cons truction and opera tion w il l be readily under
s tood from an in spection of Fig. 5 , in which the

top is removed for ready exam ina tion of the

in terior parts .

Ai r Churn i ng.
—(See C/zur n i ng , Ai r .)

Ai r Condenser .
—(See Condenser , Ai r .)

Ai r Fiel d—(See F i eld , Ai r .)

Ai r-Gap.
—(See Gap , Ai r .)

Ai r-Line Wi re.
—(See Wi r e, Ai r-L i ne.)

Ai r M agneti c Ci rcu i t.—(See Ci r cu i t , Ai r
M ag net i c .)

Ai r-Pump.
-(See Pump , Ai r .)

Ai r-Pump , Gei ssl er
’
s M ercur i al

(See Pump , Ai r , Gei ss ler
’

s M er cur i a l .)

1 1 [Al a.

—(See Pump ,

—(See Pump ,

Ai r-Pump, M echan ical
Ai r , M ec/za n i ca l .)

Ai r-Pump, M ercur i al

Ai r , M er cur i a l .)

Ai r-Pump, Sprengel
’
s M ercur i al

(See Pump , Ai r , Spr eng el
’

s M er cur i a l .)

Ai r-Space Cut O ut—(See Cut-O ut , Ai r
Spa ce.)

Al arm, B urg l ar Adev ice, genera lly
electric , for automa tica l ly announc ing the

Open ing of a door, w indow , c loset , draw er, or
sa fe, or the passage Of a person through a

ha l lway , or on a s ta irway.

Electr ic burglar-a larm devices genera lly cons i s t.
of mechan ism for the Operation of an automa tic
make-and-break be l l on the Open ing or c los ing of

an electr ic c ircu it. T he be ll may either continue
r inging on ly while the contact remains c losed , or,
may , by th e throw ing on of a loca l c ircui t or

ba ttery , con tinue r ing ing un til stopped by some
non-au toma tic device , such as a hand-sw itch.

T he a larm-bell is stationed either in the house
when occupied , or on the outs ide when the house
i s temporarily vaca ted , or may connect d irec tl y
w ith the neares t pol ice s ta tion .

Burglar-a larm appara tus is of a var iety o f

forms . Genera lly , devices are provided by mean s

of which , in case of house protection , an a nnunci

a tor show s the exac t part where an en trance has
been a ttempted . (See Annuncia tor , B urg l a r

Al a rm. ) Sw i tches are provided for disconnecting
al l or par ts of the house from the a larm when so

des ired , as w ell as to per
mit w indow s to be partly
ra ised for purposes of ven
tilation w ithout sounding
the a larm. Aclock i s fre
quently connected w ith the
a larm for the purpose of

automa tica lly disconnect
ing any por tion of the

house a t or for cer ta in ia
tervals of time .

Fig . 6 show s a
_
burglar Fig . 6 . B urg la r-Ala r nc

a larm with annunc iator
,

Am mflf ’bw’“

sw i tches , sw itch-key , cut-O ff , and clock .

Al arm, B urg l ar , Central-Stat ion

Aburglar-a larm, the con tac t poin ts of w hich
are p laced in the p laces to be protec ted , and
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connec ted by suitab le c ircuits w ith a larms

p laced in a central ly loca ted s tation .

In a system of cen tral-sta tion burglar-a larms , a

number of houses , factor ies , banks , etc . , are a l l

connec ted telegr aphi ca lly w i th the nearest police
s ta tion ,

or other cen tra l s tation ,
constantly pro

v ided w ith police ofli cers. Aser ies of con tacts are
placed on doors , w indow s , safes and money draw
ers , and conn ected w i th alarms and annunc iators
placed in the cen tra l s ta tion . An unauthori zed
en trance , therefore , i s automa tica lly te legraphed
to the cen tra l station and i ts exact loca tion indi
ca ted on the annunciator . Systems of cen tra l
sta tion fire-a larms are constructed on a s imilar
plan .

Al arm, El ectr ic —An automa t ic de
vice by which a ttent ion is ca l led to the occur

rence of certa in events , such as the open ing
of a door or w indow ; the s tepping of a person
on a ma t or s ta ircase ; the rise or fa ll of tem

perature beyond a g iven predetermined poin t ;
or, a device intended to ca l l a person to a tel

egraph ic or telephon ic ins trumen t .

Elec tr ic-a larms are opera ted by means of the

r inging of an elec tro-magnetic or mechan ical bell

7 . Electr i ca lly Sta rted M ech a n ica l Ala rm .

which is elec tr ical ly called in to action by e ither
c losing or opening an electric c ircuit

, genera
lly

the former .

’

E
l
ec
t
r
ic
-a la rms may be divided in to two clas ses,

v 12. :

( I . ) M echan ically Opera ted alarms , or those in

12

Fig . 8. Automa tic M a ke-a nd-B rea k .

[Ala.

w hi ch the alarm is given by c lock-work , s tar ted
by means of an electric curren t.

Those in which the a larm i s both set in ac

tion and opera ted by an electr ic curren t .
In Fig . 7 i s shown the genera l con struction of

an e lectr ically s ta rted mechan ica l a larm . T he

a ttraction of the arma ture B , by the e lec tro-mag
netA,

moves the arma ture lever pivoted a t C ,

and thus releases the ca tch e , and permi ts the
spring or we ight connected w i th the c lock move
men t to set i t in mot ion and s trike the bel l .
Electrica lly actua ted a la

‘

rmb el ls are genera lly
of the automatic make-and-break form.

’

T he

striking lever is Opera ted by the a ttraction of the

armature of an electro-magnet, and i s provided
w ith a contac t-poin t, so placed tha t w hen the

hammer i s drawn away from the bell , by the ac

tion of a spri ng, on the e lec tro-magnet losing i ts
magnetism, a con tact i s made, but when the ham .

mer i s d rawn tow ards the bel l the con tact is open
ed . When

,
therefore , the hammer str ikes the

hell , the c ircui t i s Opened
,
and the e lec tro-magne t

releases i ts arma ture , permi ttin g a spr ing to aga in
c lose the con tact by moving the str iking lever
away from the be ll . O nce set in to action ,

these
movemen ts are repea ted while there i s ba ttery
power suffi cien t to energize the magnet .
In Fig . 8

,
in w hich i s shown an e lectr ica lly ac

tua ted alarmb el l , the ba ttery termina ls are con

ected w ith the r ight and left hand binding-posts.
P and M . T he lzammer

, K, i s connec ted w i th a

striking l ev er , which forms par t of the c ircu i t ,
and which i s a ttached to the a rma tur e of the e lec
tro-magnet e . Ameta l lic spring , g , bears aga in st
the arma ture w hen the la tter is away from the

magnet, but does not touch the a rma tu re w hen
it i s moved towards the magn et . Asma l l spr ing
draw s the lever aw ay from the magnet w hen no

curren t i s p a ssing. T he movemen ts of the a rma



https://www.forgottenbooks.com/join


Al a ] 14 [Al l
‘

pos ing i t to the act ion of elec trica lly produced Type meta l ; Lead 80, An timony 20 parts .

ozone B rass , white ; Copper 65 , Zi nc 35 parts .

f 1
Brass , red ; Copper 90, Zinc 10 parts .

Instead Of the ord i nary process 0 ag i ng a CO .

Speculum meta l ; Copper 67, T in 33 parts .

hol , by expos ing i t in parti a lly c losed vessels to
h t ‘ of

Bell meta l ; Copper 78, T in 22 parts .

the ac ti on O i
.

a i r
,
It i s exposed to t e ac i on

Alumi n ium bronze ; Copper 90,
Alumin ium 10‘

ozone , elec tr i ca lly produced .

T he ozone employed is obta ined in substan
parts .

ti al ly the usua l way by the pa s < age of a rapid
success ion of electr ic sparks through a ir .

Al cohol , El ectr ic Rectifi cation of

Aprocess whereby the bad tas te and odor of
a lcohol , due to the presence of a ldehydes ,
are removed by the elec trica l convers ion of

the a ldehydes into true a lcohols through the

addition of hydrogen a toms .

An electric current sen t through the l iqu id
between zinc electrodes libera tes oxygen and hy

drogen from the decompos ition of the w ater .

T he nascent or a tomic hydrogen conver ts the
aldehydes in to a lcohol and depr ives the pro

ducts of their fus el oil
,
w hile the oxygen forms

insoluble zinc oxide .

Algebra ic Co-efli ci ent.—(See Co-efi cz
’

m t
,

A{g eor a t
'

o.)
Algebra ic Notat ion .

—(See Nota t i on , Al
g ebr a z

’

c.)

Al l-Night Arc Lamp .
—(See L amp , Al l

Nzgfi t Ar c .)

Al l-Night El ectr ic Lamp .
-(See Lawt ,

Al l-Nzgft t Ar t .)
Al lotropic.

—Perta in ing to a l lotropy . (See

Al l otrop ic State.
—(See Sta te, AZlotr op z

'

o) .

Al lotropy.
—A variation of the phys ica l

propert ies of an elemen tary subs tance w i th
out change of compos ition of its molecules .

(See Sta te, Al lotr opz
'

c .)
Al l oy.

—Acombina t ion , or mixture, of two
or more meta ll ic subs tances .

Alloys in mos t cases appear to be true chemi
ca l compounds . In a few instances, however ,
they may form simple mixtures .

T he compos ition of a few importan t a lloys is
here given :
Solder, plumber ’s ; T in 66 parts , Lead 34 par ts .

Pew ter , hard ; T in 92 parts , Lead 8parts .

B ri tann ia m eta l ; T in 100 parts, An timony 8
pa r ts , Coppe r 4 pa rts , B ismu th , I pa rt.

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Al loy.
—T o form a combina tion or mixture

oi two or more meta ll ic subs tances .

Al loy, German Si l ver An a lloy
emp loyed for the w ires of res is tance coils ,
cons is ting of 50 parts of copper, 25 of z inc , .

and 25 of n ickel .
German s i lver w ire i s sui table for resistance

co ils , because i ts res istance var ies but slightl y w ith ;

changes of tempera ture . It is cheaper than p lank
n umw i l 'oer a l loy ,

and i s therefore employed ex

tensively . Pla tinum si lver a lloy
,
however, has

more resistance for a given s ize o fw ire, and i ts re
s istance varies somewha t less than German s ilver
w ith changes of tempera ture, and i s therefore “St (1 .

w here greater accuracy i s desired .

Al l oy, Pal l adi um
ladium w ith other metals .

—An a lloy of pal w

Pa lladium forms a number of usefu l a lloys w i th .

var ious me ta ls . Some of the pa llad ium a lloys a re
as elasti c as steel , are unaffected by moisture or

ordinary corrosive agenc ies , and a r e en ti rely tie

voi a
’
of pa r amagn et ic p r oper t i es ; tha t i s to say ,

they cannot be magne tized a fter the manner of
“

iron .

These proper ties have been utilized by their ’

discoverer , Pa illard , i n their employmen t for the
ha ir-spr ings , escapements and ba lance wheels of

wa tches , in order to permi t the w a tches to be car
r ied into strong magnetic fields w i thout any ap

p rec iable effec ts on the ra te of the wa tch . A
number of careful tests made by the author

,
by

long con tinued exposure of w a tches
,
thus pro

tected by the Pa illard a lloys
,
in extraordinary

fields, show tha t the pro tec tion thus given the

w a tches enables them to be carried in to the strong
es t possible magnetic fields w i thou t appreciably
afi

'

ecti ng their rate .

T he Pa illard pa lladium a lloys have the fol low
ing composition , v i z
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Al loy No. 2. characters of theAmerican M orse , in which space s
are used , tha t the Con tinen ta l characters d ifier
from theAmerican . This i s due to the use of the

needle ins trumen t w ith which a space cannot we ll
be represen ted . Amovemen t or deflection of the.

Pal ladium
Copper
Iron

Al loy No. 3 .

65 to 75

I to 5
I to

! to 2

3 to l o

I to 5

Pr i n t in g

Pa l ladium 45 to 50

Silver 20 to 25
1 5 to 25
2 tO 5

—o
\\ f

2 to 5

2 10 5
Stee l 2 to 5

T he grea t va lue o f the pa lladium a lloys , when
employed for the ha ir-Spr ings of w a tches , ar ises
not on ly from their nommagnetizable proper ties ,
and their inox idiz ab i li ty , bu t particu lar ly from the

fact tha t the ir elastici ty is approxima tely the same
fo r compara tively w ide ranges of tempe ra ture .

Al loy, Pl at inum-Si l ver —An a lloy
cons is t ing of one part of pla t inum , and two

parts of s ilver.

Pla tinum-s ilver al l i s now extens ively em

ployed for res istance coi ls from the fac t tha t
changes in tempera ture of the a lloy produce but
compa ra tively sma l l changes in i ts electr ica l re
s is tance . (See Al loy , German S i l ver . )

Al phabet, Tel egraphi c —An arbi
trary code cons ist ing of dots and dashes ,
sounds ,deflect ions of a magnet ic need le , flashes
of light , or movements of levers , fol low ing one

another in a g iven predetermined order, to
represen t the let ters of the a lphabet and the
numera ls .

Al phabet, Tel egraph ic : I nternat iona l

Code —T he code of s igna ls for let ters ,
etc . , employed in England and on the Euro

pean cont inen t genera lly.

Similar symbols are employed for the numerals
and the punctua tion marks .

I t w ill be observed tha t i t is ma in ly in the

w

x

In te r na t iona l Yeleg r ap/zz
'

c Coo/e.

needle to the left s ign ifies a dot ; a movemen t to
the r ight , a da sh .

Al phabet , Tel egraph i c : Horse
’

s

Various groupings of dots and dashes , or

deflec t ions of a magnet ic need le to the righ t
and left , w h ich represen t the letters of the

a lphabet or other s igns .

In the M orse alphabet dots and da shes a re em

ployed i n recording sys tems , and sounds of

varying in terva ls , corresponding to the dots and

da shes , in the sounder system.

Adash i s equa l in length of time to three dots .

T he space be tw een the separa te characters of a.

s ingle letter i s equa l to one dot
, except i n the

American M orse, in which the follow ing letters
con ta in longer spaces : C , O , R, Y , and Z. T he

lengthened spaces are equa l to two dots . L is

one and a hal f times the length of T .

T he sound produced by the down stroke of the

sounding lever in the M orse sounder is readily
distingu ishable from the up s troke. When these
differences are taken i n connec tion w i th the inter
va ls between success ive sounds there is no dith
cu lty i n reading by sound .

(For methods of receiving the alphabet
, see

Sounder , M or se Telegr aph i c. Recorder , M or s e

l t’ecor a
'
er

, B a t
'

n
’
: Recorder , S ip/t on

Relay . fli agn et , Receiv ing . ) In the needle tel e

gr aph , the code is s imila r to that used in the M orse

Alphabet . (See 7 elegr ap/zy , Single-Need le . )
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AM ERICAN M ORSE C ODE.

ALPHABET .

PUNCT UAT ION M ARKS.

Interroga tion
Exclamation

Prin t ing
1

2

3

4

5

e

7

8

9

10

Pe r iod

Comma

i nt e r rogat iom

Colon
S em ico lon

Al terat ion Theory of M uscl e or Nerve
Current—(See T lzeory , Alter a t i on , of
M uscl e or Nerv e Cur r en t .)
Al ternat i ng Ar a—(See Ar c , Al ter n a t

Al ternat i ng Current Ci rcu i t — (See Cz
’

r

c u l
’

t , Al terna t i ng Cur r en t .)

1 6 [Alt.

Al ternating Current Condenser .
—(See

Condenser , Al terna t i ng Cur r en t .)

Al ternat i ng Current Dynamo-El ectr i c
M ach i ne—(See M a c/t i ne, Dy namo-Electr i c ,

Alter na t i ng Cur r en t .)

Al ternati ng Current El ectr ic M otor .

(See M otor .E lectr i c , Al ter na t i ng Cur r en t .)

Al ternat i ng Currents .
—(See Cur r en ts ,

Al ter n a t i ng .)

Al ternat i ng Currents, Di str ibution of

El ectr i ci ty by —(See Electr i ci ty , D i s
tr i but i on of , by Al ter na t i ng Cur r en ts .)

Al ternat ing Di scharge—(See D i sclza rg e,
Al ter na t i ng .)

Al ternat ing Dynamo-El ectr i c M ach ine.

(See M a c/zi n e, Dy namo-Electr i c , Al ter na t
i ng Cur r ent .)

Al ternati ng El ectrostat ic Fi el d .
—(See

F i eld , Alter na t i ng El ectr osta t i c .)
Al ternat i ng El ectrostat ic Potent ial .

(See Poten t i a l , Al terna t i ng El ectr osta t i c .)
Al ternati ng Fi el d.

—(See F i eld , Al ter na t
i ng .)

Al ternat ing Influence M ach i ne, Wims
hurst

’

s —(See M a c/t i ne, W ims/tur st
’

s

Al ter na t i ng Inf l uence.)

Al ternat i ng M agnet ic Fiel d.
—(See F i eld ,

Al tern a t i ng M ag net i c .)

Al ternat i ng M agnet ic Potent i a l . —(See
Poten t i a l , Al ter na t i ng M ag n et i c .)
Al ternat ing Poten t i al . -(See Poten t i a l ,

Alter na t i ng .)

Al ternat ing Pr imar y Curren ts —(See

Cur r en ts , Al ter n a t i ng Pr ima ry .)

Al ternat i ng Secondar y Currents—(See
Cur r en ts , Al ter n a t i ng Secondary .)

Al ternat ion .
—A change in direc t ion or

phase .

Al ter nat ions.
- Changes in the direct ion of

a curren t in a c ircuit .

Acurren t tha t changes i ts direction 300 t imes

p er second is sa id to possess 300 a ltern a tions per
second .

Al ternat ions , Comp l ete —A change
in the direc t ion of a curren t in a c ircu it from its
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former direc t ion and back aga in to that
d irec t ion. Acomp lete to-and-fro change.

Complete a lterna tions a re some times indica ted
by the symbol

Al ternations, Frequency of —A
phrase employed to denote the number of a l

ternations per second .

Al ternat i ve Path.
—(See Pa t/t , Al ter na

l i ve.)

Al ternati ves, Vol ta ic —Aterm used
in med ica l elec trici ty to indica te sudden re

versa ls in the polarity of the electrodes of a

vol ta ic ba ttery.

An a l ternating current from a vol ta ic ba t

tery , obta ined by the use of a sui table com

mutator.

Sudden reversals of polar ity produce more

energetic effects of muscular con traction than do
simple closures or completions of the c ircu it .
T hemuscular con trac tion produced by a volta ic

cur ren t i s much stronger when the direction of the

current i s rapidly reversed by means of a com

mu ta tor than when the curren t is more slow ly
broken and the poles then reversed .

T he effect of volta ic a lternatives i s to produce
qu ick con trac tion s tha t are in s trong con tras t to
the prolonged contrac tions tha t resul t from the

faradic curren t . In the faradic machine, the
reversa ls are so rapid tha t the muscle fa ils to
return to rest before i t is aga in con tracted .

Vol ta ic a l ternatives are
-

sometimes indica ted by
the con traction V . A.

Al ternator.
—Aname common ly g iven to

an a l terna te curren t dynamo. (See M a c/zi ne ,

Dy namo
-Electr i c, Al terna t i ng Cur r en t .)

Al ternator , Compensated Exc i tation of

—An excita t ion of an a lterna t ing curren t
dynamo-e lec tric machine , in which the field is
but partia l ly exc i ted by separa te exc itement ,
the rema inder of its excit ing current being
derived from the commuted curren ts of a

sma ll trans former placed in the ma in c ircu it
of the mach in e .

T he objec t of compensa ted exc i tation of an

a lterna tor i s to render the machine self. govern ing .

Amal gam.
—A combina tion or mixture

of a metal wi th mercury.
Amal gam, El ectr i c —A subs tance

w ith wh ich the rubbers of the ordinary fric
t ional elec tric mach ines are covered .

Electric ama lgams a re of va r ious compos itions .

T he follow ing formula produces an excel len t
ama lgam
M elt together five parts of zinc and three of

t in , and gradua lly pour the mol ten meta l into
n ine par ts of mercury . Shake the mixture until
cold , and reduce to a powder in a warm mortar .

Apply to the cushion by means of a thin layer of
s tifl

'

grease .

M osa i c gold, or bisulphide of tin , and powdered

graphite , both act as good electri c amalgams .

An elec tr ic ama lgam not on ly acts as a con

ductor to carry off the nega tive electric ity , but,
being highly nega tive to the glass , produces a far
higher electrification than would mere lea ther or
Chamois .

Amalgamate .
—T o form into an ama lgam .

Amal gamat ing .
—Forming into an ama l

gam.

Amalgamat ion .
—T he act of forming in to

an ama lgam, or effec t ing the combina t ion of

a meta l w i th mercury.

Amal gamat ion of Zi nc Pl ates of Vol ta ic

Cel l .—(See Pla tes , Zi nc , of Vol ta i c Cel l ,

Ama lg ama ti on of .)

Amber .
—A res inous subs tance, genera l ly

of a transparen t , yel low color.

Amber is in teresting electrica lly a s being be
l ieved to be the subs tance in which the proper
t ies of elec tr ic a ttrac tions and repulsions , impar ted
by friction or rubbing, w ere fi rs t noticed . It w a s

ca lled by the Greeks fil en rp or , from which the
word electrici ty i s derived . This proper ty was
mentioned by the Greek , Tha les of M i letus, 600
B . C . , a s wel l as by Theophrastus .

Amer i can System of Tel egraph y.
—(See

Teleg r apny , Amer i ca n Sy stem of .)

Amer ican Twi st-Joi nt—(See 7oi n t ,
Amer i ca n Tw i st .)

Amer i can Wi re Gauge—(See Ga ug e,

Wi r e, Amer i ca n .)

Ammeter .
—A form of ga lvanometer in

wh ich the va lue of the curren t is measured
d irec tly in amperes . (See Ga lv a nometer .)
An ampere-meter or ammetc r i s a commercia l

form of ga lvanometer in which the deflec ti on s o f
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a magneti c needle are cal ibra ted or valued in am

peres . As a rul e the coils of w ire in an ammeter
are of lower res istance than in a vol tmeter . The

magnetic needle is deflected from i ts zero pos ition
by the field produced by the current whose s trength
in amperes i s to be mea sured . This needle is held
in the zero pos ition by the action of a magnetic
field , either of a permanent or an elec tro-magnet,
by the acti on of a spr ing , or by a we ight under the
in fluence of gravity . There thus exist a var iety
of ammeters , v iz . : permanent -magnet ammeters ,
electro-magne/z

’

c ammeters , spr ing ammeters and

gr a v i ty ammeters.

In the form origina lly devised by Ayrton and

Perry , the needle came to rest a lmost imme
dia tely , or was dea d

obea l in action . (See Damp
i ng . ) It moved through the field of a permanen t
magnet. T he instrumen t was furn ished w i th a

number of coi ls of in sula ted w ire
,
which coul d

be connected either in ser i es or i n mu l t ip le-ar c by
means of a commuta tor , thus permitting the sca le
reading to be verified or ca l ibra ted by the use of a
s ingle volta ic cel l . (See Cir cu i ts , Va r i et ies of .

Commuta tor . Ca l ibr a tion , Absolu te . Ca l i b' a

t ion , Rela tive. ) In this case the co ils w ere

turned to series, and a plug pu lled out
,
thus in tro

duc ing a res istance of one ohm.

Fig . 1 2. Ay r ton a nd Perry Ammeter .

Fig . 12 represen ts an ampere-meter devised by
Ayrton and Perry . Adev ice cal led a commut a tor

for connec ting the coils e ither in ser ies or para llel
i s shown a t C . B inding posts are provided a t

P
,
PS, and S. T he dynamo terminals are con

nected a t the posts P, PS, and the curren t w i ll
pa ss only when the coils are in multiple, thus
a void ing acciden ta l burn in g o f the coils . In this
case the entire current to be measured passes
through the coils so coupled . T he posts S and
PS

,
are for connec ting the s ingle ba ttery cell cur

ren t.
Agreat variety of ampere-meters, or ammeters ,

have been devised . They are nearly a l l
, how

[Aml»
ever , construc ted on essen tia lly the same genera l
pr inciples .

Commerc ia l ammeters are made in a grea t va
r iety of fo rms . When the curren ts to be mea s
ured a re large, as is genera lly the ca se in elec tric
l ight or power sta tion s , they cons ist o f a coil of
insula ted w ire, often of a single turn ,

or even of

but a par t of a turn , having a ba lanced core of

iron or steel capable of moving freely w ithin i t .

Ammeter , El ectro-M agnet ic —A
form of ammeter in w hich a magnetic need le is
moved aga ins t the field of an elec tro-magnet
by the field of the curren t it is mea suring.

(SeeAmmeter .)

Ammeter , Gravi ty -A form of am

meter in w hich a magnet ic needle is moved
aga ins t the force of grav ity by the field of the

curren t it is measuring . (SeeAmmeter .)

Ammeter , M a g net i c-Vane —An
ammeter in w h ich the s trengt h of a magnet ic
field produced by the curren t tha t is to be
measured is determined by the repuls ion ex

erted between a fixed and a movable iron

vane, placed in sa id field and magnet ized
thereby. (See Vol tmeter , M ag net i c Va ne.)
Ammeter , Permanent-M agnet A

form of ammeter in w hich a magnet ic need le
is moved aga ins t the fi eld of a permanen tmag
net by the field of the curren t it is measuring .

(SeeAmmeter .)

Ammeter , Reda cteur for
ducteur , or Slzun tf or Ammeter .)

—(See Re

Ammeter , Spr i ng —A form of am

meter in w hich a magnet ic needle is moved
aga ins t the a c tion of a spring by the field of

the
'

curren t it is measuring . (SeeAmmeter .)

Amorphous—Hav ing no defin i te crys
ta lline form.

M inera l subs tances have cer ta in crystal line
forms , tha t are as cha racter istic of them as are the

forms of an imals or plan ts . Under certa in c ir

cumstances , however , they occu r w i thout defin ite
crysta lline form, and a re then sa id to be amor

phous sol ids .

Amperage—T he number of ampt
‘

sres pass s
ing in a given c ircu it .
T he curren t s trength in any c ircui t a s ind i

cated by an ampere-meter placed in the circui t .



Amp.)

Ampere—T he prac tica l un i t of elec tric
-curren t .
Such a ra te-of-flow of elec tricity a s trans

m its one coulomb per second .

Such a curren t (or ra te-oi-flow or tran s
:m iss ion of elec tric ity) as would pass w ith an

e lectromot ive force of one vol t through a cir

cu it whose res is tance is equal to one ohm.

A current of such a s trength as would
depos i t .005084 gra in of copper per second .

Acurren t of one ampere is a curren t of such
d efini te strength tha t i t would flow through a c ir
cu it of a cer ta in res is tance and w ith a certa in
e lectromotive force . (See For ce, E l ectr omot i ve .

Vol t . Res i s tan ce. 012m. )
Since the ohm is the practica l un i t of res istance ,

a nd the vol t the prac tica l u n i t of electromotive
‘

force, the ampere, or the practica l un i t o f current ,
i s the curren t tha t wou ld flow through un i t resist

.a nce , under un it pressur e or electromotive force .

T o make this c learer , take the ana logy of wa ter
flow ing through a pipe under the pressure of a

c olumn of wa ter . Tha t which causes the
.

flow i s

t hepr es sur e or bea d tha t which resists theflow
i s thef r i ct ion of the water aga in st the p i pe, which
w il l vary w i th a number of c ircumstances . T he

. r a te-of -f l ow may be represen ted by s o many cubi c

. i n c/zes of wa ter per s econd .

As the p ressure or head increases , th e flow in
sc rea ~ es propor tiona lly ; as the res is tance increases ,
t he flow dimin ishes .

Electr ica lly , electromotive force corresponds to
‘

the pressure or head of the water , and res istance
to the fr iction of the wa ter and the pipe . T he

.ampere, which i s the un i t r a te-of -f low p er s econd,

may therefore be represen ted as follow s ,

C g, as wa s ann ounced by O hm in his

l aw . (See Law of 011m. )
This express ion s ign ifies tha t C ,

the cur ren t in

equa l to E, the el ectromot ive f or ce in

v ol ts , divided by R, the res i s ta nce in o/zms .

We measure the ra te-of-flow of l iqu ids as so

'many cubi c incites or cubi cf eet per s econd—tha t i s ,
in un its of quan tity . We measure the ra te-of-flow
o f electr icity a s so much electr ic ity per second .

"

T he electr ica l un i t of quan ti ty i s ca l led the Cou l
omb. (See Coulomb. ) T he coulomb i s such a

quan ti ty as would pass in one second through a

c ircu i t in which the ra te-of-flow i s one ampere .

An ampere is therefore equa l to one cou lombper

J i cc4 1d .

T he electro-magneti c un i t of curren t is such a

curren t that, passed through a conduc ting w ir e
ben t in to a c ircle of the radius of one cen timetr e,
would tend to move perpendicular to i ts plane a

un i t magnet i c pole he ld a t i ts cen tre , and

sufii ciently long to practica lly remove the other
pole from i ts influence, w ith uni t force , i . e .

, the

force of one dy ne. (Se e Dy ne . ) T he ampere
, or

practica l e iectro-magnetic un i t
, i s one-ten t/z of

s ue/i a cur r en t ; or
,
i n other words , the a bsolu te

un i t of cur r en t is ten amperes .

An ampere may also be defined by the chemica l
decompos i tion the curren t can effec t as measured
by the quan tity of hydrogen l iberated , or meta l
depos i ted .

Defined i n this w ay , an ampere is such a cur

rent as w rl l depos it .00 1 1 1815 gramme , or

.01 7253 grain , of s ilver per second on one of the

pla tes o f a silver v ol tameter
,
from a solution of

Slc r n itrate con ta in ing from I 5 to 30 per cen t . of
the sa l t (See Vol tameter ) , or whichw il l decompose
.00009326 gramme, or .001439 gra in of dilute
sulphu ric acid per second , or pure su

lphur ic ac id
a t 59degrees F. d i luted w ith about 1 5 per cent . o f
water , tha t is , dilute sulphur ic acid of Sp . G r. o f

about I I . T he presen t sc ien tific and commerc ia l
prac tice is to take the ampere to be such a cur ren t
as w i ll deposi t 4 024 grammes of silver in one hour .

AmpereArc.
—(See Ar c , Amper e.)

Ampere-Feet.—(See Feet , Amper e.)

Ampere-Hour .
—(See Hour , Amper e.)

Ampere-M eter .
—An ammeter. (See Am

meter .)

Ampere-M eter , B al ance or Neutral Wi re
—An ampere-meter p laced in the c ir

cuit of the neutra l w ire, in the three-w ire sys

tem of electric d is tribut ion , for the purpose of

show ing the excess of curren t pas s ing over
one s ide of the sys tem as compared w ith the

other s ide, w hen the cen tral w ire is no longer
neutral .

Ampere-M i nute—(See M i nute , Amper e.)

Ampere R ing . See Ring , Amper e.)

Ampere-Second.
—(See Second , Amper e.)

Ampere Tap—(See Tup , Amper e.)

Ampere-Turm—(See Tur n , Amper e.)
—(See Tur n ,Ampere-Tur n , Pr imary

Ampere, Pr ima ry .)
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Ampere-Turn , Secondary
T ur n ,Atnpbr e, Seconda ry .)

Ampere-VolL—A w a t t, or the fi g of a

horse-pow er.

This term is genera lly w ritten vol t amper e .

(See Vol t-Ampere. )

Ampere-Wi ndi ng.
— (See Wi nd i ng , Am

per e.)
Ampere

’

s Rul e for Effect of Current on

Needl e—(See Rule, Ampe
‘

re
’

s , f or Ej ect of
Cur ren t on Needle.)

Ampere’

s Theory of M ag neti sm—(See

M ag net i sm, Amper e
’

s T l i cory of .)

Amper ian Currents—(See Cur r ents ,Am

jer i a n .)
Ampl i tude of Vi bration or Wave— (See
Vi bra t i on or Wav e, Amp l i tude of .)

Ammun i tion-Hoi st , El ectr ic -An
electrica l ly Opera ted hois t for ra is ing ammu

n it ion to the deck Of a ship .

In the elec tric ammun ition-hois t the electr ic
motor which moves the hoist is made to follow the

motions of the Opera tor ’s hand , both as rega rds
direction and speed. T he motion Of a crank , or
w heel

,
causes a sw itch to star t an electr ic motor in

a certa in direction , which tends to close the sw i tch ,
thus necess i ta ti ng a race between the Operator
and the motor . Should the Operator begin to

c lose the sw itch more slow ly , the m for w ill over
take h im, w i ll partia lly close the sw itch , and thus
lower the speed of the motor .

Anal ogous Pol e—(See Pole, Ana log ous .)

Anal ys i s—T he determina t ion Of the com

pos ition O f a compound subs tance by s epar
a ting it into the s imple or elemen tary sub
s tances O f w hich it is composed .

Anal ys is, El ectr ic —T he determin

a tion Of the compos it ion Of a subs tance by
elec trical means .

Various processes have been proposed for elec
tric ana lysis ; they cons is t essen tia lly in decompos
ing the subs tance by means of electric curren ts ,
and are ei ther qua l i ta tive or quanti ta tive . (See
E lectroly s is

An al ys i s, El ectrol yt ic —A term
sometimes used ins tead of electric analys is .
(See Ana lys i s , Electr i c.)
Anal ys i s, Qual i tat i ve A chemica l

Anal yze, El ectr ical l y —T O separa te .

elec trica l ly in to componen t parts .

Anal yzer , El ectr i c —A grid iron of

meta l l ic w ires w hich is transparen t to electro
magnet ic waves , when its lengt h is perpend ic
ular to them, but opaque to them—i .
posses s ing the ab ili ty to reflec t them—w hen .

rota ted 90 degrees from its former pos ition .

T he electric ana lyzer
,
i t w il l be observed , is

ana logous to an analyzer for polar ized light . A.

reflecting surface , for example, being able to re

flect po lar ized light in a g iven pos ition ,
and unable

to reflect i t w hen rotated 90 degrees from such

position
,
i s capable of acting as an ana lyzer for

p i lar ized l ight.

Anal yzer , Gray’s, Harmon i c Tel egraph i c:
—An electro-magnet , the armature oi

'

w h ich cons is ts Of a s teel ribbon s tretched in
a meta l l ic frame and capab le through regula

~

t ion , as to ten s ion , by means Of a screw , O f .

‘

being tuned to a certa in note.

T he steel r ibbon i s throw n in to vibra tion when a

ever pulsations from the transmi t t ing in s truments
are sen t over the line corresponding to the ra te c f

’

motion Of the r ibbon , bu t i s not
'

set in to vibra tion
by any others . If, therefore , a number Of different .

ana lyzer s , tuned to d tfleren t notes , are pla ced on

the same l ine, each w ill be opera ted only by the
pulsa tions sen t in to the line corresponding to i ts .

ra te Of motion , and thus mu l tiple transm ission in
the same direction i s poss ible. In order to .

strengthen the tones Of the ana lyzers , each is pro.

v ided w i th a resonan t a ir column . (See A
’

eson

a tor . T e l egr ap/zy , M u l t iplex . )

Anal yz ing.
—Separa t ing into component .

parts .

Anel ectr i c.
—Aword formerly applied to

bodies (conduc tors) w h ich it was bel ieved
could not be elec trified by fric t ion .

ana lys is wh ich mere ly ascerta ins the kinds of
elemen tary subs tances presen t .

Anal ysi s, Quanti tati ve Achemica l
ana lys is w hich ascerta ins the rela tive propor~

t ions in which the differen t components en ter
into a compound .

Anal yzabl e.
—Separab le in to component

parts .

Anal yze—TO separa te in to component
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mol ecule whi ch appears at the a node. (See

E lectroly s i s . Anode . )

As the anode i s connected w i th the electro

posi tive te rmina l of a source , the an ion z: t lze

e lectr o-n ega tiv e r adi ca l or group of a toms , and

M er e/ore appea r s a t tlze el ectro-pos i t iv e termina l .

Akathiori , or electro-positive radica l , ap t

cars

a t the kathode, which i s connected w ith the

e lectro -nega tive termina l of the ba ttery . O xygen
a nd chlor ine a re an ions. Hydrogen and the

metals a re ka thions.

An i sotropic Conductor.
—(See Conductor ,

An i sotr op i c .)

An i sotrop ic M ed i um. (See M ea
’
z
’

um ,

An i sotr op i c .)

Anneal i ng, El ectr i c A proces s
for annea l ing meta ls in w hich elec tric hea t ing
is subs t ituted for ordinary hea ting .

Annual Inequal i ty of Ear th
’
s M agnet

i sm.
—(See I nequa l i ty , Ann ua l , of Ea r t/z

’

s

M ag n et i sm .

An nual Var i at ion of M agnetic Needl e.

SeeNeedle, M ag n et i c, Annua l Va r i a t i on

Annunci ator , B urg l ar-Al arm —An
annunc ia tor used in connection w ith a sys tem
of burglar-a larms . (SeeAla rm , B urg l a r .)
Annunciator Cl ock , El ectr ic

(See Clock , E lectr i c Annunci a tor .)
Annunci ator Drop .

—(See D r op ,Annun

c i a tor .)

Annunci ator Drop , Automatic
(See D r op , Automa t i c Annunci a tor .)
Annunci ator , El ectro-M agnet ic

An electric device for automa tica lly indica ting
the poin ts or places a t w hich one or more

electric contac ts have been closed .

T he character o f the annunc iator depends
, of

course, on the character of the places a t which
these poin ts , places or stations a re si tua ted .

Annunc iators are employed for a var iety of

purposes . In hotels they are used for indica ting
the number o f a room the occupan t of which
d es ires some service, which he sign ifies by push
ing a button , thus c losing an electr ic c ircu it.
T his i s indica ted or announced on the annun cia
tor by the fa lling of a dr op , on which i s pr inted a

n umber corresponding w ith the room
, and by the

22 [Al l l t.

r inging of a bel l to notify the a ttendan t. T he num
her is released by the movemen t of the arma ture
of an elec tro-magnet. T he drops a re replaced in
the ir former pos ition by some mechan ica l device
opera ted by the hand . In the place of a drop a

1 4 . Electron /Mag net i c Annun c ia tor ,

Annunc i a tor .

needle is sometimes w ed , which , by the a ttraction
o f the arma ture of an electro-magnet, poin ts to
the number signa l ing .

Annunc ia tors for houses
,
burglar-a larms , fi re

a larms , e leva tors , etc a re

of the same genera l con

struction .

Annunc iators are genera l
ly Operated by elec tro-mag
netic a ttrac tion or repulsion ,

and are therefore some

times ca lled electr o-magneti c

a nnuncia tor s .

Fig . 14 show s an annun

c iator su itable for use in

hotels .

T he numbers 28and 85
are represen ted a s having
been dropped by the clos ing
of the c ircui t connected
w i th them.

Annunci ator , El eva
tor —An annuncia

tor connec ted w ith an

eleva tor to indica te the

floor s ignal ing .

O ne form of eleva tor annun cia tor is shown in
Fig . 1 5 .



Annunciator , Fi re-Al arm An

a nnunciator used in connec t ion w ith a sys tem

o f fire-a larms .

Annunci ator , Grav i ty-Drop An

a nnuncia tor w hose s ignals are opera ted by
t he fa l l of a drop .

Gr a v i ty Dr op An nunci a tor .

Aform of gravity-drop annuncia tor i s shown

in Fig . 1 6 . T he arma ture mechan ism for the

release of the drop w il l be understood by an in

spection of the draw ing .

Annunci ator , Hotel —An annun

c iator connected w ith the differen t rooms of a

hotel .
Ahotel-annuncia tor i s generally provided w ith

a return bel l and guest-ca ll .

Annunciator , House —An annun

c iator connected w ith the rooms of a house.

Annunci ator , Needl e —An annun

c iator, the ind icat ions of which are g iven by
the movemen ts of a needle ins tead of the fal l

of a drop .

A form of needle-annunciator is shown in

Fig . 1 7.

Annunciator , O ral or Speak i ng Tube

—Ah annunc ia tor elec trical ly operated

Annunci ator , Pendul um or Swi ng i ng

An annunc ia tor, the indica t ing arm of

w hich cons is ts ofa pendulous ,or sw inging arm,

Fig . 1 7 . Needl e-Annuncz
‘

a tor .

wh ich , w hen at res t , points vertical ly down
ward , and w hich is moved to the righ t or left
by the act ion of the curren t .

Pendulous , or sw inging-a nnunc ia tors are gen

ora lly so arranged a s to need no replacemen t .

by mean s of a puff of brea th transmitted
through an ord inary speaking tube .

T he ora l-annunc ia tor i s a con tr .vance whereby
a centra l offi ce i s placed in commun ica tion w ith a

number o f speaking tub s s coming from d i li eren t
points in a hotel or o ther place. A person
in any room ,

w ho w ishes to commun icate
w ith the centra l offi ce , blow s through the

speaking tube i n h is room, and thus , by
efiecting an electric con tact, r ings a bell and

opera tes a drop a t th e ann unc ia tor , thus indi ca t
ing the exact tube a t which the a ttendan t is to
receive the message . T he a ttendan t can thus be
placed in easy commun ica tio l w i th each of the

rooms w hose speaking tubes connect w ith the

annuncia tor .



O n the cessation of the curren t the indica tor arm
drops vertically downward .

A relay is preferably used w ith pendu lum

annunciators , s in ce the rapid makes and breaks
of the cur ren t by the be ll a larm in terfere w ith
their sa tisfactory action.

Anodal . —Perta in ing to the anode . (See

Anode.)

Anodal Di ffusion .
—(See D tfi

'

us i on , Ano

Anode.
—T he conduc tor or pla te of a de

compos ition cel l connec ted w ith the pos it ive
termina l of a ba ttery, or other elec tric source .

Tha t termina l of an elec tric source out of

w h ich the curren t flow s into the l iquid of a

decompos it ion cel l or voltameter is ca l led the
anode.

Tha t termina l of an electric source into
which the current flow s from a decompos ition
cel l or voltameter is ca l led the ka thode.

T he anode i s connected w i th the carbon or

posi tive termina l of a volta ic ba ttery , and the

kathode w ith the zinc, or negative termina l.
Therefore the word anode has been used to

s ign ify the pos iti ve termina l o f an electric source,

and kathode, the negative termina l , a nd in this
sense is employed genera lly in elec tro-thera
peu tics . It is preferable

,
however

, to restr ict the
use of the words anode and ka thode to those
terminals of a source a t which elec trolysis i s
taking place .

T he terms anode and kathode in rea lity refer
to the electro-receptive devices through which
the current flows . S.n cc i t is assumed tha t the
curren t flow s out of a source from i ts pos i tive
pole or termina l , and back through the source a t

i ts nega tive pole or termina l
, the pole of any

device which is connected w ith the positive pole
of a source i s the part or pla ce a t which the

curren t enters and flow s through it, and tha t
connected w i th the nega tive pole, the par t at

which it leaves . Hence , p robably, the change
in the use of the words already referred to .

Since the a n ion , or the electro nega t iv e radica l ,
appea rs a t the a node

,
i t is the anode of an el ectr o

p l a t ing oa t/z
,
or the pla te connec ted W i th the

positive termina l of the source, tha t is dissolved.

When the term a node was fi rs t proposed by
Faraday, volta ic batter ies w ere the on ly ava ilable
elect ric source ,

and the term r ef er r ed on ly to M e

[Am

a vol ta i c ba ttery w/zen '

(See Cable,

pos i t ive termina l of

p la ced in an el ectr oly te .

Anodi c.
—Perta ining to the anode. (See

Anode.)

Anodi c El ectro-Di agnostic React ions.

(See Rea ct i ons , Ka t/zodi c and Anodi c E lec
tr o-D i ag nosti c.)

Anodi c Open ing Contraction—(See Con
tr otton , Anodi c Open i ng .)

Anomal ous M agnet—(See M ag net , An
oma lous .)

Anomal ous M agnet i zation—(See M ag

net i za t i on , Anoma lous .)

Ant i-Induct i on Cabl e

Antz'J nduct i on .)

Anti-Induction Conductor. (See Con

ductor , Ant i-1 nduct i on .)

Ant i l ogous Pol e.
—(See Pole,An t i log ous .)

Anvi l . T he fron t con tac t of a telegraphic
key tha t l imits its mot ion in one d irec tion . .

(See Key , T eleg r ap/zi c.)

Aper i od ic Gal vanometer.
—(See Ga lv a

nometer , Aper i od i c .)

Apparatus, Farad ic-Induction

An induc t ion coil appara tus for producing
faradic currents .

Avolta ic ba ttery is connec ted w i th the primary
of an induction co il , and i ts curren t rapidly
broken by an a utoma ti c br eak , or by a hand
break . T he a lterna ting or farad ic currents thus
produced in the seconda ry coi ls are used for
e lectro therapeutic purposes . (See Coi l , Induc

t i on . )
Faradic induction apparatus i s made in a great

var iety of forms . They a ll O perate , however , on
essen tially the same p rinc iples .

Apparatus , Faradic, M agneto-El ectri c
—A smal l magneto-elec tric mach ine

emp loyed in elec tro-therapeut ics for producing
farad ic curren ts .

M agneto-electric faradic machines cons is t essen
tially of a coil of w ire w rapped on an arma ture
core tha t i s rota ted before the poles of permanen t
magnets . No commuta tor is employed , s ince i t is
des ired to obta in rapidly a lterna ti ng currents .

Apparatus, Inter l ock ing Dev ices
formechan ical ly operating from a d istan t s ignal
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tower, ra ilroad sw itches and semaphore s igna ls
for indica t ing the pos ition of such sw i tches ,
by means of a sys tem of interlocking levers ,
s o cons tructed tha t the s ignals and the

sw itches are so in terlocked as to render it
imposs ible, after a route has once been set up

4
a nd a s ignal g iven , to c lear a s igna l for a
r oute tha t would confl ic t w i th the one previ
ously set up. (See B lock Sy stem f or Ra i l

r oads .)

Apparatus , M ag neto-Electr ic M edical

—A term app l ied to sma ll magneto
e lectric mach ines emp loyed in med ica l elec
tricity for the produc t ion of uncommuted
o r farad ic curren ts . (See Appa r a tus , Fa r a
d i c, M ag neta

-Electr i c.)

Apparatus, Reg i ster i ng , El ectr i c
Dev ices for obta ining permanen t records by
e lectrica l means .

Apparatus,Reg i ster i ng , Tel egraph i c
1—Aname somet imes gi ven to a telegraph ic
recorder. (See Recorder , Clzemi ca l , B a i n

’

s .

Recorder , M or se. Recorder , Sip/ton .)

Apparent (Jo-effi cient of Inducti on .

(See Induct i on , Appa rent Co—efi ci en t of .)

Arago
’

s Di sc .
—(See D i sc , Ar ag o

’

s .)

Arc.
—Avol taic arc . (See Ar c , Vol ta i c .)

Arc.
—T o form a volta ic are.

Adynamo-electr ic machine i s sa id to a rc a t the

c ommutator , when the curren t passes as visible
s parks across the spaces between adjacen t seg
men ts .

This action a t the commuta tor is more gener

a lly called spa rking or bur n ing .

Arc, Al ternat ing —A vol ta ic a rc

formed by means of an a lterna t ing current .
In -order to avoid the extinction of the a re a

c erta in number of a lternations per second is nec

e ssary . T he a lterna ting a rc p roduces a loud
s inging noise . At very high frequenc ies , how
ever , the no ise disappears .

T he a lterna ting arc , not posses s ing a fixed posi
t ive crater , requires to be covered by a good
reflector to throw the light dow nward .

Arc, Ampere —A s ing le conduc tor
b ent in an a rc of a c irc le , a nd used in elec tric
ba lances for measuring the elec tric current .

25 re.

Arc B low-Pi pe .
—(See B low-Pipe, E lec

tr i c Ar c. )

Arc, Compound —An are formed
between more than two .eparate electrodes .

Arc , Counter El ectromot i ve Force of

—An elec tromotive force genera l ly be
l ieved to be set up on the forma t ion Of a
vol ta ic arc , Opposed in direc t ion to the elec tro
mot ive force ma inta in ing the arc . (See For ce,
Electr omot i v e, Coun ter .)
This coun ter e lec tromotive force is bel ieved to

have its origin pa rtly in the energy absorbed a t

the cra ter Of the positive carbon ,
w here the car

bon i s vola til ized , and given out a t the n ipple on

the nega tive carbon ,
where i t i s deposited or

soli dified . It is to be noted in this connec tion
tha t the apparen t resistance of the carbon voltai c
arc is not directly propor tiona l to the length Of
the arc .

Arc, El ectr ic —A term somet imes
used for the volta ic arc . (See Ar c, Vol ta i c .)

Arc, Fry i ng of —Afry ing sound a t

tending the forma t ion of a vol ta ic a re w hen
the carbons are too near together.

T he cause of the frying sound i s probably the
same as tha t of hiss ing . (SeeAr c, Hz

’

ss z
’

ng of . )

Arc , Hi ss ing of -A hiss ing sound
a t tending the forma t ion of volta ic arcs w hen
the carbons are too near together.

T he cause of the hiss ing i s not en tirely under
stood . Prof. Elihu Thomson sugges ts tha t i t is
due to a too rapid vola tiliza tion O f the carbons .

Arc Lamp.
—(See Lamp , Ar c .)

Arc Lamp , El ectri c —(See L amp ,

Arc Lamp , T r i pl e Carbon El ectr i c
—(See L amp , Ar c , T r ip le Ca r bon Electr i c .)

Arc Light ing .
—(See n /t t i ng , Ar c .)

Arc, M etal l ic Avolta ic arc formed
between meta ll ic elec trodes .

When the vol ta ic arc i s formed be tween metal l ic
elec trodes ins tead of carbon elec trodes , a flaming
arc is obta ined , the color ofwhich i s charac ter is tic
o f the burn ing meta l thus copper forms a brill
ian t green arc . T he me ta ll ic arc , as a ru le is
much longer than an a rc w ith the same curren t
taken between ca rbon electrodes .

Arc M icrometer .
—(See M i crometer ,Ar c .)



Arc, Noi sy —A volta ic arc , the

ma in tenance of which is a t tended by frying ,

h iss ing , or spluttering sounds .

Arc, Qui et -A vol ta ic are which is

maintained w i thout sens ible sounds .

Arc, Roar ing of —A roaring sound
at tending the forma tion of a volta ic arc when

the carbons are too near together and a very
pow erful curren t is used .

Arc, Simpl e
tween tw o elec trodes .

Arc, Spl utter i ng of -A spluttering
sound a ttending the forma tion of a volta ic
arc .

Prof. Elihu Thomson sugges ts tha t the cause of

splutter i ng i s due to the pre sence of impur iti es in
the carbons, or from the sudden t v olu tion of gas

from insuffi c iently baked carbons .

Arc, Vol ta ic —T he brillian t arc or

bow of l ight which appears between the elec

trodes O r termina ls , general ly of carbon , of a

suffic ien tly powerful source of elec tric ity , w hen
separa ted a short d is tance from each other.

T he source of l ight of the electric arc lamp .

—An arc formed be

It is ca lled the volta ic a re because i t w as fi rs t
Obta ined by the u se of the ba t tery inven ted by
Volta . T he term are w as g iven to i t from the

shape of the luminous bow or a r e formed be tween
the carbons .

T o form the vol ta ic are the carbon electrodes
are fi rst placed in con tac t and then gradua lly
separa ted . Abr illian t arc o f flame i s formed be
tw een them , which cons ists ma inly of volatilized
carbon . T he electrodes are consumed , fi rst, by
actua l combina tion w ith the oxygen of the a ir ;
and , second , by vola ti lization under the combined
influence of the e lec tr ic curren t and the in tense
hea t .
As a resul t of the forma tion of the a rc

, a cra ter
is formed at the end o f the pos itive carbon

, and

appea rs to ma rk the poin t out Of which the

gre a ter par t of the curren t flows .

T he cra ter i s due to the greater volatiliza tion
o f the elec trode at this poin t than elsewhere .

I tmarks the posi tion of highest tempera ture of the

electrodes , and is the ma in source of the light of
the a rc . When , therefore , the Vo l ta ic arc is em

ployed for the purpose s of i llumina tion w ith
vertica lly Opposed carbons

,
the positive carbon

shou ld be made the upper carbon , so tha t the

focus of greates t intensity of the light may be
favorably s i tua ted for i llumina ti on of the space
be low the lamp . When, how ever , i t i s desired to
illumine the s ide of a bu i lding abov e an a rc lamp ,
the lower carbon should be made posi tive .

T he posi tive carbon is consumed about tw ice a s

rapidly as the nega tive, bo th because the nega tive
oxygen a ttacks the poi n ts of the pos itive car bon ,

and because th e posi tive carbon sufi
'

ers the most

rapid vola til iza tion .

T he elec tric curren t passes through the spa ce
occupied by the volta ic arc Lecause

( I . ) T he hea ted arc i s a par tia l conductor of

electric ity .

B ecause sma l l charges Of electric ity a re

carried bodily forward from the pos it ive to the

nega tive carbon through the space of the volta ic
arc , by means o f the m inu te particles w hich are

volati li zed a t the pos i tive electrode.

S. P. Thompson has shown tha t the tempera
ture of the l ight-em itting sur face of the ca rbon is
the tempera ture of the volatiliza tion of carbon

,

and i s therefore constant.
D r. Flemi ng found tha t “ Ar ise of po ten tial

a long the arc takes
place very sudden ly ,
jus t in the ne ighbor
hood of the cra ter .

”

T he cra ter i n the

end of the posi tive car
bon i s seen in Fig . 18.

O n the Opposed end

of the nega tive carbon
a projection or n ipple
i s formed by the de

posi t Of the electr ica l
ly vola ti l ized ca rbon .

Fzg . 1 8. Vol t a i c Ar c . T he rounded masses

or globules tha t appea r on the surface of the elec
tr odes are due to depos its of molten fore ign ma t

ters in the carbon .

T he carbon ,
both of the cra ter and i ts Opposed

n ipple, is converted in to pure , soft graphite .

Arc, Vol ta ic, Res i stance of T he

res is tance Offered by the vol ta ic arc to the .

pas sage of the curren t .

As in al l other conduc tors , the Ohmic res istance:
of the a rc increases w ith i ts length , and decrea s es

w i th i ts area of cross -section . T he apparen t:
res istance , however, i s not direc tly proportiona l
to the length . An increa se of tempera ture de
crea ses the res istan ce of the volta ic arc .



T he to ta l apparen t res istance of the vol ta ic arc
is compo sed of two parts , v iz

T he true ohmic resistance . (See Res i st

ance, O lzmi c. )
The coun ter elec tromotive force, or spur i

ous resistance. (See Res i s tance, Spur ious . )

Arc , Watt —Avol ta ic arc , the elec

tric power of wh ich is equa l to a g iven number
Of w a tts .

T he ordinary long-arc , as employed in arc

l ighti ng , has a d iflerence of poten tia l of abou t 45
vol ts and a curren t strength of about 10 amperes .

It i s , therefore , a 450-wa tt arc .

Arch , Auroral —T he archl ike form
somet imes assumed by the auroral l ight . (See
Aur or a B or ea l i s .)

Arci ng—Dischargi ng by means of volta ic
arcs . (See Ar c, Volta i c.)
Arc ing at the commu tator of a dynamo-elec tr ic

machine not on ly preven ts the proper opera t ion
of the machine, but even tua lly leads to the de

struction of the brushes and the commuta tor .

Areometer , B ead —A form of are

Ometer suitable for rap idly tes t ing the dens ity
of the l iquid in a s torage cel l .

T he head a i eometer con sists of a glass tube,
Open a t bo th top and bottom, con ta in ing a few

glass beads , so weighted as to floa t a t l iquid
densities such as
and T0 use the ins trument,
i t i s immersed in the liqu id of the

storage cell , and then w i thdrawn .

T he finger being kept in the upper
open ing, the l iquid does not escape
through the sma l l open ing a t the

bottom. T he density is then a scer

ta ined by noting the beads tha t
floa t

Areometer or Hydrometer .

—Ah ins trumen t for determin
ing the spec ific gravity of a l iquid .

A common form of hydrometer
cons ists , a s shown in Fig . 19, of a

c losed glass tube, provided w ith a

bu lb, and fi lled a t the lower end
w i th mercury or shot, so a s to ia

sure i ts vertica l pos ition when
floa ting in a liquid . When placed ” m um “

i n d iflerent liquids , i t floats w ith par t of the tube
ou t of the liqu id.

’

T he l ighter the l iquid , the

[Arm.

(See Arm , T el e

smal ler is the portion tha t remains out of the

liqu id w hen the in strumen t floa ts . T he specific
gravity i s determ ined by O bSL I’V l Il g the depth to

w hich the instrumen t s inks when placed in d ifleren t .

l iquid s, as compared w ith the depth it s inks when
placed in w a ter .

Areometry.
—T he measuremen t of spec ific

gravi ty by means of an areometer.

Argand B urner , El ectr i c Hand-Li ghter

(See B urner ,Arg a nd , Electr i cH and

n /i ter .)

Argand B urner , El ectr i c Pl a in-Pendan t

(SeeB urner , Pla i n Penda n t ,Arg a nd ,

E lectr i c .)

Arg and B urner , El ectr ic Ratchet-Pen

dant —(See B ur ner , Ra tc/tet—Penda n t ,
Arg a nd , Electr i c .)

Argy rometry .
—T he art of determin ing

the weight of e lec trolytica lly depos ited s ilver. .

(See B a la nce, P la t i ng .)

Arm, B al ance —O ne of the res is t
auces of an elec tric ba lance. (See Arms ,

B r idg e or B a la nce. B r idg e, Electr i c .)

Arm, B r idge —Abridge arm.

Arms , B r i dg e or B a la nce.)

Arm, Cross —A horizon ta l beam a t

tached to a pole for the support of the in
sulators for telegraph , elec tric l ight or other
elec tric w ires .

A telegraphic arm.

g r ap lzi c .)

Arm, Rocker An arm on w hich the
brushes of a dynamo or motor a re moun ted
for the purpose of shifting t heir pos it ion on

the commutator.

Arm, Semaphore T he movab le
arm Of the s ignal appara tus emp loyed in b lock
sys tems for ra ilroads , for the purpose of in

forming eng ineers of tra ins of the condition
Of the road as regards other tra ins .

In the absolute block system ,
as used on some

roads , there a re two posi tion s for the semapho re
arm

,
v 12. :

( 1 For Danger
—when in a hor izon ta l position ,

or a t 90 degrees w i th the vertica l supporting pole .

C lea r—when dropped below the hor izon ta l
pos ition through an angle of 75 degrees .

In the Permiss ive B lock System , a third posi tion



Arm.]

in termediate be tween the i st and the ad , or a t an

a ngle of 37 degrees 30 minutes w i th the hori zonta l
position

,
is used for cauti on . (See B lock Sy stem

f or Ra i l roods . )

Arm, Signal —A semaphore arm.

(SeeArm, Semap/zor e.)

Arm, Tel egraph ic
—A cross-arm

p laced on a telegraph ic pole for the support
o f the insulators .

These arms are genera lly called cross-arms.

Armature—A mass of iron or other
magnetizab le materia l p laced on or near the

pole or poles of a magnet .

In the case of a permanen t magnet , the arma

tur e, when used as a beeper , is of soft iron and i s

placed directly on the magnet poles . In this case
it preserves or keeps the magnetism by c losing
the l ines of magn et ic f or ce Of the magnet through
the soft i ron Of the a rmature

,
and i s then ca lled a

keeper . (See For ce , M agnetic, Li nes of . )
In the case of an electro-magnet, the armature

i s placed near the poles
,
and is moved toward

them whenever the magnet i s energized by the
passage of the cu rrent through the magnetizing
coils . This movemen t is made aga inst the action
o f a spring or w eights , so tha t on the loss of

magnetism by . the magnet, the arma ture moves
from themagnet poles . (See M agnet , Permanen t .

M agnet , Keeper of . )
When the arma ture is of soft iron i t moves to

ward the magnet on the completion of the circu i t
through i ts coi ls , no ma tter in wha t direction
the curren t flows , and is then ca lled a non -pol a r
i zed a rma tur e. (SeeArma tur e

, Non -Pol a r i zed . )
When made Of s teel , or Of another electro-mag

Fig . 20 . B ip ola r Arma tu r e .

net , it moves from or toward the poles , accord
ing to whether the poles of the a rma ture are of

the same or of a different polari ty from those of

the magnet . Such an arma ture i s ca lled a

pola r i zed a rma tur e. (SeeArma tur e, Pol a r i zed. )

Armature, Ri-pol ar —Ah arma ture
Of a dynamo-elec tric mach ine the polarity of

w h ich is reversed tw ice in every revolution
through the field of the mach ine.

Aform of bip olar arma ture is shown in Fig. 20.

T he w ord bi-polar arma ture is not genera ll y
employed. The term applies rather to the field
magnet poles than to the arma ture.

Armature B ore.
—(See B ore, Arma ture.)

Armature B ore, El l i ptical —(See
B or e, E l l ip t i ca l Arma ture.)

Armature Chamber .
—(See C/zamber ,

Arma ture .)

Armature Coi l s , Dynamo
—(See

Coi l s , Arma tur e, of Dy namo
-Electr i c M a

clt i ne.)

Armature Core, Dynamo —(See .

Cor e, Arma tur e, of Dy namo
-Electr i c M a

c/zi ne.)
Armature, Cy l i ndr i cal —A term

somet imes app l ied to a drum arma ture.

(See Arma tur e, D r um . Arma tur e, Dy

namo-Electr i c M a c/zi ne.)

Armature, Cyl i ndr ical Ring .
—A ring

arma ture w ith a core in the shape of a com

parat ively long cy l inder.

Armature, Di sc An arma ture of a

dynamo-electric mach ine , in wh ich the arma

ture coils cons is t of fla t coi ls , supported on

the surface of a d isc . (SeeArma tur e, Dy

namo-Electr i c M a clzi ne.)

Armature, Di ssymmetr i cal Induction of

—Any induc t ion produced in the arma

ture of a dynamo-elec tric machine tha t is um
equa l in amoun t on Oppos ite ha lves , or in sym

metrica lly d isposed port ions O f the arma ture .

D issymmetrica l induc tion in the arma ture may

cause annoying or inj ur ious sparking a t the com

mu tator . It may ariseh
From a lack of symmetry in the amoun t Of

the arma ture w indings.

From a lack of symmetry in the arrange

men t of the a rma ture w indings on the arma ture
core.

From a lack of symmetry of the pole pieces
of the machine .

From an improper position of the brushes
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tion of the c ircuit , no ma tter in wha t dirce

tion the curren t
,

pas ses through the coils .

T he term non-po lar ized i s used in contrad istinc

tion to polarized arma ture . (See Arma ture ,
Polar i zed .

Th non-polarized arma ture of a relay magne t
i s genera

lly ca lled the neutr a l -relay a rma ture .

Armature of a Cabl e, or Cabl e-Armature.

-Atermsometimes emp loyed for the shea th

ing or protect ing coa t of a cab le .

T he term armor shea thing or coa ting is prefer

able:

Armature of a Condenser , or Condenser

Armature.
—A term somet imes a pp l ied to

the metal l ic plates of a con denser or Leyden

jar.

The use of this term is unnecessary and i ll
advised . T he term coa ting or pla te w ould appear
to be preferable.

Armature of Hol tz M ach i ne, or Hol tz

M ach i ne Armature.
—T he p ieces of paper

tha t are p laced on the s tat ionary p la te of the

Hol tz and other s imilar electros tat ic induc tion

machines .

Armature Pockets—(See Pockets , Arma

tur e.)

Armature, Pol ar i zed —An arma ture
w h ich possesses a polarity independen t of

tha t imparted by the magnet pole near w hich

it is p laced .

In permanen t magnets the arma tures are made
of soft iron ,

and therefore , by i nduct ion , become
of a polari ty Opposite to that of the magnet poles
tha t l ie nearest them. They have , therefore , on ly
a motion of a t traction toward such poles . (See

Indu ct ion , M agnet i c. )
In electro-magnets th e armaturesmay either be

made of soft iron , i n which case they are a ttracted
on ly on the passage of the curren t ; or they may

be formed of permanen t steel magnets , or may be

electro-magnets themselves , in which case the pas
sage oi the curren t through the co ils o f the e lec
tro-magnet, or electro-magnets , may cause ei ther
a ttraction or repulsion , according as the adjacen t
poles are of

,
Oppos ite polarity or are Of the same

polari ty .

Armature, Pol e -Ah arma ture the

coils Of wh ich are wound on separa te poles
‘

[Arm..

tha t projec t r adially from the periphery of a
disc, drum or ring.

,

Apole-armature showing the arrangemen t of
“

Fzg . 22: Pole-Arma tur e.

the coils and their connection to the commutator
segmen ts is seen in Fig . 22.

Armature, Quant i ty —An O ld term
for an arma ture wound w i th but a few coils
of compara tively low res is tance.

Armature, Rad ial —A term some

t imes used ins tead of pole-arma ture .

‘

(See

Arma ture, Pole.)
Armature, Ri ng —Adynamo-electric

mach ine arma ture, the coils of w h ich are

wound on a ring
-shaped core.

Fig . 23 . Ri ng -Arma ture.

Ar ing-arma ture is shown in Fig . 23 , together
w i th the disposition of the coi ls and their connec
tion to the segments Of the commu ta tor .

Armature, Shuttl e —A variety of.

drum arma ture in w h ich a s ing le coi l of

w ire is w ound in an H-shaped groove formed
in a bobbin sha ped core.

T he old form of Siemens-arma ture.

Armature, Sing l e-Loop -A closed

conduc ting c ircu it cons is t ing of a s ing le Ioop ,
capable of revolv ing in a magnet ic fi eld so as

“

to cut its l ines of force.

Armature, Sp ider .
-(See Sp ider , Arma

tur e.)
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Armature, Spher ical —A dynamo

electric mach ine arma ture, the coils of which
a re wound on a spherica l iron core.

T he Thomson-Hous ton dynamo , which i s the
only machi ne employ ing an arma ture of this type ,
has i ts arma ture formed by w rapping three coils
of insula ted w ire on a core of iron so shaped a s

to in sure an approx ima tely spherica l arma ture
when w rapped .

Armature, Toothed-Ri ng
' —An ar

ma ture, the core of w hich is in the shape Of
a ring , prov ided w i th a number Of teeth in the
spaces between w h ich the arma ture coi ls are

p laced .

Armature, Un ipol ar —A dynamo

electric mach ine arma ture w hose polarity is
not reversed during its rota t ion in the field
of the mach ine.

Armature, Venti l ation of —A. pro
cess for insuring the free passage of a ir

through the arma ture Of a dynamo-elec tric
mach ine in order to preven t overhea ting .

Armor of Cabl e—(See Cable, Armor of .)

Armored Cabl e. (See Cable, Armor ed .)

Armored Conductor .
—(See Conductor ,

Armored .)

Arms, B r i dge or B al ance T he

electric res is tances , in the electri c ba lance or

bridge . (See B r i dg e, Electr i c .)

Fig. Arms of B a la nce.

An unknown resistance , such , for example
,
as

D
, Fi g . 24 , is mea sured by proportion ing the

known resistances , A, C and 8, so tha t no curren t
flows through the ga lvanometer G , across the

c ircui t or br idge M G N .

Arms, Proport ionate —T he two re

s is tances or arms of an electric bridge whose
rela t ive or proport iona te resis tances on ly are
required to be known in order to determine ,

[Am

in connec t ion w ith a known res istance , . the

value of an unknown res is tance p laced in the

rema in ing arm of the bridge.

Thus i s Fig . 24, Aand B , are the propor tiona te

Arrangement or Dev ice, El ectromot i ve
A term sometimes emp loyed to rep

resen t a dynamo-elec tric machine, vol ta ic cel l

or other elec tric source , by means of w hich
electromot ive force can be produced .

Electr ic sources do no t produce elec tric cur

ren ts
,
but d ifl

'

erences o f potentia l or electro
mo tive force. Electric sou rces are therefore very
properly termed electromotive devices .

Arrester , Li ghtn i ng —A dev ice by
means of w hich the appara tus p laced in any

elec tric c ircu i t is protec ted from the des truo
tive effec ts of a flash or bol t of l ightn ing .

In the phenomena of l a ter a l induct ion and

a l terna t iv epa /b , w e have seen the tendency of a.

di srup t i ve discharge to take a shor t-cut across an
in terven ing a ir space , ra ther than through a.

longer though better conducting pa th . M ost

l ightning arres ters are dependen t for the ir ope ra
tion on this tendency to la tera l discha rge. (See

Induct ion , La ter a l . Pa t/t , Al terna t iv e . )
Aform Of ligh tn ing arrester i s shown in Fig . 25 .

Fig . 25 . Combn li tn ing -Ar res ter .

T he line w ires , Aand B , are conn ec ted by two
meta ll ic pla tes to C and D

, respec tively .

These pla tes a re provided w ith poin ts , as show n

and placed near a third pla te , connec ted to the

ground by the
i

w ire G . Shou ld a bol t str ike the

li ne
,
i t i s discharged to the earth through the

w ire G .

Var ious forms are given to lightn ing arresters
Of this type . T he projections are sometimes placed
on the ground-connected pla te as wel l a s on th e

pla tes connected to l ine w ires . This form i s

sometimes ca lled a comb a r r ester ,
or pro

'

ecto".
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Arrester , Ligh tn i ng, Comb —A
term sometimes applied to a l ightn ing ar

res ter in which both the l ine and ground
p la tes are furn ished w ith a series of teeth ,

l ike those on a comb . (See Ar r ester ,n lt t

n i ng .)

Arrester , Lightn ing , Counter
-El ec tro

mot i ve Force —A l ightn ing arres ter,
in w hich the passage of the d ischarge through
the ins truments to be protec ted is opposed
by a counter-elec tromotive force , genera ted
by induc tion on the pa ssage of the d ischarge

of the bol t to earth.

T he counter-electromotive force lightn ing ar

res ter i s an inven tion of Professor Elihu Thomson.

It assumes a variety of forms . In the shape
shown in Fig . 26 , the line circuit of the dynamo,

F g . 2 6 . Coun ter-El ect romot i ve For cen /ztn i ng

Ar r es ter .

D , has one end con nected to ground , and the

o ther end has two conducting pa ths to ground .

O ne of these paths i s through the ordinary comb

p rotector at P,
by the ground pla te E; this Cir

cu it includes a few turns
of w ire C

'

. T he other
pa th is through a corres

pond ing coil C
, either

in terior or exterior to C '

,

so as to be w i thin i ts in

ducti ve field . As w ill be
seen from the figure is4 ,

Fig . 2 7 _ Coun ter 'EleC connected through the

t rmn ot ive For ce n lzt machine to the ground .

n i ng Ar r es ter . T he induction coils C

and C
’

,
are thoroughly insula ted from each

other .

Should a lightn ing flash or other s ta tic discharge
pass” through the c ircui t C '

, w hich is o f compa ra
t ively low self-induction , a coun ter-electromotive
force is produced

'

in the o ther coil C
,
which

p rotects the l ine c ircui t .

In the form of l ightn ing arres ter shown in

Fig . 27, the coil in the pa th of the direc t light
ning discharge is formed in to an exterior mesh or
net work surrounding the dynamo to be pro

tected . In this case, the coils of the dynamo act

as the secondary coi ls in which the coun ter elec
tromotive force is set up.

Arrester , Lightn i ng , T ransformer
—Aformof l ightn ing arres ter des igned for
the protec t ion of transformers .

T he Thomson arrester for tran sformers oper
ates ou the same principle as his arc-l ine pro
tector . In the la tter the are, when formed ,
i s blown out by the action of the field of an

electro-magnet . This arc i s formed on curved
metallic bow s

,
one of whi ch is connected to l i ne

and the other to ear th . T he are is formed a t the

sma l les t in terva l between the bow s , and i s ex t in

gui shed by be ing driven by action of a magnetic
fi eld toward grea test in terva l .

ArresterPl ate of Lightn ing Protector .

(See Pla te, Ar r ester , of n fi tn z
'

flg Pr o

tector .)

Arrester Pl ateS.—(See Pla tes , Ar r ester .)

Art icul ate Speech . (See Speec/z, Ar t i ca

Arti fi ci al Carbons.—(See Ga rbow , Ar t i

fi cz
'

a l .)

Art ifi ci al I l l uminat ion .
—(See I l lumz

'

na

t i on , A

Art ifi ci al Li ne.
—(See L i ne; Ar tzfi cz

‘

a l .)
Ar ti fi ci al M agnet—(See M ag net , Ar t i

fi cz
’

a l .)

Asphyxi a.
—Suspended respira t ion , resul t

ing even tually in dea th , from non-aerat ion of

the blood .

In cases of insensibili ty by an electr ic shock a

spec ies of asphyxia is sometimes brought abou t .
This is due , probably , to the fa ilure of the nerves
and musc les tha t carry on respira tion . T he exact
manner in which dea th by e lec tr ica l shock results
i s not known . (See D ea l /z

, E lectr i c. )

Assymmetr i cal Resi stance—(See Res i st
ance, Asy mmetr i ca l .)

Astat ic.
-Possess ing no d irec t ive power.

Usua lly applied to a magnetic or elec tro-mag
netic device which is free from any tendency to
take a defin ite posi ti on on account of the earth’

s

magnetism.
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Astati c Ci rcui t—(See Ci r cui t , Asta t i c.)

Astatic Coupl e.
-See Coup le, Asta ti c.)

Astati c Gal vanometer .
—(See Ga i t/anom

eter , Asta ti c .)

Astat ic Needle.
—(See Needle, Asta ti c.)

Astatic Pain—(See Pa i r , Asta ti c .)

Astatic System.
—(See Sy stem, Asta ti c.)

Astronomical Mer i di an—(See M er i d i an ,

Astronomi ca l .)
Asymptote of Curve—(See Ca rv e,Asymp

tote qf .)

Atmosphere,An —A un i t of gas or

fluid pressure equal to about 1 5 pounds to the
square inch .

At the level of the sea the a tmosphere exerts a
pressur e of abou t 1 5 pounds avoirdupois, or ,

more accurately , pounds , on every square
inch of the ear th’s sur face . This va lue has there
fore been taken as a un it of flu id pressure.

For more accuratemeasuremen ts pounds to the
square inch are emp loyed .

In the metr ic system of weights and measures

an a tmosphere i s cons idered equa l to t ,o33

grammes per square cen time tre.

Atmospheric pressures are measured by instru
ments ca l led M anometer s . (See M anometer . )

Atmosphere, Resi dual —T he traces
of a ir or other gas rema in ing in a space w h ich
has been exhaus ted of its gaseous contents
by a pump or other means .

It i s next to impossible to remove a ll traces of

a ir from a vessel by any known form of pump or

other appliance. (See Va cuum, Absol ute . )

Atmosphere, The —T he ocean of

air which surrounds the earth .

T he a tmosphere i s , approxima tely , composed ,
by weight, of oxygen 23 parts , and n itrogen 77
par ts . Besides these there are from 4 to 6 parts
in of carbon ic acid gas (or about a cubic
inch of carbon ic acid to a cubic foot of a ir ), and
varying proportions of the vapor of water .

'

l he oxygen , n itrogen and carbon ic acid form
the con stan t ingredien ts of the a tmosphere , the
vapor of water the var iable ingredien t . There
a re in mos t local ities a number of other var iable
ingred ien ts presen t as impu ri ties .

Atmospher i c El ectr ici ty.
—(See Electr i c

i t], Atmosp/zer i c .)

[Ato.

Atmospher ic El ectr ici ty , O r ig in of
—(See Electr i ci ty , Atmosp/zer i c , O r ig i n of .)

Atom.
—T he smalles t quan t ity of elemen

tary or s imple ma t ter tha t can ex is t .
An ul tima te particle of ma t ter.

Atom means tha t which cannot be cut . It is

genera lly bel ieved tha t materia l a toms are abso

lutely una lterable in size, shape , weight and den
s i ty ; tha t they can neither be cut, scra tched ,
flattened , nor dis torted ; and tha t they are un

affected in s ize
,
density , or shape , by hea t or

cold , or by any known phys ica l force .

Although a lmost inconceivably sma ll , a toms
nevertheless possess a defin ite s ize and mass.

According to S i r William Thomson , the sma lles t
visible organic part ic le, i 4000 of a millimetre in
diameter , w i l l con ta i n about a toms.

Atom, Cl osed-M ag net ic Ci rcu i t of

(See Ci r cui t , Closed-M ag net i c , of Atom.)

Atom, Gramme —Such a number
of grammes of any elementary subs tance as is
numerical ly equal to the a tomic weight of

the subs tance.

T he gramme-a tom of a substance represen ts
the number of ca lor i es requi red to ra ise the tem

perature of one gramme oi tha t subs tance through
1 degree C . (See Hea t , Atomi c. Ca lor ie. ) Thus ,
in the case of chlor ine, whose atomic w e ight i s

i ts gramme-a tom i s consequen tly
sma ll ca lor ies of hea t would be requ ired to

ra ise one gramme-atom of chlorine through 1

degree C .

Atom of El ectr i ci ty.
—(See Electr i ci ty ,

Atom of .)

Atom, Vortex —Anumber of part icles
of the un iversal ether moving in the manner

of a vortex ring .

T he theory of vortex a toms, so formed £rom
vortex r ings , was propounded by -Sir Will iam
Thomson in order to explain how a readily mov .

able subs tance, l ike the un iversa l ether, could be
made to possess the properties of a r igid solid . If

i t be gran ted that a vortex motion has once been
impar ted to the un iversa l ether, Thomson show s
tha t such r ings would be indes tructible . (See

M a tter , TIxomson
'

s Hypothes i s of .)

Atomi c Attraction. (See Attra ct i on ,

Atomi c.)
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Atomi c Capac i ty.
—(See Capa ci ty , Atom

i c.)

Atomi c Currents—(See Cur r en ts , Atom

Atomic Energy .
—(See Energy , Atomi c.)

Atomi c Heat —(See Hea t , Atomi c.)

Atomic or M ol ecul ar Induced Currents.

—(See Cur rents , Induced , M olecula r or

Atomi c.)
Atomi c Weigh t—(See Wezg lzt , Atomi c .)

Atomi ci ty .
—T he comb in ing capaci ty of

the a toms .

T he rela t ive equivalence of the a toms or

their a tomic capac ity.

T heelemen tary a toms do not a lways combine
a tom for atom. Some s ingle a toms of cer ta in
elements w il l combine w ith two, three , four, or
even more atoms of another elemen t.
The value of the a tomic capacity of an a tom i s

a lso ca lled i ts quan tioa lence or v a lency .

Elemen ts whose a tomic capaci ty is
O ne, are called M onads

,
or Un iva len t.

T wo, Dyads, B iva lent.
Three, Tr iads , Triva lent.
Four, Tetrads, Quadriva lent .
Five, Pen tads , Qu inqu iva len t
Six ,

Hexads , Sexivalen t .
Seven ,

Heptads , Septivalen t.

Atomi zation .
—T he act of obtain ing l iquids

in a spray of finely div ided part icles .

In most cases the term is not l itera lly correct,
as-each of the sma llest particles so obta ined usu

a lly consist of many thousands of atoms .

Atomi ze.
—To separate in to a fine spray by

means of an atomizer. (SeeAtomi zer .)

Atomi zer .
—An appara tus for readily oh

ta ining a finely div ided jet or spray of l iquid .

Ajet of steam,
or a blast of a ir

,
is dr iven across

the open end of a tube tha t dips below the sur face
of the l iquid to be a tomized . T he partia l vacuum
so formed draw s up the l iquid , which is then .

blown by the curren t into a fine spray .

Attract.—T o draw together.

Attrac ted-Di sc El ectrometer .
— (See

'

Elec

tr ometer , Attr a cted-D i sc .)

Attract i ng .
—Draw ing together.

[AtL

Attract ion .
-Litera lly the act of drawing

together.

-In sc ience the name attraction is given to a

series of unknown causes w hich efiect, or are as

sumed to cflect, the drawing together of atoms,
molecules or masses .

Attraction and repulsion under lie near ly all

natura l phenomena . While their effects a re well
known , i t i s doubtfu l i f anything is defin i tely
known of their true causes .

Since a ttraction , pure and s imple, necessitates
the bel ief in action a t a distance, an action which
i s now genera l ly discredited , we mus t, strictly
speaking , regard the term a ttraction as being but
a conven ien t substitution of the efiect for the

cause .

I t would appear much more rea sonable to-re

gard the effects of attraction as produced by a

tr ue push exerted from the ou tside of the bodies .

According to this notion , two masses of ma tter
undergoing attraction are pushed together rather
than

,

drawn or a ttracted together .

It has been suggested tha t gravitation may per

haps be a n effect of a longi tudin a lmotion or vibra
tory thrust in the un iversa l ether . I f this i s the
case , and the ether i s sen sibly incompress ible , the
veloc ity of gravitation , i t would appear , should be
a lmos t infin ite.

Attraction , Atomi c T he a ttraction
wh ich causes the a toms to comb ine . (See
Afi nz

’

ty , Cfiemi ca l .)
In the opin ion of Lodge, a tomic a ttrac tion i s

the resu lt of the attraction of diss imilar charges of
electr icity possessed by al l a toms , which a re capa
ble of un i ting or enter ing in to chemica l combi
nation . (See Electr i ci ty , Atom of . )

Attraction , Cap i l l ary -T he molec

ular a ttrac t ions tha t are concerned in

cap il lary phenomena. (See Cap i l la r i ty .)

Attract ion , El ectro-Dynami c —T he
mutua l a ttraction of elec tric curren ts , or of

conduc tors through wh ich elec tric curren ts
are pass ing . (See Dy nami cs , Electra.)

Attract ion , El ectro-M agnet ic T he

mutual a ttraction of the unl ike poles of

elec tro-magnets . (See M ag net , Electr a. )

Attract ion , El ectrostat ic —T he
mutual a ttract ion exerted between un l ike
elec tric cha rges , or bod ies posses s ing un l ike

e lec tric charges .
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For ex ample, thep ith ba ll supported on anih

s ula ted string i s a ttracted , as shown atA, Fig . 28,

my . 28. E’
ect r osta tic Fig . 29 Electr os ta t ic

Attra ct ion . Repu ls ion .

‘

by a bit of sulphur which has been briskly rubbed
b y a piece of s ilk . As soon ,

however , a s the ba l l
t ouches the sulphur and receives a charge, i t i s
zrepel led , as shown at B , Fig . 29.

These a ttrac tions a r (1 repul s ions are due to the
-efiects o f el ectr osta ti c induction . (See Induction ,

E lectros ta t i c. )

Attr act ion , M agneti c —T he mutua l
a ttrac tion exerted between unl ike magnet
poles .

M agnetic attractions and repuls ions are best
s hown by means of the magnet i c needle N S,

-Fig . 30. T he N . pole of an approached magnet

Fig . 3 0. M ag net ic Attr a c t ion .

a ttracts the S. pole of the needle but repels the
-N. pole.

T he laws of magnetic a ttraction and repuls ion
_

m ay be stated as follow s, v iz
( I . ) M agnet poles of the same name repe l each

o ther ; thus , a north pole repe ls another north
p o le, a south pole repels another south pole .

[Aun

M agnet poles of unl ike names attract
”

each
other ; thus a north pole
a ttracts a south pole

,
or

a sou th pole a ttracts a

north po le.

Asma l l ba r
-

magnet, Fzg . 3 1 . Floa t i ng

NS, Fig . 3 1 , laid on the M ag net .

top of a light vessel floa ting on the surface of a

l iquid , may be readily employed to i llustra te the
laws of magnetic a ttraction and repuls ion .

Attract ion , M ass T he mutua l at
tract ion exerted between masses of ma tter.
(See Gr av i ta t i on .)

Attract ion , M ol ar —A term some

times employed for mass a ttract ion .

Gravita tion i s an example of mass a ttraction ,

Where the mass of the ea rth a ttrac ts the mass of

some body placed near i t . (See Gr a v i ta t i on . )

Attracti on , M ol ecul ar —T hemutual
a t trac t ion exerted between neighboring

molecules .

T he a ttraction of l ike molecules
,
or those of the

same kind of ma tter , i s ca lled Cones ion tha t of

un like molecu les ,Ad/zes ion .

T he ten sile s trength of iron or steel is due to

the cohesion of i ts molecules . Pa in t adheres to
wood , or ink to paper , by cohesion or the a ttrae
tion between the un l ike molecules .

Attraction of Gravi tation.
—Aterm gen

era l ly appl ied to the mutua l a ttract ion be

tween mas ses . (See Gr a v i ta ti on .)

Attract ions and Repul s ions of Currents.
—(See Curr en ts ,Attr a cti ons a nd Repulsi ons

Audiphone.
—A th in p la te of hard rubber

held in con tac t w i th the teeth , and ma in ta ined
at a certa in tens ion by s trings a t tached to one

of its edges , for the purpose of a id ing the

hearing .

T he pla te i s so held tha t the sound-waves from
a speaker ’s vo ice impinge directly aga ins t i ts fla t
sur face. It opera tes by means of Some of the

w aves be ing tran smi tted to the ear dir ectly
through the bones of the head .

T he audiphone i s sometimes called a den t i

pkone .

Aural El ectrode.
—(See Electr ode,Aur a l .)

Aurora Austral i s.
—T he Southern Light .

“

Aname given to an appearance in the south
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em heavens s imilar to tha t of the Aurora

B orea l is . (SeeAuror a B or ea l i s .)

Aurora B oreal i s.—T he Northern Light .

Luminous sheets , columns , arches , or pillars

of pa le , flash ing light , genera l ly of a red color ,

s een in the northern heaven s .

T he aurora l light assumes a grea t var iety o f ap

pearances , to which the terms a ur or a l a r c/i , ba nds ,

coroner , cur ta in s and s treamer s are applied .

T he exact cause of the aurora i s not as y t t

known . It would appear , how ever , beyond any

reasonable doubt, tha t the aurora l flashes a re due
to the passage of electr ica l discharges through the
upper , and therefore rarer , regions of the a tmos

phere .

‘

T he intermitten t flashes of l igh t a re prob
ably due to the discharges being influenced by the
earth’s magnetism.

Auroras are frequen tly accompan ied by mag

net i c s torms . (See Storm,
M agn et i c . )

T he occurrence of auroras is nearly a lways
s imultaneous w ith tha t of an unusua l number of

s un spots . Auroras are therefore probably con
nected W i th outbursts of the solar energy . (See

Spots , Sun . )
T he auroral l ight exam ined by the spectroscope

gives a spectrum character istic of luminous ga seous
ma tter , i . e con ta in s a few br ight lines ; but, a c
cording to S. P. Thompson , this spec trum i s pro
duced by ma tter tha t is not referable w ith cer

ta inty to tha t of any known substance .

Wha tever may be the exact caus e. of auroras ,

their appearance i s a lmost exactly reproduced by
the passage of electr ic discha rges through vacua .

Aurora Pol ar i s—A general term some

times a ppl ied to aurora in the neighborhood
of either pole, or in either the northern or

the southern hemis phere .

Aurora l Arch . (See Ar ea, Aur or a l .)
Auroral B ands—tSee B a nds , Aur oral .)
Auroral Comma—(See Cor ona , Au

r or a l .)

Auroral Curta i n .
—(See Cu r ta i n

, Au
r or a l .)
Auroral Fl ashes—(SeeFla s/zes ,Aur or a l .)
Auroral Li ght n /zt , Aur or a l .)
Auroral Storm—(See Storm , Aur or a l .)
Auroral Streamer .

-
\See Str eamer

, Au

r or a l .)
Auroras and M agnet i c Storms, Per i

[Aut.

(See Ala rm, .

(See

odi ci ty of —O bserved coinc idences be
tween the occurrence of auroras , magnetic
s torms , and sun-spots .

T he occurrence of auroras , or magneti c storms ,
a t pe r iod s of abou t eleven years apart, corre

sponds to the wel l-known eleven-y ear sun-spot

p er iod .

T he per iod a lso agrees w ith a var iation in the

magnetic dec lination of any place, which , accord
i ng to Sabine, occurs once in every eleven years .

Austral M agnet i c Pol e.
—(See Pole, M ag

a

net i c , Austra l .)
Autograph ic Tel egraph y. (See Teleg

r ap/ty , Autog r apni c .)

Automat ic Annunci ator Drop . (See .

D r op , Annunci a tor , Automa ti c . )
“ Automati c B el l .—

,
See B el l , Automa t i c

E lectr i c .)

Automatic Contact B reaker .
—(See Con ~

ta ct B r ea ker , Automa t i c.)

Automati c Cut-Out . —(See Cut-O ut , Au-fl
toma ti c.)
Automati c Cut-Out for M ul tipl e

-Connect i

ed El ectro-Recepti ve Devi ces—(See Cut

O ut , Automa t i c , f or M ul tzLole-Connected
“

Electr a-Recep ti v e D ev i ces .)

Automat ic Cut-O ut for Ser i es-Connected
El ectro-Recept i ve Devi ces.—(See Cu t-O ut ,
Automa t i c , f or Ser i es Connected Electr a-Re»

cept i v e D ev i ces .)

Automat i c Drop
—(See D r op , Auto

ma ti c .)

Automat ic El ectr ic B urner .
—(See B ur n ~

er , Automa t i c E lectr i c.)

Automat i c El ectr i c Safety System for

Rai l roads—(SeeRa i lr oads ,Aatoma t i cElec~

tr i c Saf ety Sy stemf or .)

Automat ic Fi re-Al arm.

F i r e, Automa ti c .)
Automat i c Gas Cut-0fi’.— (See Cut-Of t

Automa ti c Ga s .)
Automat i c Ind i cator .

Automa t i c .)

Automat ic M ake-and-B reak .
—(SeeM a t e;

a nd-B r eak , Automa t i c.)
Automat ic O i l er .

—(See O i ler ,Automa t ia h
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B .

‘W. G. )

B . W. G.
-A con trac t ion for Birmingham

w ire gauge. (See Ga ug e, B i rming ham

Acontrac t ion somet imes used for the new

B ritish w ire gauge.

B ack El ectromot i ve Force—(See For ce,

E lectromoti v e, B a ch .)

B ack-Strok e of Lightn i ng
—(See L igh t

n i ng , B a ch-Stroke of .)

B a i n
’

s Chemi cal Recorder .
—(See Re

corder , Chemi ca l , B a i n
’

s .)

B aiu
’
s Pr int i ng Sol ut ion

—(See Solut i on ,

B a i n
’

s Pr i n t i ng .)

B al ance Arms—(See Arms , B r i dg e or

B a la nce.)

B al ance, Ri-fi l ar Suspension An

ins trumen t s imilar in cons truc tion to Cou

lomb ’

s tors ion balance, but in w hich the

needle is hung by two separa te fibres ins tead
of by a s ingle one. (See B a la nce, Coulomh

’

s

T or s i on . Suspens i on , B i-fi la r .)

B al ance, Centi-Ampere —’

An am

meter in the form of a ba lance , w hose sca le is

gradua ted to g ive d irec t readings in cen t i
amperes .

Ampere balances giving readings in var ious
dec ima ls or mul tiples of amperes have been de
vised by Sir Willi am Thomson . T he s trength of

c urren t passing i s determined by the action on a

movable r ing or coil , placed between two fixed
r ings or coils .

T he movable r ing is
_
in a horizon ta l plan e

n early midway between the two fixed r ings .

The fixed r ings are traversed by the curren t
in opposi te directions , so tha t one a ttracts
a nd the o ther repels the movable r ing . T he

movable ring i s a ttached to one end of a hor izon
tal ba lance arm, and a s imilar movable r ing , a lso
provided w ith a ttracting and repell ing fixed r ings ,
i s attached to the opposite end of the balance arm.

In order to avoid dis turbance of hor izon ta l com

ponents of terrestrial , or of loca l magnetic force,
the current is sen t in the same direction through
the twomovable r ings . T he ba lancing is effected
by means of a weight, sl iding on a nearly hor i
z ontal arm a ttached to the ba lance . Acoun ter
poise

.

weight i s u sed in connection w ith the sliding
w eight;

[B a].

A s tandard Thomson cen t i ampere balance

i s shown in Fig . 33 . In measuring a current ,

F222 3 4 . Coulomb
’

s Tor s ion B a la nce.

Fig . 34 represen ts a Cou lomb tors ion ba l .

ance
,
adapted to the measuremen t of the force

Fig . 3 3 . Cen t i-Amf er e B a la nce.

the weight i s move d a long th e sca le un til the
balance comes to rest .

B al ance, Composi te —A balance
form of ammeter dev ised by SirW illiam Thom

son , w h ich can be used for an ampere-meter, a

wat t-meter, or a vol t-meter , accord ing to the

manner in w h ich its sets of fine and coarse

w ire coils a re connec ted . (See B a la nce,

Centi-Ampér e.)

B al ance, Coul omb
’
s Torsion —An

a pparatus to measure the force of elec tric or

magnet ic repuls ion between two s imilarly
charged bod ies , or betw een two s imilar mag

net poles , by Oppos ing to such force the tor

s ion of a th in w ire .

T he two forces ba lan ce each other hence the
ori gin of the name.
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o f electrostatic repulsion . A del ica te needle of connected as shown , Aand B , in the circu i t of a
s hellac , having a sma ll gilded pith ba ll at one of battery , and C and D

,
in the circu it of a telephone:

i ts ends, i s su spended by a fine meta ll ic w ire. A T he coils, Aand B , and C and D , are placed a t

p r oof -p lane , B ,
i s touched to the electr ified surface

Whose charge is to be measured , and is then

p laced as shown in the figure . (See Plane, Pr oof . )
There i s a momentary a ttrac tion of the needle ,
a nd then a repu ls ion, which causes the need le to
be moved a cert a in dis tance from the ba l l on the

proof-plane . This distance is measured in degrees
o n a gradua ted c ircle a a , marked on the in ~ tru

men t. T he force of the repuls ion is ca lculated by
d etermining the amoun t of tors ion required to
move the needle a certa in distance toward the
ba ll of the electr ifi ed proof-plane .

This torsion is ob ta ined by themovemen t of the
t or s i on head D , the amoun t of which motion i s
measur ed on a gradua ted c ircle at D . T he

mea surement i s based on the fac t tha t the force re

quired to tw is t a w ire i s proportiona l to the angle
o f tors ion .

B al ance, Deci-Ampere —Ah ammeter
i n the form of a ba lance , w hose sca le is

gradua ted to g ive d irect read ings in dec i
amperes . (See B a lance, Cent i -Ampere.)

B al ance, Deli a-Ampere —An am

meter in the form of a balance, w hose
'

scale is

g radua ted to g ive direc t readings in deka
amperes . (See B a lance, Cent i—Ampere.)

B al ance, El ectr ic —A term fre

q uen tly used forW heats tone
’

s electric bridge.

(See B r idg e, Electr i c .)
T he electr ic br idge is sometimes called a balance

because, when in use in measur ing res istances ,
one resistance or set of res is tances ba lances an

o ther resistance or set of resistances .

B al ance, Hek to-Ampere —An am

meter in the form of a ba lance , whose s ca le

is graduated to give d irec t read ings in hekto
amperes . (See B a la nce, Centi-Ampere.)
B al ance Indicator.

-(See Indi ca tor , B a l

a nce. )

B al ance, Induct ion , Hughes
’

An
'

appara tus for the detec t ion of the presence
of a meta l l ic or conduct ing subs tance by the
a id of induced elec tric currents .

Hughes
’ induc tion balance i s shown in Fig . 35 .

A, B ,
C and D are bobbins , wound w ith abou t

300 fee t of No . 32 copper wire . T he coils-are

such a distance apar t as to preven t any mutual
induction occurring be tween them. T he coi ls
are so joined tha t the direction of the induction
of A

, on C , i s oppos ite to tha t of B , on D .

T he coils ,Aand B , then act as primaries , and C
and D , a s secondar ies . In the ba ttery circui t is an
in terrupter I , which is caused to con tinual ly make
and break th e circui t.
T he coils are so adjusted tha t the oppos ing

secondary coi ls produce but l ittle noise to one

l isten ing at the telephone. This can readily be
done by the adjusting of a single pa ir of coi ls .

If a sing le com or mass of meta l be introduced
between ei ther A and C , or B and D , or even
above one of the coils , as a t d , the ba lance
w il l be disturbed , since some of the induction is
now expended in produc ing elec tr ic curren ts in
the interposed meta l , and a sound w il l therefore
be heard in the telephone. B ut i f precisely s imilar
metals a re placed in s imilar pos i tions , between A
and C

,
and B and D , no sound is heard in the

telephone, s ince the inductive effects due to the
two meta ls are the same .

T he slightest difi
’

er ence, however , either in
compos ition , size or posi ti on , des troys the ba lance ,
and causes a sound

'

to be heard in the telephone.

Aspur ious coin is thus readily detected when
compared w ith a genui ne coin .

Asomewha t s imi lar instrument has been em

ployed to detect and locate a bullet or other for .

eign meta llic substance in the human body .

In order to determine the amoun t of the dis
turbance, an instrumen t called a sonometer is
used (See Sonometer , in which a s ingle
secondary co il , pla ced in the c ircui t of a telephone ,
sl ides on a graduated bar between two fixed
primary coils , so wound as to exer t equa l and op

posi te inductions on the secondary . When , there
' fore , the secondary is exactly in the m iddle o f the
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gradua ted bar , and consequen tly ex actlymidway
between the two fixed primary coils , no sounds are
hea rd in the telephone, but when moved to one

s ide or the other the sounds are heard . Sw itches
are so arranged that the telephone can be readily
sw i tched from the induction ba lance to the tele
phone, or v i ce v er sa . When , therefore, a meta llic
disc i s placed in one of the coils of the induction
balance, and a noise i s heard in t he telephone,
the coi l of the sonometer is shi fted so tha t the
noise heard in this telephone is judged by the
ear to be equa l , and the compar ison can then be
made by means of simple calculations .

T he follow ing table gives , in arbitrary values ,
the resul ts of various experimen ts as to the sen s i
tiveness in this respect of discs of differen t
metals, of var ious s izes and shapes

Si lver, chemically pure
Gold
Silver , commercial .

Copper
Zin c
Bronze .

T in

Iron, ordinary .

German

Iron , pure
Copper , alloyed
Lead
An timony .

B ismuth
Zinc , a lloyed

An inspection of this table shows tha t the va lues
found for different meta ls do not correspond w i th
their electric conducting power , a lthough , roughly
speaking, the best conductors stand a t the top of

the table, and the worst a t the bottom. T he

effects appear to be dependen t for their action on

the phenomena of magnetic screen ing, for

( I . ) If slots a re cut in the middle of the plate
i ts disturbing action is either removed or very
much decrea sed .

If a fla t coil of copper w ire replaces a disc
of me ta l no effect is produced on the induction
balance when i ts ends are open

,
but when c losed

the coi l acts jus t like a disc
,
or con tinuous pla te

of meta l .
The difference between var ious metals in

serted as discs in the inducti on ba lance is less at .

high Speeds of reversa l than a t low speeds.

B al ance, Ki l o-Ampere —An am

meter in the form of a balance, w hose sca le is

gradua ted to g ive d irec t rea dings in kilo-am
peres . (See B a la nce, Cen ti-Amper e.)

B al ance of Induction i n Cabl e.
—(See

I nduct i on , B a lance of , i n Cable.)

B al ance, Pl at i ng
—An automa tic.

dev ice for d isconnecting the curren t from
the article to be pla ted , as soon as a certa in
increase in w eight has been obta ined .

T he objects to be plated are suspended a t one

end of a balance , and wh en a cer ta in increase in
weight has been ga ined , the ba lance tip s and

breaks the c ircui t. Edison ’

s electr ic meter i s
based on th is princip le.

B al ance, Thermi c, or B ol ometer .
—An

appara tus cons truc ted on the principle of the

differen tia l ga lvanometer, dev ised by Professor
Langley for determin ing sma l l d ifferences of

tempera ture . (See Ga lva nometer , D gfi
’

er en

tz
'

a l .)
A coil composed of two separately insula ted

w ires , wound together, is suspended in a mag

netic field , and has a curren t sen t through it .
Under norma l conditions , this curren t separa tes
into two equa l parts , and runs through the w ires
in opposi te direction s .

'

It therefore produces no

sensible field , and suffers no deflection by the field
in w hich it i s suspended .

Any loca l application of heat producing a dif
ference in tempera ture in these coi ls , causing a

difference in res istance, preven ts this equa lity . A
field is therefore produced in the suspended coil ,
which , though extremely sma l l , is rendered meas

urab
l
e by means of the power fu l field produced

in the coil , w ithin which the double coi l i s sus

pended .

D ifferences of tempera ture as sma ll a s one

fourteen thousandth of a degree Fahrenheit are
detected by the instrumen t.

B al ance, Wheatstone
’
s El ectr ic - A

name often gi ven to the electric bridge or

balance . (See B r i dg e, Electr i c .)
B al anced-M etal l ic Ci rcui t—(See Ci r cui t ,

B a la nced-M eta l l i c .)
B al anced Res i stancea—(See Reszlttances ,

B a la nced .)



B al .]

B al ata—An insula t ing ma terial.
Balata ,

when prepared for use as an insula ting
materia l , i s somewha t l ike gutta-percha .

B al l , El ectr i c T ime —A ba ll , sup

ported in a prominen t pos it ion on a tal l pole ,

and caused to fall a t the exac t hour of noon ,

o r at any other predetermined t ime, for the
purpose of thus giving correc t t ime to an

e nt ire neighborhood .

T he release of the ba ll i s effected by the closing
o f an elec tr ic circu it , ei ther automatically , or

through the agency of an observer .

B al l , Fi re —A term somet imes ap

p l ied to globular l ightn ing . (See n /ztn i ng ,

B al l Ligh tn i ng. (See n /ztni ng , B a l l .)

B al l i stic Curve—(See Curr/e, B a l l i s t i c .)

B al l i stic Gal vanometer .
—(See Ga lv a

nomel er , B a l l i st i c . )

B al l oon ,
El ectr i c —A ba lloon , or

a ir ship , prov ided w ith electric pow er so as

to be able to be s teered or moved aga ins t the
d irec t ion of the w ind .

Electric bal loons have been moved aga ins t the
w ind and s teered w i th a cer ta in amoun t of success

,

by the use of electric motors dr iven by storage
batter ies . Al l tha t i s needed to make aeria l navi

gation a commercia l succes s is the abil ity to oh

ta in grea t power w i th a sma l l weight . T he storage
ba ttery does this to a limited exten t .
Bearing in mind the high efficiency of the elec

tr ic motor , i t would appear tha t the problem of

successfu l aer ia l navi ga t ion w il l be solved when
the discovery i s made of mean s for directly con
v erting the chemica l po ten tia l energy of coa l in to
electr ica l energy .

B al loon Signal ing for M i l i tary Pur

posea
—(See S igna l ing , B a l loon , f or M i l

i ta ry Purposes .)

B al l s, Pi th Two ba l ls of pith , sus

pended by conduc t ing threads of cotton to

insula ted conductors , emp loyed to show the

elec trifica t ion of the same by their mutua l
repuls ion .

T he pith ba lls connected w ith the insula ted
cyl inderAB ,

Fig . 36 , not on ly show the elec tri

fi cation of the cylinder , but serve a lso to roughly
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indica te the pecul iarities of distribu tion of the

charge thereon .

Fig . 3 6 . Fi l l: B a l l Cy l i nder .

—Omn ibus bars . (See

B ands , Auroral Approx ima tely
para llel s treaks of l ight somet imes seen

during the preva lence of the aurora . (See

Auror a B or ea l i s .)

B ank of Lamps.
—(See Lamps , B a nk of .)

B anked B attery .
—(See B a ttery , B anned .)

B ar , Detors ion —Abar placed in a

magnet ic ins trumen t ca lled a decl inometer for
the purpose of remov ing the tors ion of the

suspend ing thread of the magnet .

T he detors ion ..a r o f the decl inometer is gen
era ll y made of gun meta l of the same w eight as
tha t of the suspended magnet. Asma ll magnet
i s placed in a rectangular aperture in the middle
of the b ar .

B ar El ectro-M agnet .
—(See M ag net ,

Electr o, B a r . )

B arad.
—A uni t of pressure proposed by

the B rit ish As soc ia t ion .

O ne barad equa ls one dyne per square cen ti
metre .

B arometer .
—An apparatus for measuring

the pressure or weight of the a tmosphere .

B arometr ic Col umn .
—(See Column , B a ro

metr i c .)

B ars , B us

B a r s , Omn i bus .)

B ars, Kr i z ik
’
s —Cores of various

shapes , prov ided for solenoids , in w h ich th e

dis tribut ion of the meta l in the bar is so pro
port ioned as to insure as nearly as poss ib le a

un iform a ttrac tion or pul l while in diff eren t
pos itions in the solenoid .
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Krizik ’s bars of various shapes are shown in
'

Fig. 37. It w il l be observed tha t in al l cases the

Fig . 3 7 . Kr i z z
’

k
’

s B a r s .

mass of metal i s grea ter toward the middle of

the core than near the ends .

When a core of un iform diameter i s drawn in to
a solenoid , the attraction or pull i s not un iform in

streng th for differen t posi tions of the bar . When
the bar i s just en ter ing the solenoid , the pul l i s
strongest ; a s soon as the end passes the middle of

the core the a ttraction decreases , un til, when the

cen tres of the bar and core coinc ide , the motion
ceases , s ince both ends of the soleno id a ttrac t
equa lly in oppos ite direc tions . By proportion ing
the bars , as shown in the figu re , a fa i rly un iform
pu ll for a considerable length may be obta ined .

B ars , Negat i ve-Omn ibus -T he

bus-bars tha t are connec ted w ith the nega tive
terminal of the dynamos . (See B a rs , Omn i

bus .)
B ars, Neutral-Omn i bus —T he bus

bars tha t are connec ted w i th the neutra l
dynamo terminal in a three-w ire sys tem of

dis tribut ion .

B ars , Omn ibus —Heavy bars of con

duct ing ma teria l connected direc tly to the

poles of dynamo-electric machines , in elec tric
incandescen t l ight or electric ra ilway ins tal la
t ions , and therefore receiving the entire current
produced by the mach ine .

M a in conduc tors common to two or more

dynamos in an elec trica l genera ting plan t .
T he terms bus and omn ibus bars refer to the

fact tha t the en tire or w hole curren t i s carr ied by
them .

B ars , Pos i ti ve-Omn i bus —T he bus
bars tha t are connec ted w ith the pos itive
terminal of the dynamos .

B ath , B i
-pol ar —An elec tro-thera

peut ie ba th , the curren t appl ied to w h ich
en ters at one part of the tub , and leaves at

another part .

[Bate
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g o n e

T he electrodes for the bip olar ba th consist of
su itably shaped copper pla tes , genera lly ca lled
s hov el el ectrodes .

B ath , Copper An elec trolyt ic ba th
con ta in ing a readily elec trolyzab le solut ion
of a copper sa lt , and a copper p la te ac ting as

the anode, and p laced in the l iquid near the

objec t to be elec tro-p la ted , w hich forms the .

ka thode. (See Pl a t i ng , Electro.)
T he sulphate, the cyan ide and the aceta te of cop

per are u sed for copper ba ths . T he use of the sul

pha te i s objectionable . T he cyan ide i s expen sive .

T he aceta te i s therefore very genera lly employed .

Wahl gives the follow ing formula for a copper
b a th

,
v iz

Wa ter
Aceta te of copper , crysta l
l ized . 20

Carbona te of soda 20

B isu lphite of soda 20

Cyan ide of potass ium (pure) 20

B ath , El ectro-Pl at ing —Tanks con
tain ing meta l lic solut ions in w h ich articles
are p laced so as to be elec tro-plated . (See.

Pl a t i ng , Electr a .)
Str ictly speaking a pla ting ba th includes not

on ly the vessel and i ts meta llic solution , bu t a lso
the meta l lic pla te ac ting as the anode and the

ar tic le to be pla ted form ing the ka thode .

B ath , El ectro-Therapeuti c —Aba th .

furn ished w ith su itable elec trodes and used

in the appl ica tion of electricity to curative
purposes .

Such ba ths should be used on ly under the advice
of a regular physician.

B ath , Gol d —An elec trolytic ba th
conta in ing a readily elec trolyzab le solution oi

'

a gold sa l t and a gold p la te ac t ing as the .

anode , and p laced in the l iquid Oppos ite the

objec t to bep la ted , which forms the ka thode. .

(See Pla t i ng , Electr a.)
Electro gi lding may be accomp tis l i ed e i ther w i th .

or Withou t the a id of hea t. Hot gilding appears .

to g ive a smoother and cleaner depos i t.
T he follow ing i s a fai rly good solu ti on for a .

gold ba th
Wa ter
Cyan ide of potassium, pure
Gold
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The gold is firs t conver ted in to neutral chloride T he double cyan ide of s ilver and potassium

by dissolving i t in 25 par ts of pure hydrochlor ic i s the sa l t usua lly employed in the s ilver ba th .

acid to which 12. 5 par ts of pure n itr ic acid has T he fol lowing ba th is recommended by Rose
been added . When the gold is completely d is leur
solved , the l iqu id is hea ted un til of a dark red

color , in order to expel any excess of ac id .

B ath , Head, El ectr i c —A variety
of elec tric breeze, app lied therapeutica l ly to
the head of the pat ien t .

T he pa tient i s placed on an in sulating stool and
connected w ith one pole of an electrosta tic induc
tion ‘

machine, the other pole of which is con

nected to a circle of insula ted poin ts suspended
over the head .

B ath , Hydro-El ectr i c —A ba th in

w h ich elec tro-therapeutic trea tmen t is g iven
by applying one electrode to the metal l ic l in ing
of the tub , and the other electrode to the body
of the ba ther.

B ath , M ul ti pol ar-El ectr ic —An
electro-therapeut ic ba th , in w h ich more than
two electrodes are employed .

It is not c lear tha t the multipolar-electr ic ba th
possesses any decided advan tages over the bip olar
ba th .

B ath , Ni ckel —An electrolyt ic ba th
contain ing a rea d ily electrolyzab le sa lt of

n ickel , a p late of n ickel act ing as the anode
of a battery and p laced in the l iquid near the

object to be coa ted , w h ich forms the ka thode .

(See Pla t ing , Electr a.)
T he double su lpha te of n ickel and ammon ium
(from 5 to 8par ts dissolved in 100 parts of w a ter )
is used for the bath. Some prefer to add

sulpha te of ammon ium and c i tric acid to the above
solution .

B ath , Shower , El ectr i c —Ashower
bath in wh ich the fa l ling drops carry electric
charges to the pa tien t subjected thereto.

T he w a ter i s rendered slightly a lkal ine . O ne

pole i s immersed in the a lkal ine w a ter and the

other connected to a meta ll ic stool on which the
pa tien t is placed .

B ath , Si l ver —An electrolyt ic ba th
containing a readily electrolyzable sa l t of

s ilver and a pla te of s ilver acting as the

anode of an elec tric source and p laced in the
l iquid near the objec t to be coa ted , wh ich
forms the ka thode . iSee

” la t i ng , Electra.)

x ,ooo parts .

Cyan ideof po tass ium (pure) 50

Pure si lver 25

T he s ilver (granulated ) is trea ted w i th pure ni tr ic
ac id (43 degrees Beaume) and converted in to
n itra te of s il ver . T he solu tion is then hea ted to
drynes s and subsequen tly fused . T he fused n i tra te
so obta ined i s dissolved in fi fteen t imes i ts w eigh t
of distilled w a ter and treated w i th a solution of

cyan ide of po tass ium ( 10 pe r cen t . of the cyan ide),
by means of which s ilver cyan ide is thrown down
as a prec ipita te . This prec ipita te i s then sepa

ra ted and w ashed . It i s added to the parts
of w a ter , dissolved , and the cyan ide of potas sium
a fterw ard added

,
thus forming the double cyan .

ide requ ired for the bath .

B ath , Str ipping Aba th for remov
i ng an elec tro-plat ing of gold , s ilver, or other
meta l , either by s imp le dipping or by electric
ac t ion .

B ath , Ung i l ding —As tripp ing ba th
suitable for the remova l of a coa t ing of gold .

(See B a t/z, Str ipp i ng .)

B ath , Un i pol ar-El ectr i c An elec tro
therapeutic bath , the wa ter of wh ich forms
one of the elec trodes of the source, and the

other elec trode is a t tached to a meta ll ic rod

fi xed a t a conven ient height above the tub .

T he ba th tub i s formed of non -conducting sub

s tances . T he termina ls of the elec trode con

nected w i th the wa ter terminate in meta l plates
loca ted at su i table poin ts in the tub . T he cur

rent is applied by the pa tien t making and bre ah

ing contact at the ver tica l meta l rod w i th his

hands.
T he un ipolar-e lec tric bath is employed i nstead

of loca l ga lvan ization where i t is des ired to limi t
the applica tion to especial organs or particular
parts of the body . In genera l ga lvan iza tion the
pa tien t i s placed on an electrode of large sur

face, formed of a la rge sponge-covered meta l lic
plate

,
on which he s i ts or res ts . This electrode is

connected w ith the ka thod e of the ba ttery . T he

anode is connec ted w i th a la rge sponge electrode ,

which i s moved regularly over the body of the

pa tien t ; some times the moistened hand of the

Opera tor is used in place of the Sponge electrode.
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B ath , Unsi l ver ing
—As tripping bath

s uitable for the remova l of a coa t ing of s ilver.

(See B a t/z, Str ipp i ng .)

B athometer .
—An ins trumen t inven ted by

Siemens for obta in ing deep-s ea sound ings

w ithout the use of a sounding l ine.

T he ba thometer depends for its opera tion on

the var ied a ttrac tion of th e earth for a suspended
w eight in parts of the ocean differing in depth .

As the vessel passes over deep por tion s of the

o cean, the solid land of the bottom, being further
from the ship, exer ts a sma ller a ttraction than i t
would in shallow pa rts

,
where i t i s nearer ; for ,

a lthough in the deep pa rts of the ocean the w a ter
l ies between th e sh ip and the bottom the sma ller
dens ity of the w ater as compared W i th the land
causes i t to exer t a sma ller attraction than in the
shallower par ts , w here the bottom i s nearer the

ship . T he varying a ttraction o f the ear th i s

caused to
.

act on a mercury column
,
the reading

o f which i s effected by mean s of an electric con

tact.

B attery , B anked
—A term some

t imes appl ied to a ba ttery fromw hich a num

ber of separa te circuits are supp lied w ith cur

ren ts .

T he term banked b a ttery i s sometimes ap

plied to a mul tiple
~ a rc co nnec ted ba ttery .

B attery, Cauter y A term some

t imes emp loyed in electro—therapeutics , for a

mul t ip le connec ted vol ta ic ba t tery adapted for
producing electric incandescence for cautery
effects .

B attery, Cl osed-Ci rcu i t —A vol ta ic
ba ttery w hich may be kept con s tan tly on

c losed-circuit w ithout serious polarizat ion .

T he gravity ba ttery is a c losed c ircui t ba ttery .

As employed for u se on mos t telegraph lines , i t i s
mainta ined on a c losed c ircu it. When an opera tor
w ishes to use the line he opens h is sw i tch , thus
breaking the c ircui t and calling his correspondent .
Such ba tteries shou ld not polar ize . (See Cel l ,
Vol ta i c

, Pola r iza tion of . )

B attery , Connect ion of, for Quant i ty
—A term, now general ly in disuse, formerly
emp loyed to indica te the grouping of vol ta ic
c ells , now known as para l lel or mul tiple.

T he arrangemen t or coupling of a number of

vol ta ic cells in multiple reduces the in terna l resist
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ta ic couple of zinc and copper , the termina ls of

which are connected to the c ircular coi l of insu
la ted w ire, as shown ,

and the w hole floated by
means of a cork , in a vessel con ta in ing d ilute sul

phur ic acid .

When the curren t flows through the coi l in the
directi on shown by the arrows , the approach of

the N-seeking pole of a magnet w i ll cause the
cell to be a ttracted or to move towards the mag

net pole, s ince the soutbf a ce or end of the CO l i i s

nearer the nar t/t pole of the magnet. If the other

ance of the battery , and thus permits a grea ter
curren t, or quan tity , of electr ic i ty to pass hence
the origin of the term .

B attery, Dynamo —T he comb ina
t ion or coup l ing together of severa l s eparate
dynamo-elec tric machines so as to act as a

s ingle elec tric source.

T he dynamos may be connected to the leads
e ither in series , in mu ltiple , in mu ltiple-ser ies or
in ser ies-mu ltiple .

B attery, Dynamo, El ectr ic M ach ine

-A dynamo battery. (See B a ttery ; Dy

nama.)

B atter y , El ectr i c A genera l term
appl ied to the comb ina t ion , as a s ingle source,
of a number of separate elec tric sources .

T he separate sources may be coupled e ither in
ser ies , in mul t iple, in mu l t ip l e-ser i es , or in ser i es:

mul t iple. See Ci r cu i ts , Va r iet i es of . )
T he term ba ttery i s sometimes incorrectly ap

plied to a s ingle volta ic couple or cel l .

B attery, Fl oati ng , De 1a Ri ve
’
s A

floa ting vol ta ic cel l , the terminals of w hich are
connec ted w ith a coi l of insula ted w ire, em
ployed to show the a ttrac t ions and repul

s ions between magnets and movable elec tric
c ircu its .

T he cell , shown in Fig. 38, consists of a vol
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shown in Fig . 4 1 . It cons ists of stra ight bars o f
steel

,
p , p , p , w ith their s imi lar poles placed near

together and in serted in

ma sses of soft iron , N and

S, as shown .

B atter y, M a i n

T he ba ttery, in a sys tem
of telegraph ic commun i

ca tion , tha t is emp loyed
for sending the s igna ls
over the ma in l ine, as d is
t ingu ished from any bat

tery employed for any

other part icular w ork.

such , for example, a s tha t
of the loca l ba ttery. (See

Fig ; 4 7 . M ag net ic

B a ttery . 07‘

B attery, M ul t ipl e-Com round M ag net

nected —A ba ttery the s ingle cel ls of

which are connec ted to one another and to the
ma ins or conduc tors in mu l t iple. (See Ci r

cui t , Mult ip le.)

B attery, O pen-Circu i t —A vol ta ic
ba ttery wh ich i s norma lly on Open-c ircui t ,
and w h ich is u sed con t inuous l y on ly for com

parat ively sma l l dura t ions of t ime on c losed
c ircuit.
Leclanché-cells form an excellen t open-c ircu i ted

battery . They have a compa ra tively high electro
motive force

,
bu t rapidly pola rize . They cannot

therefore be economical ly used for furn ishing
curren ts con tinuously for long dura tion s of time.

When left on open-c ircui t, however , they readily
depolarize. They therefore form an excellen t
ba ttery for such work as annunc ia tor bells , burg
lar a larms , etc . , where the Curren t i s on ly
required for shor t per iods of t ime

, separated by
comparativel y long in tervals of rest. (See Cel l ,
Vol ta i c, Lecl an c/zé . )

B attery Pl ates of Secondar y or Storage
Cel l , Formi ng of —(See Pl a tes of
Seconda ry or Stor ag e Cel l , Farmi ng of .)
B attery, Pl unge —A number of

separa te vol ta ic cel ls connec ted so a s to form
a s ingle cell or elec tric source , the p la tes of

w hich are so supported on a horizon tal bar
as to be capab le of be ing s imul taneous ly
placed in , or removed from, the exc iting
l iquid .

[B ab

The plunge ba ttery shown in Fig. 42, consi s ts

Fig . 42. Plung e B a ttery .

of a number of zin c-carbon elemen ts immersed in '

an electrolyte of dilu te su lphur ic ac id , or in e l ec

t r opai on l iqu id , Conta ined in separa te j ars , J , J .

(See Liqu id , E l ectr opoi on . )

T he mode of suppor t to the hor i zon ta l bar"

w ill be under stood from an in spec tion of the .

draw ing .

B attery , Pr imary —T he comb ina-r

t ion of a number of separa te primary cel ls so

a s to form a s ing le source.

T he termpr ima ry ba ttery i s u sed in order to
distingu ish i t from secondary or storage ba ttery . .

(See Cel l , Seconda ry . Cel l , Stor age . )

B atter y , Secondary -T he comb ina
t ion of a number of separa te seconda ry or

s torage cells , so as to form a s ingle electri c .

source. (See Electr i ci ty , Stor ag e of .)
B atter y, Sel en ium T he comb ina

t ion of a number of separa te selen ium cell s so
a s to form an elec tric source. (See Cel l , .

Selen i um .)

B atter y, Ser i es-Connected Abat
fery, the s epara te cell s of w hich are con

nected to one another and to the l ine or

conductor in s eries . (See Ci r cu i t , Ser i es .)

B attery Sol ut ion—(See Soluti on , B a t

tery .)
B atter y, Spl i t -A vol ta ic ba t tery '

connec ted in series , but having one of its

middle p la tes connec ted w ith the ground .

By the employmen t of the device of a spli t
ba ttery , the poles of the battery are ma in ta in ed
a t potentials differ ing in oppos i te direc tion s from
the poten tia l of the ear th.

B attery, Storage A number of

separa te s torage ce lls connec ted so a s to

form a s ingle electric source.
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A cell of a s torage ba ttery is show n in Fig .

43 .

B atter y, Storage, El ement of —A
s ing le set of pos it ive and nega t ive pla tes of a
s torage ce ll connec ted so a s to be ready for
p lac ing in the ac id l iquid of the

’

jar or cel l .

Aterm sometimes a ppl ied to one of the

s torage cel ls in a s torage ba ttery .

This la tter use of the term elemen t i s un fo rtu

nate, s ince from the ana logous case o f a pr.mary

cell, an elemen t w ou ld con s ist o f a s ingle pla te,
e ither pos itive or nega tive , and not of both. Tha t
i s, every vol ta ic couple cons is ts o f two e lemen ts ,
the posi tive and the nega tive .

B attery, Thermo —A term often
appl ied to a thermo-elec tric ba ttery. (See
B a ttery , T l i ermo-Electr i c .)

B attery, Thermo-El ectr ic —T he
comb ina t ion , a s a s ingle thermo-elec tric c el l ,

of a number of separa te thermo-elec tric cel ls

or coup les . (See Coup le, T l i ermo-E lectr i c .)

B attery , Vol ta ic — T he combina
t ion , as a s ingle source , of a number of sepa
ra te vol ta ic cel ls .

B attery, Water —A ba ttery formed
of z inc and copper couples immersed in an

elec trolyte of ord ina ry w a ter.

Any vol ta ic couple can be u sed
, the positive

elemen t of which i s sl ightly acted on by w a ter .

When numerous couples are employed con s ider
able difl'erence of poten tia l can be obta ined .

Wa ter ba tter ies are employed for charg ing
electrometers . They a re not capable o f giving
any con siderable curren t

,
ow ing to their grea t i h

terna l res istance.

[BeL

B ead Areometer or Hydrometer .
—(See

Areometer ,

B ec-Carcel .—T he C a rce l , or French un i t
of l ight . (See Ca r cel .)

B el l , Automat ic-El ectr ic —Ah elec

tric bell furn ished w ith an au toma t ic con tac t
breaker. (See Con tact-B reaker , Automa t i c .)

Aform of automatic-electr ic bel l is show n in

Fi g . 44. T he rela tion of the electro-magnet,
a rma ture an d the bel l
l ever, w ill be readily
understood from an in .

spection of the draw
i ng .

B el l , Cal l

An elec tric bell used
to ca l l the a t ten t ion
of an Opera tor to the
fa ct tha t h is corre

spondent w ishes to

commun ica te w i t h

him.

B el l , Ci rcul ar

Abel l so cons truc t
ed tha t a l l its mov ing
parts a re conta ined in Fig . 4 4 , Automa t ic B ah

-
c

the gong.

B el l , Continuous-Soundi ng El ectr ic
-An elec tric be ll, w hich , on the comp let ion

of the c ircuit, con tinues s triking unt il s topped
e ither by hand or automa t ica l ly.

O n the completion of the c ircu it, the a ttraction
of an armature throw s a ca tch off from a lever ,
and thus permits the lever to fa ll and complete a

con tact and a l low s the curren t to ring the hel l ; o r
the bel l is rung by c lockwork

, w hich i s thrown
in to action by the pa ssage of

'

a curren t through an

electro-magnet. (See B el l
,
E lectr o

B el l , Di fferent ial El ectr ic —An
elec tric be ll, the magnet iz ing co ils of w hich
a re d ifferen t ia l ly wound .

D ifferen tia l w inding i s o i advan tage where a

very s trong curren t i s requ ired , a s this w inding
decreases the spa rking a t the con ta c ts, on the

open ing o f the c ircuit.

B el l , El ectro-M agnet ic, Siemen s-Arum.

ture Form —A form of elec tro-mag



Bel .]

netic bel l in which the movemen ts of the bel l
armature are obta ined by the reversal of

polari ty tha t takes p lacew hen al terna ting cur
ren ts a re pass
ed t hrough the
coils oi a s im

ple. s ingle coil ,

Siemens -a rma

ture'

Fig . Siemens-Arma tur e Form

T h e deta ils M El ect r o-l l’fag uet ic B el l .

w il l be readily under stood from an examina tion
of Fig . 45 .

Bel l , El ectro-M echan i cal —A bel l ,

the s tr iking appara tus of w h ich is driven by
a w eight or spring , ca lled in to ac t ion by the
movemen t of the arma ture of an elec tro
magn et. (SeeAla rm , El ectr i c .)
B el l , Extens i on-Cal l -A device for

prolongi ng the sound of a magneto ca l l .

An alarm bell is automatically conn ected w i th

the c ircui t o f a loca l ba ttery by mean s of the Cur

ren t genera ted by themagneto-cal l , and con tinues
sounding a fter the curren t of the magneto ca l l
has c eased .

Aform of extension-ca l l bell is shown in Fig . 46 .

B el l , Ind icat ing —An electric bel l

in w h ich , in order. to d is tinguish betw een

different bel ls in the same offi ce, a number
is d isplayed by each bel l w hen it rings .

B el l , M agneto-El ectri c —An elec tric
bell , the curren t employed to Opera te or

s trike w h ich is obtai ned by the mot ion of a

magneto-electricmach ine.

B el l , Night —In a telephone ex

change, a bell , sw i tched in to connec t ion w ith
the shun ted c ircu it of an annun c ia tor cas e, and
in tended, by its cons tan t ringi ng , to ca l l the

a tten t ion of the n ight Opera tor to the fa l l ing
of a drop .

[Be].

Fig . 4 7 . Si ng le-Str oke Bell.

Sin ce the bel l g ives a s ingle s troke for each

completion of the c ircu i t, i ts u se permits of ready
commun ica tion be tw een any two places by a ny

B el l
, Rel ay, El ectr i c An elec tric

bell i n w h ich a relay magnet is employed to
sw i tch a local ba t tery in to the c ircu i t of the
sounding appara tus of the bell .
T he relay bell i s su itable for u se when the bel l

to be sounded i s s i tua ted a t a grea t d is tance. As
the curren t from th e l ine , w hen this i s long , is
too w eak to r ing the bel l , i t throws in to action a

loca l ba ttery by the a ction of a relay .

Relay bells w ere used in the early forms of

acous tic telegraphs as emp loyed in England w i th
relay sounders .

The dots and dashes of the M orse a lphabe t were
indica ted by th e sounds of two bells , a ta p on

one bel l indica ting a dot, and a tap on the other
a dash . This sys tem i s now practical ly aban
doned .

B el l-Shaped M agnet—(See M agrzet , B az

B el], Shunt , El ectr i c —An elec tric
bell , themagnetiz ing coils of w hich a re p laced
on the l ine in shun t .
In the case of shun t-conn ected e lectr ic bells ,

one of the bells must make and break the circu i t
for a ll the res t. T he ser ies-connected electr ic
be l l i s used w here the dis tan ce between the sepa
ra te bel ls is grea t, in order to save the expen se of
multiple connections .

In mos t cases, w here a number of electr ic be lls
are to be simul taneously sounded , connec tion in
mu ltiple i s adopted.

B el l , Singl e-Stroke El ectr i c —An
elec tric bel l tha t gives a s ingle s troke on ly for
each make of the c ircu it .
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system of prearranged s igna ls . Abuzzer may be

used for the same purpose . A form of s ingle
stroke bel l i s shown in Fig . 47. O n completing th e
c

'

rcui t, the cur ren t, through i ts coils , a ttracts the
a rma tu re and causes a single s troke of the bel l.

B el l , Tel ephone-Ca l l -A ca ll bel l
used to ca l l a corresponden t to the telephone.

T he telephone-ca l l bell i s genera lly a magneto
electric bell .

B el l , Trembl ing —A name some

t imes g iven to a v ibra t ing or an au toma tic
make-and-break bel l . (SeeMa t e; a nd

—B r ea ,é ,

Automa ti c .)

B el l , Vi brat ing

(See B el l , Tr embl i ng .)
B i as of Rel ay Tongue.

—(See Tong ue,

Relay , B i a s of .)
B ichromate Vol ta ic Cel l .—(See Cel l , Vol

ta i c , B i cnr oma te.)

B i-fi l ar Suspens ion .
—(See Suspens i on ,

B i-fi la r .)
B i-fi l ar Suspens ion B al ance.

— (See B a l

a nce, B i-fi la r Suspens i on .)
B i-fi l ar Wi ndi ng— (See

—A tremb l ing bell .

I/Vi nd i ng , B i

B i nary Compound.
—(See Compound , B i

n a ry .)
B i nding CO i l S. Coi ls , B i nd i ng .)

B inding
-Post.—(See Post , B indi ng .)

B ind i ng-Screw .
—(See Scr ew , B i nding .)

B ind ing Wi re for Tel egraph Li nes—(See
Wi r e, B i nd i ng , f or Teleg r ap li L i nes .)

B iology , E lectro —That branch of

elec tric sc ience w hich trea ts of the e lec tric
condition s of l iv ing an ima ls and p lan ts , and
the effec ts of elec tric ity upon them.

Electro-B iology includes
( I Electro-Phys iology .

Electro-Therapy , or Electro-Therapeu tics .

B iopl asm.
—Any form of l iving ma tter pos

sess ing the power of reproduc tion .

B ioscopy , El ectr i c —T he determ ina
tion of the presence of l ife or dea th by the
passage of elec tric ity through the nerves and
musc les .

Ri-pol ar .
—Having two poles .

[B la.

of the handle shown a t the top of the figure
causes the rapid rota tion o f a cyl indrica l arma ture
construc ted on the \Vhea ts tone and Siemens prin
c iple. T hemagnets are of iron , and are furn ished

B i-pol ar Ar mature.
—(See Arma tur e,

B i-pola r .)
B i-pol ar B ath .

—(See B a t/z, B i-pola r .)
B i rmi ngham Wi re Gauge—(See Ga ug e,
W i r e, B i rm i ng /zam.)

B i-Tel ephone.
—(See T elep/zone, B i .)

B i t i te.
—Avariety of insula t ing ma teria l .

B l ack El ectro-M ctal l umg ical Depos i t .

(See D epos i t , B la ck Electro-l lf eta l lurg i ca l .)
B l ack Lead.

—A variety of carbon em

p loyed in various elec t rica l proces ses .

B lack lead is a lso termed p lumbago or gr aphi te.
(See P/u /noago. Cr ap/ci te . )
T he term black lead is a m isnomer, s ince the

substance i s ca rbon and not lcad . T he term i s an
old one, and i s stil l very genera lly used .

B l ast i ng , E l ectr i c —T he elec tric
ign it ion of pow der or other exp los ive ma teria l
in a b las t. (See Fuse, Electr i c .)
T he curren t required for the igni tion of the

fuse i s genera lly obta ined by means o f a magn eto
electr ic machine . In the form o fmagneto b las t

ing machine, shown in Fig. 48, the movemen t



w ith coils of insul ated w ire. O n the rota tion of

the arma ture the curren t deve loped there in in
creases the field o f the field magnet, and , w hen
o f the proper degree of in ten s i ty , i s thrown in to the
outer circuit, and ign ites the fuse.

B l eaching, El ectr i c B leaching pro
cesses in w h ich the bleaching agen ts are

l iberated, as requ ired , by the agency of elec tro
lyt ic decompos ition .

In the process of Naud in and B idet, the cur

ren t from a dynamo-electr ic machine i s passed
through a solution of common sa l t between tw o

c losely approached elec trodes . T he chlorine and
sodium thus libera ted react on each other and

form sod ium hy pochlor ide , which i s draw n off

by means of a pump and u sed for bleaching .

(See E l ectr oly s i s . )

B l ock , B ranch —A dev ice em

ployed in elec tric w iring for taking off a branch
from a ma in c ircu it. (See Wi r i ng .)
Aform of branch-block , w i th i ts fuses a tta ched ,

is shown in Fig. 49.

B l ock , Cross-Over —A device to

permit the sa fe cros s ing of one wi re over
another in mold ing or c lea t w iring .

B l ock , Fuse —A block con ta in ing
a sa fety fuse or fuses for incandescen t l igh t
circuits . (See Fuse, Saf ety .)
B lock System for Ra i l roads.

r oads , B lock Sy stemf or .)
B lock Wi ne—(See Wi r e, B lock .)
B low-Pi pe. E lectr ic —A blow-pipe

in wh ich the a ir-b la s t i s obta ined by a s tream
of air particles produced at the poin t of a

(See Ra i l

(Boa.

charged conduc tor by a convec tion dis

cha rge.

T he candle flame , Fig. 50, i s blown in the di

Fzgr . 5 0. Convect ion B low -Pate.

rect ion of the stream of a ir par ticles pass ing off

from the poin t P. (See Convect ion , E lectr i c. )

B l ow-Pi pe, El ectr ic-Arc —A de

v ice of Werdermann for cutt ing rocks , or

other refrac tory subs tances , in w hich the hea t
of the vol ta ic arc is d irec ted , by means of a

magnet , or a blas t of a ir, aga ins t the subs tance
to be cut .

T he ca rbons a re placed paral lel , so as to readily
en ter the cavity thus cu t or fused . This inven
tion has never been in troduced in to extensive
prac tice .

In the w elding process of Benardos and

O lzew sk i , the w elding tempera ture is obta ined by
mean s o f an electr ic are taken be tween two sui t
ably shaped elec trodes .

In the elec tr ic-arc
blow pipe

, shown in

Fig . 5 1 , the volta ic a rc ,
t aken between tw o v er

tica l carbon elec trodes ,
i s deflected into a hor i
zon tal pos ition un der the
influence of the incl in ed
poles of a powerful elec
tro-magnet.
T he highly heated car

bon vapor which cons ti
tu tes the volta ic a rc is deflec ted by the magnet in
the same direction a s wou ld be any other mo v

able c ircui t or curren t.

B oard, Cross-Connect ing —In a

sys tem of telegra phic or telephon ic commun i

ca t ion , a boa rd to w h ich the l ine termina ls are
run before en tering the sw itchboard , so as to

Fig . 5 1 . Electr i c-Ar c
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readily place any subscriber in connec tion
w i th any des ired sec t ion of the swi tchboard.

B oard, Fuse —A board of s la te or

o ther incombus t ible ma teria l on w hich a l l

t he sa fety fuses in an ins ta lla t ion are a s

sembled.

T he fuse board is u sed for avoiding acciden ts
from the fi r ing of the fuses .

B oard, Hanger -A form of board

provided for the ready placing or remova l of
a n arc lamp from a c ircuit.

Ahanger -board con ta in s asw itch or cu t-out for
t he ready open ing or c los ing of the c ircuit. A
form of hanger-board i s show n in Fig. 52.

B oard , Key —Any board to wh ich
a re connec ted electric keys or sw itches .

B oard, Legg i ng-Key —Akey board
employed for the purpose of legg ing an

o pera tor in to a c ircuit connec ting two ormore

s ubscribers . (See Leg .)
B oard, M ul ti pl e Swi tch —Aboard

t o w hich the numerous c ircuits emp loyed in
s ys tems

O

of telegraphy , telephony , annuncia tor
or elec tric l ight and power c ircu its are con

n ected .

Various devices are employed for c losing these
c ircui ts , or for connecting or cross-connecting
t hem w ith one another , or w ith neighbor ing c ir

.cui ts.
Amulti ple sw i tchboard , for example , for a tele

p hone exchange , w il l enable the operator to con

n eet any subscriber on the l ine w ith any other
s ubscriber on tha t l ine , or on another neighbor

[Boa.

Fig. 5 3 . Plug

Key .

Fig . 5 4 . M ul tzf le Sw z
'

tc/zooa ra
'

f or Electri c Lig h t .

In M u l t ip l e Sw i tc/zboo r dr for theEl ectr i c s glzt

or D i s tr i bu t ing Sw i tcbes , spr ing jack con ta cts a re
connected w ith the terminals of d ifl

'

erent c ircu i ts.

ing l ine provided w ith a mul tiple sw itchboard .

T o this end the follow ing par ts are neces sary :
( l . ) Devices whereby each line en ter ing the ex

change can readily have inserted in its circu i t a
loop connecting i t w ith another l ine. This is
accomplis hed by plac ing on the sw itchboard a

separa te spr ing /a ce connection for each sepa
ra te l ine. This connection con sis ts essen tia l ly
of one or two springs made of any conducting
meta l

, which are ma in ta ined in

meta l lic con tact when the plug
key is not inser ted , but which are
readily separated from one another
by the in troduction of the plug .

key , Fi g . 53 , the term ina ls , a and

b
,

of which are insulated from
each other , and are connected to
the ends of a loop coming from
another line. As the key i s in .

serted , the meta llic Spr ing or

springs of the spr ing jack are separa ted and the

meta llic pieces , a and b , are brought in to good
s l iding con tact therew i th , thu s introducing the

l oop into the c ircuit. (See Spr ing 7a ck.)
As many separa te annunc ia tor-drops a s

th ere are separate subscr ibers . These a re p ro :

v ided so as to notify the Cen tr a l O ffice of the pa r a

t icul ar subscriber who des ires a. conn ection .

Alarm-bells to ca l l the opera tor ’s a tten tion to the
ca lling subscr iber , or to the fall ing of a drop, are

genera lly added . (See B el l , Ca l l . )
Connecting cords and keys for connecting

th e opera tor’s telephone, and means for r inging
subscri bers ’ bells , and clear ing out drops.
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and plug sw i tches w ith the dynamo terminals. electr ic i ty . The requ isite buoyancy is obta ined
B y these means

,
any dynamo can be connected by mean s of an a ir chamber . Ar tifi c ia l ven tila

w i th any circui t, or a number of c ircu i ts ca n be tion is ma in ta ined , the fresh a ir requ isite for

connected w i th the same dynamo
,
or a number brea thing being der ived from a. compressed a ir

of separa te dynamos can be placed in the same cylinder.

circui t w ithou t in terference w ith the l ights. Boat, Torpedo Aboa t used for

B oard, Sw i tch -A board prov ided carrying and discharging torpedoes . (Sea.

w ith a sw itch or sw itches , by mean s of w hich
e lectric c ircu its connec ted therew i th may be

opened , closed , or interchanged.

Board, Swi tch , Tel egraph ic —A
device employed at a telegraph s ta tion by

means of wh ich any one of a number of tele

graph in s trumen ts , in use a t tha t s ta tion , may

be placed in or removed from any l ine con

nected w ith the s ta t ion , or by mean s of w hich
one wire may be connected to another.

A body con ~

T he ability to readily connect one w ire w ith
another i s of use in case of in terrupti on to tele
graph lines , in w hich case a through c ircu i t may

be made up of sections of

differen t c ircu i ts .

In the sw itchboard shown
in Fig . 5 5 , the upper le ft
hand binding-pos t i s con

nected to earth ; the four
rema in ing binding pos ts
are connected to two sepa 1713 , 5 5 . Teleg r ap/zz

‘

e

ra te in strumen ts—the sec Sw i tchboa r d .

0nd and third from the top to one in strumen t
,

and the fourth and fi fth to another in strumen t.
T he four pos ts at the top of the figure are con

nected to two lines runn ing east and wes t.
Variou s connec tion s are made by the in serti on

of plug keys i n the various Open ings.
Board, Sw i tch , Trunk ing -A

sw itchboard in wh ich a few sub scribers on ly
are connec ted w i th the opera tor, thus enab l ing
him to ob ta in any o ther sub scriber by mean s

of trunk w ires extend ing to the other sec t ion s .

(See Wi r e, Tr a nk .)
B oat, El ectr i c —Ab oa t provided

with electric mot ive power.

Electr ic pow er has been applied both to ordi
nary vessels and to submar ine torpedo boa ts.
B oat, Submar i ne El ectr i c -Aboa t

capab le of being propel led and s teered w hile
en t irely under w a ter.

T he motive pow er of such boa ts i s genera lly

B obbin
, El ectr i c —An in sula ted coil

of w ire for an elec tro-magn et .

Body, Char g ed
an elec tric charge.

—Abody con ta in ing.

Charges are bound or free. (See Cfi a rge,

B ound. C/zorg
'

e
,
Fr ee. )

B ody, El ectr i fi ed
ta in ing an elec tric charge.

B ody, Human , Resi stance of

T he res is tance w hich the human body o ffers to
t he pas sage of an electric curren t .
T he resistan ce of the human body to the passage

of a cur ren t va r ies w ith the time. T he re

s istance rap idly decreases after a short time.

T he resistan ce dim in ishes becau se of the con
ducti on of w a ter in the epiderm is under the a ction
of the constan t curren t and the congestion of the

Cu taneous blood vessels in consequence of the .

s timula tion .

”

(La ndoi s a nd St i r l ing . )
T he res istance a lso varies markedly w ith the ‘

condition of the surface , the conditi on of the skin
,

and w ith the shape , area , position and ma terial
o f the electrodes by which the curr en t i s Ied '

in to

and carried out of the parts . It very seldom i s
l ess than ohms under the mos t favorable
condition s , and w ith ordinary con tac ts i s many

times tha t amoun t.
T he muscles offer nearly n ine times the res ist

a nce in a direction tran sver se to the fibres than
longitudinally to them . (Hermann . )
T he res istance of the epidermis i s grea ter than

tha t of any other tissue of the bo
'

y .

T he human body probably possesses a true
a ssymmetrica l res istan ce ; tha t i s to say , when
taken after the curren t has been passing for some
time, i ts resistan ce i s differen t in dif’feren t d irec
tion s. This var ia tion in the apparen t re s istance
i s bel ieved by some to be due to po la ri zation .

eflects .

B ody, Insul ated —A body sup

ported on an in sula tor, or non-con duc tor of

e lec tric ity.
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c ircu its a s w il l provide a curren t of the requ is ite
s trength for each of the devices . For example , i f
the norma l curren t on the line i s seven amperes ,
then each of the seven multiple-connected e lec tro .

r eceptive devices show n in Fig. 57w ill have a cur

,ren t of one ampere pa ss ing through it, provided
the res is tance of ea ch branch i s the same.

In order to protect the rema in ing devices from
var ia tion s in the cur ren t on the extingu ishmen t of
a ny of the devices, au tomatic cu t-outs a re pro

v ided, which divert the curren t thu s cu t o ff

through a resistance equ iva len t to tha t of the

d evice.

Avar iety of distr ibution boxes are in use . (See

Ci r cu i ts
, Va r i et i . s of . )

B ox , Di str i ct-Cal l —A box by

mean s of which an electric s igna l is au to
mat ica lly sent over a telegraphic l ine and

received by an elec tro-magnetic dev ice a t the

o ther end of the l ine.

Asystem of di str ict ca lls includes a number of

c al l boxes conn ected by telegraphic l ines w ith a

.cen tra l sta tion . Awheel, or i ts equ iva len t, set in

opera tes

Fig . Fi re-Ala rm Signa l-Box .

on th e same principle as the dis tr ict ca l l box . The

movemen t of the handle in the d irec tion of the

arrow dr ives a whee l tha t makes and breaks a

c ircui t a t certa in i n terva ls .
T he fi re-a larm s igna l boxes are connected

motion by the pul l ing of a lever , makes and

breaks an electr ic c ircu it and sends over the l ine
a succession of electr ic impu lses of varying length ,
separa ted from on e another by vary ing in terva ls
of time. These impulses may be received a t the

cen tra l sta tion a s a series of dots and dashes , or
may , by mean s of a M orse sounder , produce suc
cessive sounds. By pu ll ing the lever or handle
through differen t d is tances , d iti

'

eren t s ignal s may

be sen t to the cen tra l s ta tion and serve a s ca lls for
var ious services , such as messenger boys, fire
a larm

,
pol ice

,
specia l , etc.

T he genera l appearance of a four-ca ll d istrict
box i s shown in Fig . 58. In order to transmit
a ca ll for any particula r one o f these four services
the handle i s pul led un til i t comes oppos ite to the
letters indica ting the requ ired service , and is then
released. T he service requ ired i s then indica ted
a t the receiving , or centra l s ta tion ,

through the
varying s igna ls sent over the lin e by the move
men t of the break-wheel , on the release of the

handle.

B ox , Fi re-Al arm Signal —A s igna l

box provided for the purpose of au toma t ica l ly
sending an a larm of fire.

T he fire-a larm box shown in Fi g .
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e i ther w ith a cen tra l sta tion , or w ith the engine
houses of the dis tr ic t i n which the a larm i s

s ounded , or w ith bo th .

B ox , Fi re-Al arm Tel egraph
—An

a utoma tic-ca l l s igna l-box employed for s end
ing an a larm of fi re to a centra l s ta t ion .

Aform of ti re-a larm telegraph box 1 5 show n in

Fig . 60. I t cons ists essen tial ly of a Circu i t-breaker

t ha t i s moved by pu lling down a lever . T he

r elease of the lever repea ts the signa l to the fi re

departmen t a t the cen tra l s ta tion a cer ta in number
of times . T he box a lso con ta in s a relay bell ,
lightn ing a rrester and s igna l-bel l k ey .

B ox , Fi shi ng —A term sometimes

used ins tead of junc t ion box . (See B ox ,

7unct i on .

B ox , Fl ush —Abox or s pace, flus h
w ith the surface of a road-bed, provided in a

s ys tem of undergroun d w ires or condu its ,
t o facil ita te the in troduct ion of the conduc t
ors in to the conduit , or for the examina t ion
of the conduc tors .

B ox
, Fuse -T he

'

box in w h ich the

fuse-W i re of a s afety-fuse i s p laced .

T he fuse-box shou ld be formed o f moisture
proof, in combus tible, insula ting ma ter ia ls .

B ox , Junct i on A mois ture-proof
.box provided in a sys tem of underground con

s
'
. 6 1 . f unct ion B ox .

(ductors to rece i ve the termi na ls of the feed
ters , in w h ich connec t ion 15 made between

[Box .

Fig . 62. Pa tr ol B ox .

A Spl ice

the feeders and the ma ins , and from w hich
the curren t is dis tributed to the indiv idua l
con sumer. (See Feeder . M a i n ,

Electr i c.)

Aform o f junction box for coupling lengths of
conductors i s shown in Fig. 6 1 .

B ox , Patrol Al arm An automa t ic
s igna l cal l

-box provided for use on the out

s ide of buildings .

T he ca ll-box i s placed ins ide a box , the outer
door of which is furn ished w ith a Ya le lock.

A torm of pa trol box i s shown in Fig . 62.

B ox , Res i stance
-Abox conta in ing

a number of sepa ra te coils of known res is t
anecs emp loyed for determin ing the va lue of

an unknow n res is tance, and for other pur
poses . (See B r idg e, El ectr i c , B ox Form of .)

Box -Soundi ng Rel ay.
—(See Relay , B ox

B ox -Sounding Tel egraph ic Rel ay.
—(See

Relay , B ox -Sound ing Teleg r ap/zzc .)

B ox , Spl ice
—A box provided for

hold ing s p l ice jo in ts and loops , and so a r

ranged a s to be rea d i ly access ib le for ex ami

nat ion , re
-arrangmg , c ros s

-connect ing , etc.

Spl i ce-boxes vary i n shape and construct i on

accord i ng to the purposes for wh i ch they a re

designed .

Box , Spl i ce, Four
-way A sp l ice

box pi omded W i th four w ays or tubu lar con

dunts .

B ox , Spl ice, Two~way
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box prov ided w i th but two tubular conduits or
w ays .

Box , Tumbl ing —A rota t ing box

in wh ich meta l l ic a rt ic les tha t a re to be

elec tropla ted a re placed so a s to be pol ished
by a ttrit ion aga ins t one another.

Box ing the Compass—(See Compa ss ,
B ox i ng the.)

B racket, Lamp , El ectr i c —A de

v ice s imila r to a bracket for a gas burner for
holding or supporting an electric lamp .

Lamp B r a cket .Fig . 63 . La w? B r acket . Fig . 6 4 .

Lamp brackets a re e ither fixed or movable .

Fig . 65 . La w ) B r a cket , M oua é le Arms .

Those shown in Figs . 63 and 64 a re fi xed . Tha t
shown in Fig . 65 i s movable.

B racket, Tel egraphi c —A support
or cross p iece p laced on a telegraph pole
for the support of the insula tors of tele

graphic l ines .

Telegraph ic in sulators a re suppor ted e ither on

wooden a rms
, or on i ron or meta l br a ckets .

Fig . 66 show s a form of iron bracket. Fi g . 67
show s a form of wooden arm.

Cr ow-Arm .

Various well known modification s of these
shapes are in common use. (For deta ils , seePol e,
Telegr ap/zi c.

[B ra.

B ra i d, Tubu l ar —Abra i d of fibrous

insula t ing ma teria l , woven in the form of a

tube, and prov ided for draw ing over a s p l ice .

a fter two w ires have been connec ted .

B rai dedWi re—(See Wi r e, B ra i ded .)

B rake, El ectro-M agnet i c —A brake

for car wheels , the braking pow er for w hich
is either derived en t irely from elec tro-magnet
i sm, or is throw n in to action by elec tro-mag

net ic dev ices .

Electro-magnetic ca r brakes a re of a g rea t v a

r iety of forms . They may , however , be arranged

in two c lasses , v iz . :

( I . ) Those in which magnetic a dhe s ion , o r the

magnetic a ttraction of the brake to the wheels , i s
employed.

O rdinary brake mechan ism in w h ich th e

force opera ting the brake i s thr own in to a c tion by
a n electro-magnet.

B rake, Fr i ct ion —A name some

t imes g iven to a Prony brake. (See B r ake,

B rake, M agneto-El ectr i c —Adevice
for checking the sw ing of a ga lvanometer, in
w hich a s l ight inverse curren t is sent through
the coils of the ga lvanometer.
The Frey magneto-electric brake, a s shown in

Fig. 68, con sis ts of a sma ll co il, connec ted by a

Fig . 68. Elect r ic B r a ke.

contact-key wi th the ga lvanometer terminals. A
sma ll adjus table magnet co il i s provided for
regu la ting the a ction of the inverse curren t . T o

av01d disturbance, the brake i s pla ced a t l east
4 or 5 fee t from the ga lvanometer . M an ipula tion
of the ordinary ga lvanometer key a ttains the same
end i n a much s impler manner.

B rake, Prony Amechan ical de

vice for measuring the pow er of a driving
shaft.
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An inflexible beam , Fi g . 69, is provided at one

end w ith a c lamping device for c lamp ing the

d riving sha ft or pu lley , and a t the other end A,

w i th a pan for holding weights.
If the brake be arranged

'

as shown in Fig . 69,

and the sha ft rota te in the direction of the arrow ,

the tendency w ill be to carry the beam a round
w ith the shaft, placing it at some given momen t

Fig . 69. P7 072) , B r a ke

in the pos ition shown by the dotted line . If a

suffi c ien tly heavy weight be placed a t x , i n a pan

hung at A, the beam w il l a ssume a pos i tion v er

tica lly downwards. If, however , the torque, or

Fig . 7 0. Prony B r a ke.

tw isting force of the dr iving shaft , be ba lanced by
the w eight, the bar w i ll rema in hor izon ta l . T he

pow er can then be ca lcula ted by mu ltip ly ing the
w eight in poun ds by the circumference in fee t of
the c ircle of which the bar i s a radius

,
and th is

produc t by the number of turn s of the dr iving
shaft per minute. T he produc t w i ll be the num

Fig . 7 1 . Prony B r a ke.

ber of foot-pounds per minu te, and , when divided
by w ill g ive the non e-po wer .

Some modified forms of the Prony brake are

shown in Figs . 70 and 7 1 .

As imple form of brake consists of a cord passed
over the pul ley of the ma chine to be tested . A
w eight is hung at one end of the cord . T he other

Fzg . 72. Ci r cu i t Loo; B r ea k .

[B re.

It cons ists essen tia lly o f a r igid frame w i th tw o

porcela in or o ther su itable insula tors for the sup

por t of the loop w ires .

end of the cord is a ttached to the top of a spring
ba lance, the other end of w hich i s fastened to the
floor. Areading of the spring ba lance i s taken
while the pu l ley is at res t and when it is in motion ,
and the resu

l t ca lculated .

B ranch —Aterm app l ied to any princ ipa l
d is tribut ing conduc tor from which outle ts
a re taken or taps made.

B ranch-B l ock .
— (See B lock , B r a nc/z.)

B ranch Conductors—(See Conductor ,

B r a nc/z.)

B ranch Fuse.
—(See Fuse, B r a nca.)

B ranch , Sub -A d is tribut ing con

duc tor taken from a branch .

B randi ng , El ectr i c —A proces s
whereby the branding tool i s hea ted by elec
trica l incandes cence ins tead of by ordinary
hea t.
The branding tool consis ts essen tia lly of a sma l l

transformer w ith devices for regula ting the cur

ren t strength by sw itches and choking coi ls.

B rassing , El ectr o —Coat ing a sur

face w ith a layer of bra ss by elec tro-p la t ing .

(See Pla ting , E lectr a.)
T he pla ting ba th con ta ins a solution of copper

a nd zinc a brass pla te is used a s an anode .

B reak—Awant of continuity in a c ircui t.

B reak , Ci rcui t Loop
—Adevice for

in troduc ing a loop in any part of a l ine
c ircuit.
Aform of c ircui t loop-break i s shown in Fig . 72.
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B reak-Down Swi tch . (See Sw i tch B r ea é

Down .)
B reak-Induced Curren t .—(See Cur r ent ,

B rea k-Induced .)
B reak , M ercur y —Aform of c ircu it

breaker Opera ted by the remova l of a condue

tor from a mercury surface.

M ercury breaks as sume a var iety of forms . O ne

end of the c ircu it i s connected w ith the mercury ,
and the other w ith the conductor .

B reak Shock—(See Slzock , B r ea k .)

B reaker , Ci rcui t
-Any device for

breaking a c ircuit .

B reak ing the Pr ima1
°

y .
- (See Pr ima ry ,

B rea ki ng M e.)

B reak ing Weigh t of Tel egraph Wi res.

(See Wi res , Teleg r afi /z, B r ea k i ng PVezgnt

B reath Figures —(See F igur es , B r ea tn.)

B reeze, El ectr i c —A term some

t imes employed in elec tro-therapeu t ics for a

brush discharge.

O ne of the electrodes , con sisting of a s ingle
poin t or a number of poin ts , i s held near the

parts to be trea ted so tha t the convec tive discharge
i s rece ived thereon . T he other electrode i s con
nected to the body of the pa tien t.

B reeze, El ectro-Therapeutic —An
elec tri c breeze. (See B r eez e, E lectr i c .)

B reeze, Head, El ectro-Therapeut i c
—A form of electric convec tive d is charge ,
or electric breeze, appl ied to the head . (See
B reeze, E lectr i c .)

B reeze, Stat ic —An elec tric b reeze
obta ined by the convec t ive dis charge of an

elec tros ta t ic charge .

B r idge-Arms.—(See Arms , B r i dg e or

B a la n ce.)
B r idge, B ox A box of res is tance

coils so arranged a s to be capable of b eing some simple ra tio, the
used direct ly a s a W hea ts tone elec tric ba lance .

(See B r i dg e, E lectr i c , B ox Form of .)

‘

T he commerc ia l form of W hea ts tone ’

s

balance.

B r i dge, El ectr i c —A device for

measuring the va lue of elec tric res is tances .

[B ri .

T he electr ic br idge is a lso ca lled the Electr ic
Ba lance.

This i s called a br idge because the w ire M , G ,

N, bridges or j oin s poin ts of equa l poten tia l .
A, B , C and D , Fi g . 73 , a re four e lectric re

s i stances , any one of which can be de termined in
alz/a s

,
provided the absolu te va lue of one o f the

o thers , and the rela tive va lues of any two of the

rema in ing three a re known in ohms .

A volta ic battery, Zn C , is connected at Q
and P,

so as to branch at P, and again un i te at

Fig . 73 . Electr ic B a la nce.

Q , a fter passing through the conductor D C ,
and

B A.

A sen sitive ga lvanometer , G , is connected a t

M N , a s shown .

T he pa ssage of a curren t through any res istance
is a ttended by a fal l of potentia l proportiona l to
the resistance. (See Poten t i a l , E l ectr i c . ) I f, then ,
the resistan cesA,

C and B , are so proportioned
to the va lue of the unknown res istan ce D , tha t no '

cu rren t passes through the ga lvanometer G , the

two poin ts , M and N ,
in the two c ircu its , Q M P

and Q N P, are at the same po ten tia l . Tha t i s to
say , the fal l of poten tia l a long Q M P and Q N P,

a t the poin ts M and N
,
i s equa l . Since the fa l l

of potentia l i s proportiona l to the res istance, i t
follow s tha t

It then w e know the va lues ofA,
B and C ,

the

va lue of D
, can be readily ca lcu la ted .

By making the value2,
value of D , is eas ily obta in ed in terms of C .

T he res is tan ces A,
B and C ,

may cons ist of
co ils of w ire w hose res istance i s known . T o

avoid their magnetism a ffecting the ga lvanometer
needle during th e passage of the curren t th rough
them,

they shou ld be made of w ir e ben t in to two
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para llel w ires and w rapped in co ils ca lled r es i s t

a nce coi ls ; or a r es i s tance box may be used . (See

Coi l , Res i s tance . B ox , Res i s tan ce . )
There are two genera l forms of Whea ts tone’s

Bridge, the box form, and the sliding form.

B r idge, E lectr ic, Arms of —T he
res is tances of an elec tric bridge or ba lance .

(See B r idg e, Electr i c.)

B r idge, El ectr i c, Box Form of

A commerc ia l form of bridge or ba lance in

wh ich a l l the known arms or branches of the
bridge, except the unknown arm, con s is t of
s tandardized res is tance coils , w hose va lues are

given in ohms . (See Coi l , Resi sta nce.)
The box form of br idge or balance is shown in

perspec tive in Fig . 74, and in plan in Fig . 75 .

T he br idge arms , corresponding to the resistances

Fig . 75 . B ox Ba la n ce .

Aand B ,
of Fig. 73 , cons ist of resistan ce coils of

10, 100 and ohms each , inser ted in the

arms q z , and q x , of Fig . 75 . These are

ca l led the pr opor t iona l coi l s . T he a rm corre

Spond ing to resistance C , of Fig . 73 , is composed
of separa te res istances of 1 , 2, 2, 5 , .

10
, 10, 20, 50,

100, 100, 200, 500, i ,oco, and

ohms . In some forms of box br idges additional
dec imal resistances a re added .

T he resistance coils a re wound:as show n in

Fig . 76, a fter the w ire has been ben t on i tse lf in
the middle. This i s done in order to avoid the
effects of induction , among which are a dis turb
ing action on a ga lvanometer used near them

,

and the in troduction o f a Spurious res istance in
the coils themselves . (See Res i s ta nce, Spur ious . )

[B ri .

Fzg. 7 6 . Res i sta nce Coi l s .

Fig . 7 7 . Electr ic B a la nce.

the unknown resistance between z and r ; the ba t

tery is connected to x a nd z . Aconven ien t p ro
portion being taken for the value of the propor
tiona l coils , res istan ces a re inserted in the arm C ,

unti l no deflection i s shown by the ga lvanometer
G . T he s imilar ity betw een these connections and
those shown in Fig . 75 w il l be seen from an

inspection of Fig . 77. T he arms
,
Aand B , corre

spond to q x and q z , of Fig . 75 ; C ,
to the arm

T o avoid the effects of changes of res is tance oc
cas ioned by changes of temperature , the coils are

made of German s ilver , or , preferably , of al loys
called Pl a t inoi a’ or Pla t inum s i l ver . Even when
these al loys are used , ca re shou ld be taken not to

a llow the curren ts to pass con tinuously through
the res istance coi ls longer than a few momen ts.
T he coi ls , C ,

C
"

, are connecte l w ith one another
in series by solder ing thei r ends to the short »

thick pieces of brass , E,
E, E,

Fig . 76. O n the in

ser tion of the plug-keys , a t S, S, the coi ls a re cut
out by short-circui ting . C are should be taken to
see tha t the plug-keys are fi rmly in serted and free
from grease or dir t, as otherw ise the coi lw ill not be
completely cut out. As each plug . key i s inserted
i t shou ld be tu rned s lightly in the open ing , so

as to insure good con ta ct.
T he fol low ing are the connections , viz . : T he

gal vanometer is inserted between q and r
,
Fig . 77 ,
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x r , Fig. 75 ; and D,
to the unknown resis tance.

We then have as before

C ,

The advan tage of the s implicity of the ratios , A
and B , or 10, 100 and of the br idge box ,
w ill therefore be man ifest . T he

“ ba ttery termina ls
may a lso be connected to q and r , and the gal

v anometer termina ls to x and 2, w ithou t dis turb
ing the proporti ons .

B ri dge, E l ectr ic, Commerci al Form of

—Aname sometimes given to the box

form ofW hea ts tone’s electric ba lan ce. (See

B r i dg e, Electr i c, B ox Form of .)
B r idge, E l ectr ic Dupl ex —An ar

rangemen t of telegraph ic circui ts in the form
of a W hea ts tone elec tric bridge for the pur

poses of duplex telegraphy. (See Teleg

r ap/zy , D up lex , B r idg e M et/20d of .)

B r idge, El ectr i c, Propor tionate Arms
—(See Arms , Profior t i ona te.)

B r i dge, El ectr i c, Sl i de-Form of

Abal ance in which the proportiona te arms of

the bridge are formed of a s ingle th in w ire, of
un iform diameter, general ly of German s ilver,
of compara tively high res is tance. T he length

of this w ire is usua l ly one metre ; hence th is
a ppara tus is often cal led the metre bridge.

ASl iding Co nta ct Key sl ides over the w ire ; one
termina l of the key i s connected w i th the ga lva
nometer and the other w ith the w irewhen the key
is depressed. As the w ire i s of un iform diameter
the resi stances of the arms , Aand B , Fig. 78, w ill

Fig . 78. Sl ide B r i dg e.

be direc tly proport iona l to the lengths . A sca le
placed near the w ire serves to measure these
lengths . Athick meta l s tr ip connected w ith the

sl ide w ire has four gaps a t P, Q , R and S.

When in ordinary use, the gaps at P and S, are

ei ther connec ted by s tout s tr ips of conductingma

terial or by known resistances , in which la tter case
they act s imply as ungradua ted extens ions of the
s l ide w ire , and , l ike lengthen ing the s lide w ire

,

increase the sensibility of the ins trumen t.

[B ri .

T he unknow n resistan ce i s then inserted in the

gap a t Q ,
and a known resistance, genera lly the

r es i s ta nce box , in tha t a t R. T he ga lvanometer
has one of i ts terminals connected to the me ta l
strip between Q and R,

and i ts o ther termina l to
the s liding k ey . T he ba ttery termina ls are con

nected to the meta l str ips be tween P and Q,
and

R and S, respectively .

These connection s are more clea r ly seen in the
form of br idge shown in Fig. 79. T he sl ide w ire,
w w, consis ts of thr ee separa te wires each a metre

Professor Hughes employed an inductance
br idge of the follow ing descr iption :
Four res istances , Q ,

S, R and P, arranged as

shown in Fig . 80,
form the br idge. T he re

s istan ces, Q, S and R , cons is t of sec tions of Ger
man s ilver w ire , one metre in length , each of

the res istance of 4 ohms. P,
is acoi l of w ire pos

sessing sensible inductance. T he object of the

Fig . 79. Sl i de Form of B r i dg e.

in length, so arranged tha t on ly one w ire, or two
in ser ies

,
or a ll three in series, can be used . M at

ters being now a rranged as shown, the s l iding
key i s moved un til no current pa sses through the

ga lvanometer w hen the key i s depressed.

T he sl ide form of br idge i s not en tirely sa tis
factory, s ince the uncerta in ty of the Spr ing-con
ta c t causes a lack of correspondence betw een the

poin t of con tact and the poin t of the scale on

which the index rests.

T he loss of un iformi ty in the diameter of th e
w ire, due to con s tan t use , causes a lack of corre

spondence between the res is tan ce of the w ire and

i ts length. W ith care, how ever , very accura te
results can be obta ined by the sl ide form.

B ri dge, Inductance —Ah appara
tus for measuring the inductance of a c ircui t
s imilar to a Whea ts tone bridge. (See I nduc
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arch w ithin abou t a ha l f inch . A space is hol
lowed out between these ends, for the reception of

a shor t needle of w el l-magnetized hardened s teel ,
suspended by a w ire from a tors ion head.

T he movements of the needle are measured on
a scale by a spot of l ight reflected from a mi rror .

T he e lectro-magnet ma inta ins a con stan t dif.
ference of magnetic poten tia l a t the two shorter
ends o f the rectangle. If, therefore, the four
bars, or arms of the br idge, are magnetical ly
iden tica l, there w il l be no deflection , since no

difference of poten tia l w i l l exist at the ends of the
bars between w hich the needle is suspendzd . If,

however , one of the bars or arms be moved even
a trifle, the needle is a t once deflected , the motion
becoming a maximum when the bar i s en tirely
removed . If replaced by another bar , differ ing
in cross-section , constitu tion , or molecular s true
ture, the ba lance is likew ise disturbed.

T hemagnetic bridge is very sensitive. I t was

designed by i ts inven tor for testing the magnetic
qua li ties of the iron used in the construction of

dynamo-electr ic machines .

B r i dge M ethod of Dupl ex Tel eg raph y.

(See T eleg r afi fiy , D up lex , B r i dg e M et/20d

B r idge M ethod of Quadrup l ex Tel eg
raphy . (See Teleg r ap/zy , Qua dr up lex ,

B r i dgeMetlzod of .)

B r i dge, M etre —A s l ide form of

Whea ts tone
’

s elec tric bridge , in w hich the

s l ide w ire is one metre in leng th . (See
B r idg e, Electr i c, Sl i deFarm of .)

B r i dge, Resi stance —A term some

t imes appl ied to an elec tric b ridge or ba lance .

(See B r i dg e, Elecl r i c.)

B r i dge, Revers i bl e —A bridge or

balance so a rranged tha t the proport iona te
coils can be readily in terchanged , thus per
mitting the bridge coils to be readily tes ted by
reversmg .

B r idge, Wheatstone’s El ect r i c

Aname g iven to the electric bridge or ba lance.

(See B r i dg e, E lectr i c .)

B r i dges.
—Heavy copper w ires suitably

shaped for connec ting the dynamo-elec tric
mach ines in an incandescen t l ight s ta t ion to

the bus-rods or w ires .

[B r i l s

B r ight Dipping. (SeeD z
’

ppzhg , B r zgfi t .)
B r ight Di ppi ng Li qu id.

—(See L iqui d ,

and are adapted for use in connection w i th a,

la the.

B ri tann i a J0i nt .—(Seejoi n t , B r i ta nn i a
B roken Ci rcui t—(See Ci rcu i t , B roken .)

B ronz i ng, El ectro -Coa t ing a sur

face w ith a layer of bronze by elec tro-p la t ing .

(See Pla t i ng , E lectr a.)
T he pla ting ba th con ta ins a solution of tin and

copper .

B rush-and-Spray Di scharge.
—(See D i s

c/ta rg e, B r us lz-a nd—Sp r ay .)

B rush Di scharge. (See D i sc/ta rg e,

B r a y /t .)

B rush El ectrode.
—(SeeElectrode, B r a s /i .)

Brush , Faradi c —An elec trode in

the form of a brush employed in the med ica l
app l ica t ion of electric i ty.

T he bristles are generally made of n ickelized
copper w ire.

B rush-Hol ders for Dynamo-El ectr ic M a

ch ines.
—Dev ices for support ing the collec t ing

brushes of dynamo-elec tric machines .

As the brushes require to be set or placed on

the commuta tor in a pos ition w hich often var ies
w ith the speed of the machine , and w i th changes
in the res istance of the externa l c ircu i t, a l l bru sh
holders are provided w i th some device formoving
them concen trica l ly w ith the commutator cy l in .

der .

B rush Rocker.
—(See Rocker , B r ush )

B rush , Scratch —A brush made

of w ire or s t iff bris tles , etc su itable for c lean
ing the surfaces of meta l l ic objec ts before
p lac ing them in the p la ting ba th .

Scra tch brushes are made of var ious shapes and .

are provided w i th w ires or br istles of varying
coarseness .

Some forms of scra tch ‘

and fin ishing brushes
are shown inFig. 83 . They are c ircular in outl ine
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B rush , Scratch , Ci rcul ar -'A
scra tch brush of a c ircula r shape, so fi tted as

to be capab le of being placed in a la the and

set in rap id rota tion .

B rush , Scratch , Hand —A scra tch
brush opera ted by hand , a s d is t ingu ished
from a c ircular scra tch brush Opera ted by a

la the.

B rushes,Adjustmen t of Dynamo-El ectr i c
M ach ines —Shift ing the brushes in to
the required pos it ion on the commuta tor
cyl inder, either non-au toma tica l ly by hand , or
automa tica l ly by the curren t i tself. (See
Reg u la t i on ,Automa t i c, of Dy namo-Electr i c
M a c/zi nes .)

B rushes, Carbon , for El ectr ic M otors

—Pla tes of carbon for leading curren t
to elec tric motors . (See B r usnes of Dy namo
E lectr i c M a cnine.)
These are generally known s imply as bru shes .

B rushes, Col l ecting , of Dynamo-El ectr i c
M ach ine —Conduc t ing brushes w hich
bear on the commuta tor cyl inder, and take off

the curren t genera ted by the difference of

potentia l in the arma ture coils . (See B rus/zes

of Dy namo-Electr i c M ac/t i ne.)
B rushes, Load of —T he angle through

w hich the brushes of a dynamo-elec tric ma

chine mus t be moved forward, or in the

direction of rota tion , in order to diminish
Sparking and to get the bes t output from
the dynamo.

The necess ity for the lead a rises from the coun

ter magnetism or magnetic reac tion of the arma

ture , and the magnetic lag of i ts iron core. (See

Lea d, Ang le of . )
T he pos ition of the brushes on the commutator

to insure the bes t output i s practica lly the same

in a series dynamo for any curren t strength .

In shunt and compound dynamos it var ies w i th
the lead .

B rushes of Dynamo-El ectr ic M ach ine.

Strips of metal , bundles of w ire, s l it p la tes of
meta l , or p la tes of carbon , tha t bear on the

commuta tor cyl inder of a dynamo-elec tric
machine, and carry off the curren t genera ted .

Rotary brushes cons isting of meta l discs a re

sometimes employed. Copper is almost univer

63 [Bu].

F1g. 84 . B r as/u s .

Buck l ing.
—Irregularit ies in the s ha pe of

the surfaces of the p la tes of s torage cel ls , fol
low ing a too rap id d ischarge.

Bug.
—Aterm originally emp loyed in quad

ruplex telegraphy to des ign a te any faul t in
the opera tion of the appara tus .

This term i s now employed
, to a l imited exten t,

for faults in the operation of any elec tr ic appa
ra tus .

B ug-T rap .
—A dev ice employed to over

come the bug in quadrup lex telegraphy.

B ul b, Lamp —T he chamber or

globe in wh ich the filamen t of an incan

descen t elec tric lamp is p laced .

T he chamber or globe of a lamp mus t be of
such cons truc tion as to enable the hi gh vacuum
neces sary to the operation of the lamp to be ma in
ta ined.

sa lly used for the brushes of dynamo-electric
ma chines . C arbon brushes are often used for

dynamo-elec tr ic motors.
T he brush shown at B , Fig . 84, is formed of

copper w ires , soldered
together at the non

bearing end. Acopper
plate, s li t at the bear
ing end

, i s shown a t C ,

and bundles of copper
pla tes , soldered together
a t the non-bear ing end ,

are shown a t D .

T he brushes shou ld
bea r against the com

muta tor cylinder w ith
suffic ien t force to pre

ven t jumping , and con

sequent burn ing, and

y et not
'

so hard as to

cause excessive wear .

B rushes, Rotating , of Dynamo~El ectr i c

M achi nes —Discs of meta l , emp loyed
in p lace of the ordinary brushes for ca rry
ing off the curren t from the a rma tures of
dynamo-elec tric mach ines .

B rush ing , Scratch —C leans ing the

surface of an art ic le to be elec trop la ted , by
fric tion w ith a s cratch brush .

Scra tch brushing i s gen era lly done w i th the
brushes w et by var ious so lutions .



B unched Cabl e—(See Cable, B unclted.)

B unch ed Cabl e, Stra ightaway

(See Cable, B unc/zed , Str a zg/ztaw ay .)

B unched Cabl e, Twi sted

Ca él e, B unclzed , Tw i s ted .)

B unsen Vol taic Cel l .—(See Cel l , Volta i c ,
B unsen

’

s .)

B uoy , El ectr ic —A buoy on wh ich

luminous elec tric s ignals are d isplayed .

B urgl ar Al arm. (SeeAla rm, B urg la r .)

B urg l ar Al armAnnunci ator.
—(See An

nunci a tor , B urg la r Ala rm .)

B urgl ar Al arm Contacts—(See Con ta cts ,
B urg la r Ala rm.)

B urgl arAl arm, Yal e Lock Sw i tch for

—(SeeAla rm,
Ya le-Locle-Sw i tc/t B urg la r .)

B urner , Argand El ectr ic —’An ar

gand gas
-burner tha t is l ighted by means of

an electric Spark.

—(See

T he argand electr ic burner a ssumes a var ie ty
of forms , such as the p l a in -penda nt , the r a tchet

pendan t and the a utoma t i c. They are a lso used
in systems of multi ple gas l ighting .

B urner ,Argand El ectr ic ,Automat i c
—An a rgand burner arranged for automat ic

elec tric l ighting . (See B ur ner , Automa t i c

Electr i c.)

B urner , Argand El ectr i c, Hand-Li ghter
-A p la in-pendan t electric burner

adapted for l ighting an argand gas-burner.

(See B urner , Pla i n-Penda nt Electr i c .)

B urner , Argand-E l ectr i c, Pl a in-Pendant
—A pla in-pendan t elec tric burner

adapted for l ighting an argand gas burner.

(See B urner , Pla i n-Pendan t Electr i c .)

B urner , Argand-El ectr i c, Ratchet-Pend
an t —Ara tchet-pendan t electric burner
adapted for l ighting an argand gas-burner.

(See B urner , B a tel i ez-Pendant Electr i c .)

B urner , Automat ic-El ectr i c —An
electric dev ice for both turn ing on the gas

and l ighting it , and turning it .off, by a l ter
nately touching differen t buttons .

T he gas-cock i s opened or c losed by the motion
of an armature, the movements of which are con

trolled by two separa te electro-magnets . O ne

push-button , usually a white one, turns the gas on

[B ar.

by energiz ing one of the electro-magnets and ,

at the same t ime, l ights i t by means of a suc

cession of spa rks from a spark coil . Another
push-button , usual ly a black one, turns

'

the gas

off by energizing the other electro-magnet.
The turn ing on or off of the gas i s aecom

pl ished by posi tive
motions . Automatic
burners are a lso made
w ith a s ing le button .

AnArgandElectric
Burner i s shown in
Fig. 85 .

B urner , El ectri c
Candl e —A
dev ice for electri

cal ly l ight ing a gas

jet in a burner sur

rounded by a por

cela in tube in imita
t ion of a candle .

Electric candle bur
ners are e ither s imple
or ratchet candle bur
ners .

B urner ,

Ligh ting El ectr ic
—Aname sometimes appl ied to a plain

pendan t electric burner. (See B urner , Pla in

Pendant Electr i c .)

B urner , Jamp-Spark —A term

sometimes appl ied to a gas burner in which

the issuing gas is ign ited

by a spark tha t jumps be
tween the metal l ic points

p laced on it.

Hand. Fig . 85 . Arg a nd Electr ic
B ur ner .

Jump-spark burners are

used in systems of mul tiple

gas l ighting . (See Lig/zt

i ng, E l ectr ic Ga s . )

Pl a in-Pen

dant El ectr i c —A
gas burner provided
w ith a pendan t for the
purpose of l ighting the

gas by means of a s park , F2?
a fter the gas has been
turned on by hand .

B urner ,

B urner .

T he gas is first turned on by hand at the ordi
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nary key , and is then lighted by pul ling the pend
ant C ,

Fig . 86 . Aspark from a spark co il igni tes
the gas .

Th is i s sometimes ca lled an electr i c [ta nd

B urner , Ratchet-Pendant Candl e El ec
tr ic —A burner for both light ing and

ex tinguish ing a cand le gas jet .

Burner , Ratchet-Pendant El ectr i c
—A gas

-burner in which one pull i ng of a

pendan t turns on the gas and ign ites it by
means of an elec tric spark from a spark coil ,

and the next pul ling of the pendant turns off
the gas .

Aratchet-wheel and paw l are operated by the
motion of the pendan t. T he first pull of the
pendan t chain moves the ra tchet so as to open a

four-way gas cock , and a t the same time li ght
the gas a t the burner tip by a w ipe-spa rk from a

spark coi l. O n the next pu l l of the pendan t, the
four-way cock is turned so as to turn off the gas .

Al terna te pulls , therefore, l ight and extingui sh
the gas .

B urner , Simpl e Candl e El ectr ic
Aplain-pendan t electric burner. (See B ur

ner , Pla in Pendant Electr i c .)

B urner , Thumb-Cock E l ectr ic
An electric gas

bumer, in w hich
the turn ing of an

ordinary thumb
cock turns on the

gas , and ign ites it
by a spark pro
duced by a w iping

contact ac tua ted
by the motions of
the thumb-cock.

Aform of thumb
cock burner i s

shown in Fig . 87.

B urner , Vi

brut ing -E l e c

tr ic -An 87 . 7 7zum6-Cock B ur ner .

electric gas-burner in w h ich the gas is l ighted
after it is turned on by hand , by means of the

spark from a spark coil produced on the rap id —Adevice for clos ing

—A push button.

[B

making and breaking of the circui t by a

vibra ting contac t .
T he vibra ting-electric burner has a single elec

tro-magnet . It is opera ted by means of a button
or sw itch , and may be used on s ingle l ights or on
groups of lights . It bears the same rela tion to
the automatic burner tha t the pla in-pendan t
burner does to the ra tchet burner.

B urnet i ze.
- T o subject to the Bumetizing

process . (See B um et i z i ng .)

B urneti z i ng.
—Amethod adopted for the

preserva t ion of wooden telegraph poles by
injec t ing a solut ion of zinc chloride in to the
pores of the wood . (See Pole, Teleg r aph i c .)

B urn i ng at Commutator of Dynamo.

An arcing at the brushes of a dynamo-elec
tric mach ine, due to their imperfect contac t ,
or improper pos it ion , w hich resul ts in loss of

energy and des truc t ion of the commuta tor
segmen ts .

B us—A w ord generally used ins tead of

omn ibus . (See Omn ious .)

B us-B ars .

—(See B a rs , B us .)

B us-Rod Wi res—(See Wi r es B us-Rod .)

B us-Wi re.
—(See Wi re, B us .)

B utt J oint .
—(See joi nt , B utt .)

B utton , Carbon —A res is tance of

carbon in the form of a but ton .

Abu tton of carbon i s used a s an electric resist
ance in a variety of apparatus ; i ts pr incipa l use ,
however , is in the transmitting instrument of the
electr ic telephone . In the telephone tran sm itter ,
the button is so placed betw een contact-pla tes tha t
when the pla tes a re pressed together by the

sound-w aves, the electrica l re s istance is decreased
by a decrease in the thickness o f the ca rbon button ,

an increase in i ts dens ity , and an increase in the

number of poin ts where the carbon touches the
plates . Rheostats, or resistances , have been
made by the use of a number of carbon buttons or
discs piled one on another and placed in a glass
tube . D iscs of carbon ized cloth form excellent
res istances for such purposes.

B utton , Press

(See B utton , Pa s /i .)

Button , Push
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i n electric circui t by the movement of a

but ton .

Abutton, when pushed by the hand , closes
the

Fzg.88. Pics/z B utton. Fig. 89. Bus/z Button .

contact, and thus completes a c ircui t in which
some electro-receptive device i s p laced . This

c ircu it i s Opened by a spr ing ,
on the removal of the pressure .

Some forms of push-bu tton s are
F

shown in Figs . 88, 89and 90.

Af loor -pa s te for din ing-rooms
and offices is shown in Fig.

90.

Fig . 88 shows the genera l
appearance of an ordinary bell
push . T he arrangemen t of the Fig . 00. Floor

interior spring con tacts w ill be Pa s/z.

understood by an inspection of Fig. 91 .

C.
—An abbrevia tion for centigrade.

T hus , 20 degrees C . means zo t degrees of the

cen tigrade thermome tric sca le. (See Sca l e, Cen

t igrade Tlzermometer . )

C.
—Acon traction for curren t .

Generally a con tract ion for the curren t in
E

amperes , as C R
’

C. C.
—Acon traction for cubic cent imetre.

See Wei lzts and M ea sures , M etr i c S stemg

C. G. S. Un i ts—A con traction for cen t i
t imetre-gramme-second un its . (See Un i ts ,

Cen timetre Gramme Second .)

Buzzer , El ectr i c —A call , not as

loud a s that of a bel l , produced by a rap id

Fig
“

. 91 . Spr ing Con ta ct of B el l Pa s /z.

automa t ic make-and-break . (See M ake-a nd

B r eak , Automa t i c .)
The buzzer i s genera lly pl: ccd inside a resonan t

Fig . 92. B uzzer .

case of wood in order to strengthen the sound by
resonance. Aform of buz zer is shown in Fi g. 92.

C. P.
—A con trac tion for candle power.

(See Ca ndle, Sta nda r d .)

Cabl e.
—An elec tric cab le . (See Ca ble,

Cabl e.
—T o s end a telegraph ic d ispa tch ,

by means of a cab le.

Cabl e, Aer i al —A cable suspended
in the a ir from suitable poles .

Cabl e, Ant i-Induct ion , War i ng

Aform of an t i-induc t ion cable.

In the War ing an ti-induction cable the separate
conductors are covered w ith a fibrous in sulator ,
from which a l l a ir and moi sture i s expelled , and
the fibre then sa tura ted w ith an insu la ti ng ma
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t erial ca lled oz ite. T he conductors are then p ro
tected from the inductive effects of neighboring
c onductors by a con tinuous sheath of lead a ll oyed
w ith t in .

Where the cables are bunched , the bunches
.are sometimes aga in sur rounded by insula ting
mater ia l

,
and the whole then covered by a con

"

tinuous lead sheathing ; genera lly , however, the
s epara tely insula ted conductors are bunched ,
and then covered by a single sheathing of lead
a lloyed w i th tin .

Cabl e, Armature of —T he armor of

a cab le. (SeeArma ture of a Cable.)

Cabl e, Armor of —T he protec ting
s hea th ing or metal l ic covering on the outs ide
of a submarine or other elec tric cab le.

Cabl e, Ar mored —An elec tric cab le

provided , in add it ion to its insula ting coa t
ing , w ith a protec t ive coa t ing or shea th ing ,

genera l ly of metal tub ing or w ire.

Cabl e-B ox .
—(See B ox , Ca ble.)

Cabl e, B unched —A cab le conta in
ing more than a s ing le w ire or conductor.
Some forms of bunched , lead-covered cables ,

a re shown in Fig . 93 .

Fig . 93 . B unched Ca bles .

Cabl e, B unched, Stra igh taway
Abunched cab le the separa te conductors of

w h ich extend in the direc t ion of the leng th of

the cab le w ithout any tw is ting, being p laced
in success ive layers .

In arranging the separate conduc tors in suc

cessive layers an advan tage i s ga ined in tes ting
for a g iven w ire in order to make a loop , splice,
or branch w ith the next adjoin ing sec tion . This is
rendered s ti ll eas ier by giving the conductors
of the successive layers some distinc tive form of

bra iding in the fibrous insu la tin g ma ter ial , or
some distinctive color.

Cabl e, B unched, Twi sted —A
bunched cable, the separa te conduc tors of

w hich are tw is ted-pairs p laced in success ive
l ay ers .

Each tw is ted-pa ir of a bunched cable ac ts as a
meta ll ic c ircuit, and , moreover , possesses the ad
van tage of avoiding the i ll effects of induction, so
disadvan tageous in te lephone circui ts .

In laying up the tw isted pa irs in success ive
layers in a bunched cable , the direc tion of tw ist
ing i s reversed in each succes sive layer . This
form is especia lly desirable on a l l long cable lines .

In the case of tw i s ted cables for telephone l ines,
the tw ists a re sometimes made as frequen t as one
i n every three o r four inches. In such cases the

cross ta lk of induc tion is inappreciable.

Cabl e, Capac i ty of —T he quan t ity
of elec tric ity required to ra ise a g iven length
of a cab le to a given potent ia l , div ided by the
poten tia l .
T he amount of charge for a g iven potent ial

tha t any s ingle conduc tor w il l take up w ith
the res t of the conduc tors grounded. (See

Capa ci ty , E lectr osta t i c .)
T he ab il ity of a w ire or cable to permit a

certa in quant ity of electric ity to be pas sed
into i t before acquiring a given d ifference of

poten t ia l .
Before a telegraph line or cable can transmit a

signa l to its further end , i ts difference of poten tia l
must be ra ised to a defin ite amoun t dependen t on
the character of the in strumen ts and the na ture of
the system.

T he firs t eff ect of electr ici ty be ing passed into a

l ine is to produce a n accumu la tion of electricity
on the line, s imilar to the charge in a condenser.

Cables espec ia lly act as condensers , and from the

high specifi c inductive capac ity of the in sula ting
ma terials employed, permi t considerable induc
tion to take place be tween the core and the

me ta l lic armor or shea th ing, or the ground .

T he capaci ty of a cable depends on the capaci ty
of the w ire ; i . e. , on i ts length and su rface, on

the spec ific inductive capacity of i ts in sula tion ,

and i ts neighborhood to the earth, or to other
conduc ting w ires , cas ings , armors , or meta l lic
coatings. Submarine or underground cables
therefore have a grea ter capac ity than a ir l ines .

This accumula tion of electr ici ty produces a re

tardati on in the speed of s igna l ing, because the

w ire must be charged be fore the s igna l i s received
a t the distant end , and discharged or neutra lized
before a curren t can be sen t in the reve rse d irce
tion . This la tter may be done by connecting
each end to earth , or by the action of the reverse
curren t i tsel f.
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Til e sma l ler tbe electr os ta t i c capa ci ty of a cable,

t iter cf or e, t lze gr eater i lze speed of s igna l ing . (See

Reta rda t ion .

T he capacity of a cable is measured in mi cro

f a r ads . (See Far ad, M i cr o. )

Cabl e Cl i p.
—(See Cl zjb , Cable.)

Cabl e-Core.
—(See Core qf Cable.)

Cabl e, Core-Rat io of —T he ra tio be
tween the diameter of the insula tion ofa cab le
and the mean d iameter of the s trand .

T he core-ra tio is represented by
(T ;

where D ,

i s the diameter of the insulation ,
and d , the mean

diameter of the strand . Shoul d the extreme
diameter of the strand of a cable be used in cal

culations for in su la tion resistance, inductive capa
c ity, etc .

, erroneous va lues wou ld be obta ined .

T he measured diameter of the copper conductor
is consequen tly decreased some five per cen t . , and ,
in this way , correct va lues are approxima tely
obta in ed —(Cl ark 67° Sa bine . )

Cabl e, Dupl ex —A conduc tor con

s is ting of tw o separa te cab les p laced para llel
to each other.
The duplex cable is used espec ia lly in the a l

ternating current system.

Cabl e, El ectr ic —T he comb inat ion
of an extended leng th of a s ingle insula ted

"

conduc tor, or two or more separa tely insu
la ted elec tric conduc tors , covered externa l ly
with a metal l ic shea th ing or armor.

Str ictl y speaking, the word cable should be

limited to the case of more than a s ing le con

ductor . Usage, however , sanction s the employ
ment of the word to indicate a s ingle insula ted
conductor .

The conducting w ire may con sist of a s ingle
wire, of a number of separa te w ires electr ica lly
connected , or of a number of separa te w ires in
sul ated from one another .

An electr ic cable con sists of the follow ing par ts ,
v 1z . :

( I . ) The conduc ting w ire or cor e.

The insula ting ma teria l for separa ting the

severa l w ires ; and
Th e a rmor or protec ti ng covering , con sist

ing of strands of i ron w ire , or of a meta llic coa t
ing or covering of lead .

As to their posi tion , cables are a er i a l , sub

ma r ine, or undergr ound. As to their purpose ,

[Cab.

they are telegr ap/zi c, telephon i c, or el ectr i c l ig/zt

a nd power cables . As to the number of their
conductors they are s ingle-w i r e or buncbea’

cables . Bunched cables are s tr a ig lztaway or

tw i s ted .

Fig. 94 shows a form of submarine cable the

armor of which i s formed of strands of iron.
w ire .

Cabl e, El ectr i c Light or Power

Acab le des igned to dis tribute the elec tri c cur

ren t employed in elec tric l ight or power sys
tems .

Elec tric light cables are genera lly undergr ound.

They may be subma r ine. (See Cable, E lectr i c.)

Cabl e, Fl at —A cab le, the separate
conduc tors of w h ich are la id-up s ide by s ide
so as to form a flat conduc tor.

Aflat cable i s sui table for house w ork as bei ng
less objec tionable in appearan ce when placed on

the outs ide of ceil ings or wa ll s .

Cabl e, Fl at Dupl ex —Aflat , laid-up
cab le con ta ining two w ires .

Cabl e-Gri p.
—(See Gr iz}, Cable.)

Cabl e-Hanger .
—(See Hang er , Cable.)

Cabl e-Hanger Tongs—(See Tong s , Cable
H a ng er .)
Cabl e Lai d-Up i n Layers—Aterm appl ied

to a cable, a ll the conduc t ing w ires of which

a re in lay ers .
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Cal ahan
’
s Stock Pr i nter.

—(See Pr i nter ,

Stock , Ca laban
'

s .)

Cal ami ne, El ectr ic A crys ta l l ine
variety of s il ica te of z inc tha t possesses pyro
e lec tric propert ies . (See E lectr i ci ty , Py r o.)

Cal-El ectr ici ty.
—(See Electr i ci ty , Ca l .)

Cal i brate.
—T o determine the absolute

or rela t ive va lue of the s ca le div is ions , or of

the ind ica t ions of any elec trica l ins trument ,
s uch as a galvanometer, electrometer, vol

tameter, wa t tmeter , etc .

Cal i brat ing.
—T he act of determining the

a bsolute or relat ive va lue of the deflec t ions ,
o r indica t ions of an electric ins trumen t .

Cal i brat ion ,
.

Absol ute —T he deter
m ina t ion of the absolute va lues of the read
ing of an e lec trometer, ga lvanometer, vol t
meter, amperemeter, or other s imilar instru

men t .
T he ca libration of a ga lvanometer , for ex .

ample, consists i n the determination of the law

which governs i ts difleren t deflections , and by
which is obta ined in amperes , e ither the absolute
or the rela tive curren ts requ ired to produce such
deflections .

For various methods of cal ibra tion , see stan
dard works on electrica l tes t ing , or on elec

Cal ibrat ion , Invar i abl e, of Gal vanom
eter —In ga lvanometers w ith absolute
cal ibra tion , a method for preven ting the oc

currence of variat ions in the in tens ity of the

fi eld of the ga lvanometer, due to the neigh
borhood of mas ses of iron , etc .

Cal ibrat ion , Rel ati ve —T he deter
m ina tion of the rela t ive values of the reading
of an elec trometer, vol tmeter, amperemeter,
or other s imilar ins trumen t .

Cal i per , M i
orometer
—Aname some

t imes gi ven to a

vern ier w i r e
-

g a u g e (See

Gaug e, Vern i er

Aformofmi crometer caliper is shown in Fig . q q.

Ca l l-B el l , Extension

Cal l -B el l , M agneto-El ectr ic —An
elec tric ca ll-bel l opera ted by curren ts pro

duced by the motion of a coil of w ire before
the poles of a permanent magnet .
Awell known form ofmagneto cal l-bel l is shown

in Fig. 96 . T he arma ture is dr iven by the rota
tion of the handle .

Cal l-B el l , Tel ephone —An electric“

hell , the ringing of w h ich is used to ca ll a

person to a telephone.

Cal l , El ectr ic B el l -An electric
bell somet imes used to ca l l

'

the a t ten t ion of an

opera tor to the fac t tha t h is corresponden t
w ishes to commun ica te w ith him , or to not ify
an a ttendan t tha t some service is des ired .

Cal l , M essenger
—A dis tric t call

box . (See B ox , D i str i ct Ca l l .)
Cal l , Thermo-El ectr i c -An ins tru

ment for sound ing an a larm w hen the tem

perature rises above, or fa l ls below , a fixed
poin t .
In one form of thermo-electr ic call a needle is

moved over a dia l by a s imple therm ic device and
r ings 3

.

bel l when the tempera ture for which it
has been se ‘ i s a tta ined . T he thermo-ca l l is appli
cable to the regulation of the temp era ture of
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dwel lings , incubators , hot houses , brewer ies , dry .

ing rooms, etc .

Gal l and Vol taic
’

Cel l .—(See Cel’l , Vol

ta i c, Ca l la ud
'

s .)

Cal l ing-Drop.
—(See D r op , Ca l l i ng .)

Cal orescence.
—T he trans forma tion of

invis ib le hea t-rays in to luminous rays , w hen
received by certa in sol id subs tances .

T he term was proposed by Tynda ll . The ligh t
from a volta ic arc i s passed through a hollow

g la ss lens fi lled w ith a soluti on of i od i ne in bisul ~

ph ide of carbon .

This solution i s opaque to light but qui te trans

p aren t to hea t.
If a piece of charred paper , or thin pla tinum

foi l
, i s placed in the f ocus of these i nvisible rays ,

i t w il l be hea ted to br i llian t incandescence . (See

Focus . )

Cal or ic.
—A term formerly applied to the

fluid w hich was bel ieved to be the cause or

essence of hea t .
T he use of the word ca loric a t the presen t time

i s very un sc ien tific , s ince hea t i s now known to

be an effec t o f a wave motion and not a ma ter ia l
thing . (See bl ea t . )

Cal or i e - Ahea t un it .
There are two ca lor ies , the smal l and the large

ca lor ie .

T he amoun t of hea t requ ired to ra ise the tem

pera ture of one gramme of wa ter from 0 degree Cal or imeter , El ectr ic —An instru

C . to I degree C . i s ca lled the sma l l ca lor i e. men t for measuring the heat developed in a

T he amoun t of hea t requ ired to ra ise
grammes

,
or a kilogramme

,
of water from o de

gree C . to I degree C . i s ca l led the grea t ca lor i e .

T he fi rst usage of the word i s the commoner .

This word i s sometimes spelled ca lory .

Cal or ie, Great -T he amoun t of

hea t requ ired to ra ise the tempera ture of one

ki logramme of water from 0 degree C . to I

degree C .

Cal or ie, Smal l —T he amoun t of

hea t required to ra ise the tempera ture of one

gramme of wa ter from 0 degree C . to I

conduc tor or any piece of electrica l apparatus ,
in a given t ime, by an electric current .

degree C .

Cal or imeter .
—An ins trumen t for measur

ing the amoun t of hea t or therma l energy Fle w . El m” ? Ca lor imeter

con ta ined or developed in a g iven bO dY° Avesse l contain ing water is prov ided w ith a

Thermometers measure tempera ture on ly . A thermometer T, Fig . 97. T he elec tr ic curren t

thermometer plunged in a cup full of boil ing
water shows the same temperature tha t it would
in a tub ful l of boil ing water . T he quan tity of

hea t energy presen t in the two cases is of course

greatly differen t, and can be measured by a cal

orimeter on ly .

Various forms of ca lorimeters are employed .

In order to determine the quan ti ty of heat in
a given weight of any body , this weight may be
hea ted to a defin ite tempera ture, such as the bo il
i ng poin t of wa ter , and placed in a vessel con
ta in ing i ce. The quan tity of i ce melted by the

body i n cooling to the tempera ture of the ice
,
i s

determined by measur ing the amoun t of w ater
-derived from the melting of the i ce . Care mus t
be observed to avoid the melting of the ice by ex
terna l hea t.
In this way the amoun t of hea t required to

ra ise the tempera ture of a given wei ght of a body
a certa in number of degrees , or the capac i ty of

the body for hea t, may be compared w ith the

capac i ty of an equal weight of w a ter. This ratio
is cal led the Spec ific hea t . (See Hea t

,
Specifi c . )

T he hea t energy , presen t in a given w eight of
an y substan ce a t a given temperature, can be de
term ined by means o f a ca lor imeter ; for , s ince a

poun d of wa ter hea ted 1
°
F. absorbs an amount

of energy equal to 772 foot-pounds , the energy can
be readily ca lcula ted if the number o f pounds of
water and the number of degrees of tempera ture
are known . (See Ifea t, M eclzani ca l Equiva len t



passes for a measured time through a w ire im
mersed in the l iqu id .

T he quan ti ty of heat i s determined from the

increase of tempe ra ture, and the weight of the

w a ter heated .

According to Joule , the number of bea t uni ts

developed in a conductor by an electr ic curren t
is proportiona l :

r . ) T o the resistance of the conductor.

T o the square of the curren t passing .

T o the time the curren t i s passing .

(See Hea t Un i t , Eng l i s /z. )
T he hea ting power of a curren t i s as the square

of the curren t only w hen the res is tance rema in s
the same. (See Hea t , E l ectr i c. )

Cal or imetri c.
—Pertaining to or by means

of the calorimeter.

Calor imetr ic measuremen t i s the measuremen t
of hea t energy made by means of the ca lor imeter .

(See Ca lor imeter . )

Cal orimetr i cal l y .
—In a ca lorimetric man

ner.

Cal or imetr ic Photometer.
—(See Pnotom

eter , Ca lor imetr i c .)

Cal or imotor .
—Aname appl ied to a defla

grator. (See D ef l ag r a tor .
)

Cal ory.
—Aterm used for ca lor i e.

Ca lorie i s the preferable orthography .

Ca lor ie. )

Cam, El ectro-M agneti c —A form

of magnet ic equa l izer, w hich depends for its
Opera t ion on the la tera l approach of a suita
bly shaped polar surface. (See Equa l iz er .

M ag net i c.)

Cam, Li sten i ng —In a telephone
exchange sys tem , a meta llic cam by means of

w hich an Opera tor is p laced in circui t w ith
a subscriber.

Candl e. T he un i t of photometric in tens ity.

Such a l ight as w ould be produced by the
consumption of two gra ins of a s tandard
candle per minute.

(See

An electric lamp of 1 6 candle-power , or one of

candle-power, i s a l ight tha t g ives respec t
ively 16 or times as much light as one stand
ard candle.

Candl e Burner , El ectr i c —(SeeB ur
ner , E lectr i c Candle.)

[Can .

Candl e, El ectr i c —A term appl ied
to the Jablochkoff cand le, and other s imi lar
devices . (See Candle,jabloc/zboj

’

d )

Cand l e,
Foot —A un it of il lumina

t ion equa l to the i l lumina tion produced by a‘

s tandard cand le at the d is tance of 1 foot .
According to this un i t, the il lumination pro

duced by a standard candle at the dis tance of

2 feet wou ld be but the one-fourth of a foot
candle ; a t 3 feet , the one-n inth of a foot-candle

,

etc .

T he advantage of the proposed standard lies in
the fac t tha t know ing the i llumina tion in foot
candles requ ired for the particul ar work to be

done, i t i s easy to calcula te the position and
‘

intens ity of the l ights requ ired to produce the

i llumina tion .

Candl e, Jabl ochkofi' An e lectric
are l ight in w hich the two carbon elec trodes are
p laced para l lel to each other and ma inta ined
a cons tan t d is tance apart by means of a sheet
of insula t ing ma terial p laced betw een them.

T he Iablochkofl
'

electr ic candle consists of two

pa ra llel carbons , sepa ra ted by a layer o fkaol in or

other hea t-res isting in sul ating ma terial , a s shown

i n Fig. 98. T he curren t is passed into and out oi

the car bons at one end of the

candle, and forms a voltaic are at

the other end . In order to star t
the are, a thin strip cal led the

ign i ter , consisti ng of a m ix ture of

some readily ign itable substance ,
connects the upper ends of the

carbons.

An a lternating curren t is em

ployed w ith these candles , thus
avoiding the d ifl‘i cul ty which Fig . 08' J a ‘

wou ld otherw ise occur from the
”oak/kw: Gama“

more rapid consumption of the positive than the
nega tive carbon . (See Current , Al terna t ing . )

Candl e, M etre —T he illumination pro
duced by a s tandard cand le a t the d is tance of

one metre. (See Ca ndle, Foot .)

Candl e-Power .
—(SeePower , Ca ndle.)

Candl e-Power , Rated —(See Power ,
Ca ndle, Ra ted .)

Candle «Power , Spher ical

Power , Ca ndle, Sp lzer i ca l .)
Candl e, Standard —A candle of
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defin ite compos ition w hich , w ith a gi ven con

sumpt ion in a g iven t ime , w il l produce a l ight

[Cap

o i a fi xed and defin ite brightness .

Acandle which burns 120 grai ns of sperma .

ceti wax per hour , or 2 gra ins per minute , w i l l

give an il lumina tion equal to one s tanda r d candle.

Un less cons iderable care i s taken , erroneous re

sul ts w ill be obta ined from the use of the stand
According to Sl ingo and B rooker

the follow ing are among the most importan t
ard candle.

causes of these errors

( I . ) Defective forms of candle which cause a

varying consumption of the ma ter ia l per second ,
and consequen tly a vary ing light for the standard
candle.

Varia tions in the compos i tion of the sper
maceti of which the candle is composed. Sper
maceti is not a defin ite chemica l compound , but
consists of a mix ture of various substances
therefore, even i f the consumption i s ma inta ined
constan t, the l ight-giving power i s not necessarily
con sta n t.

Varia tions in the composi tion and charac
ter of the w ick , such as the number and s i ze of

the threads ‘

ofwhich it is formed and the c loseness
of the strands, al l ofwhich circumstances influence
the amoun t of l ight given ORby the cand le .

T he l ight em itted in cer ta in direc tion s v a
ries in a marked degree with the shape of the

wick . T he mere bending of a w ick may , there
fore, cause the amoun t of light to vary cons ider .

ably.

T he l ight varies w ith the th ickness of the
wick . Thick w icks give less l ight than th in
w icks.

The l ight given by the standard candle v a

ries w ith the tempera ture of the testing-room .

As the temperature rises the l ight given by the
standard candle increases.

Currents of a ir . by produc ing varia tions
in the amoun t of melting w ax in the cup of the

candle, vary the amoun t of l ight emitted .

These diffi cu l ties in obta in ing a fixed amoun t of
l ight from a standard candle,

together w ith the

diffi cu lty of compar ing the feeble light of a s ingle
candle w i th the l ight of a much more powerfu l
source , such as an arc lamp

, coupled w ith the
ad diti ona l diffi culty aris ing from the d iflerence in

the colors of the lights , have led to the use of

other standards of l ight than those furni shed by
the s tandard candle.

Caontchouc. or India~Rubber .
—A res in

Capaci ty , El ectrostat ic —T he quan
t ity of elec tricity wh ich mus t be imparted to a
gi ven body or conduc tor as a charge , in order
to raise its poten t ia l a certa in amount . (See
Potenti a l , Electr i c.)
T he electrosta tic capacity of a conductor is not

un like the capac ity of a vesse l fi l led w i th a liquid
or gas . Acerta in quan tity of l iquid w ill fi ll a
given vessel to a level dependen t on the size or

capac ity of the vesse l . In the same manner a

g iven quan ti ty of elec tric ity w ill produce, in a

conductor or condenser , a certa in difference of

electric level , or difference of poten tia l , dependen t
on the elec trica l capaci ty of the conduc tor or

condenser .

O r , taking the analogous case of a gas
-tight

vessel , the quanti ty of gas tha t can be forced into
such a vesss l depends on the s ize of the vesse l
and the pressure w ith which i t is forced in . A
ten sion or pressure is thus produced by the gas
on the wa lls of the vessel , which i s grea ter the
smal ler the si ze of the vesse l and the grea ter the
quan ti ty of gas forced in .

In the same manner , the smaller the capaci ty
of

'

a conductor, the sma ller is the charge required

ous subs tance obta ined from the milky juices
of certain trop ica l trees .

Caoutchouc possesses high powers of electri c
insula tion , and is used e ither pure or combined
w ith sulphur.

Cap , Insul ator A covering or cap
p laced some d is tance above an insula tor, but
separa ted from it by an air space .

Insula tor caps are intended for protection of the

insula tors from injury by the throw ing of stones
or other ma l icious ac ts . In sulator caps are gen

eral ly made of iron. They are highly objec tion
able, ow ing to the fac i lity they ofler for the ac

cumula tion of dus t and dir t.

Capaci ty , Atomic T he quantiva

lence or va lency of an a tom . (See Atomi
c i ty .)

Capac i ty. D iel ectr i c —A term em

ployed in the same sense as spec ific induc tive
capac ity. (See Capa ci ty , Specific Induct i ve.)

Capaci ty , El ectr o-Dynami c -A
term formerly emp loyed by Sir W il l iam
Thomson for self-induc t ion . (See Induct ion ,
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to raise i t to a given potenti a l , or the higher the
poten tia l a given charge w ill ra ise i t .
T he capaci ty K, of a conductor or condenser ,

is therefore directly proportiona l to the charge Q ,

and inversely proportiona l to the poten ti a l V ; or ,

Q
I

V

From which we obta in Q KV ; or ,

The quan t i ty of el ectr i ci ty r equ i red to cha rge a

conductor or conden ser to a g iv e n potent i a l i s

equa l to the capa ci ty of the conductor or conden ser

mu l t ip l ied by the poten t i a l thr ough whi ch i t i s

r a ised .

Capaci ty , El ectrostati c, Un i t of

Such a capac ity of a conductor or condenser
tha t an elec tromot ive force of one vol t w il l

charge it w ith a quan tity of elec tricity equa l

to one coulomb .

T he farad . (See Far ad .)

Capaci ty of Cabl e—(See Cable, Capa ci ty

Capaci ty of Condenser.
—(See Condenser ,

Capa ci ty of .)

Capaci ty of Leyden Jar . (See

Leyden , Capaci ty of .)
Capac i ty of Line.

—(See L i ne, Capa ci ty

7a r ,

Capaci ty of Pol ar i zat ion of a Vol tai c

Cel l .—(See Cel l , Volta i c, Capa ci ty of Pola r
i za ti on of .)

Capaci ty , Safe Carry ing , of a Conductor
—T he maximum elec tric curren t the

conductor w il l carry w ithout becoming unduly
heated.

Capaci ty, Speci fi c Induct i ve
T he abil ity of a d ielectric to permit induc t ion
to take place through its mas s , as compared
w ith the ab il ity possessed by a ma ss of a ir of

the same dimens ions and th icknes s , under
precis ely s imilar conditions .

T he rela tive power of bodies for trans
mit ting elec tros tat ic s tresses and s tra ins
analogous to permeab il ity in meta ls .

T he ra tio of the capac ity of a condenser
whose coa tings are separa ted by a dielec tric
of a gi ven subs tance to the capaci ty of a

s imilar condenser w hose plates are separa ted
by a pla te or layer of air.

T he inductive capacity of a dielec tr ic i s com

pared w ith tha t of a ir .

According to Gordon and others, the specific
inductive capac ities of a few subs tances , com
pared w i th air, are as fol lows

G lass to

Shel lac
Sulphur
Gutta-percha
Ebon i te
India-rubber to

Turpen tine 2. 160

Petroleum to

Paraffin (sol id )
Carbon bisulphide
C arbon ic acid
Hydrogen
Vacuum

Faraday, who proposed the term specifi c in .

ductive capaci ty ,
employed in hi s exper imen ts a.

condenser cons is ting of a metall ic SphereA,

99, placed inside a large

hol low sphere B .

T he concen tric space
betweenAand B was fi l led
w i th the substance whose
specific inductive capac ity
was to be determined .

Capaci ty , Speci fi c

M agnet ic
—Aterm

sometimes employed in

the sense of magnetic
permeab il ity .

Conduc t ibil ity for l ines
of magnet ic force in the
same sense tha t specific
induct ive capac ity is con
duc tibil ity for l ines of

electros ta tic force.

This term has received
the name of Specific mag

netic capacity in order to distinguish it from specific
inductive capac ity . T he veloci ty of propaga tion
of waves in any elastic medium i s proportiona l to
the quotient obta ined by extracting the square
root of the elastic ity of the medium divided by
the square root of i ts density ; or ,

Fig 99. Condenser .
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Similarly , the speed w ith which induc tive w aves
travel depends on the rela tion be tw een the elas

tit and the density of the medium. Ca ll ing 1
1

2,

the elec tric elas tici ty , then its rec iprocal , K, corre

Sponds w ith the dielectr ic capac i ty . T he elec
trica l density, ,

u , corresponds w it h the magnetic
permeability . T he veloc ity of wave tran smiss ion
is therefore,

Capaci ty , Storage, of Secondary Cel l

(See Cel l , Seconda ry or Stor ag e, Capa

Capi l l ar i ty. T he eleva t ion or depres s ion
of l iqu ids in tubes of sma ll in terna l diameter.

T he li qu id i s eleva ted when i t w ets the w a lls,
and depressed when i t does not wet the w a lls of

the tube.

T he phenomena of capillar ity are due to the

mu tua l a ttrac tions existing between the mole
cules of the liqu id for one another , and the

mutua l a ttraction betw een the mo lecules of the

liquid and those of the w a lls of the tube .

In capillar ity , therefore, the approximately
level surface caused by the equa l attraction of al l

the molecules tow ards the earth’s centre i s d is
turbed by the unequa l a ttraction exerted on each
molecule by the walls of the tube and by the re

ma in ing molecules.

Capi l l ar i ty , Effects of, on Vol ta ic Cel l

—Effec ts caused by cap il la ry a c t ion
w h ich dis turb the proper a ct ion of a volta ic
cell .

These efi
’

ects are as follows
Creeping, or efll orescence of sa lts . (See

Cr eep ing , Electr i c. Eflor es cence. )

O xida tion of con tac ts and consequen t in .

troduction oi increased res istance in to the ba ttery
circu it. T he l iqu id en ters the capi llary spaces
between the con tac t sur faces and oxidizes them.

Cap i l l ary —O i a sma l l or ha ir-l ike diame

ter or s ize.

A capillary tube is a tube of smal l hair-l ike di
ameter . (See Cap i l l a r i ty . )

Capi l l ary Attractiom—(See Attr a ct i on ,

Cap i l la ry .)

[Ca i n

Cap i l l ar y Contac t-Key .
—(See Key , Cap

z
'

l la ry Con ta ct .)
Cap i l l ary E l ectrometer .

—(See Electrom
eter , Cap i l la ry .)

Carbon .
—An elementary subs tance w h ich

occurs na tura lly in three dis t inc t a llotroptc

forms , viz .: charcoa l , graphite and the dia

mond . (See Al lotr opy .)

Carbon-B rushes for El ectr ic M otors .

(See B r usbes , Ca rbon , f or Electr i c M otor s .)

Carbon B utton.
—(See B utton , Ca rbon .)

Carbon-Cl utch or Cl amp of Arc Lamp.

(See Clutc/z, Ca r bon , of Ar c Lamp.)
Carbon-El ect rodes for Are Lamps—(See

E lectrodes , Ca r bon , f or Ar e Lamps .)

Carbon-Hol ders for Are Lamps .
—(See

H older s , Ca rbon , f or Ar c L amps .)

Carbon Poi n ts—(See Poi nts , Ca rbon .)

Carbon T ransmi tter for Tel ephones.

(See T r a nsmi tter , Ca rbon , f or T clep/zones .)

Carbon i cAcid Gas .
—(See Ga s , Ca rbonz

’

c

Aci d .)

Carbon i ng Lamps.
—(See La nzfi s , Ca rbon

i ng .)

Carbon i zabl e.
— Capable of being carbon

ized . (See Ca rbon z
'

z a tz
'

on , Pr ocesses of .)

Carbon i zat ion .
-T he act of carbon iz ing.

(See Ca rbonz
'

z a tz
’

on , Processes of .)

Carbon izat ion , Processes of

M eans for ca rbon izing material .
T he carbon izable ma teria l i s placed in sui tably

shaped boxes , covered w ith powdered plumbago
or lamp-black , and subjected to the prolonged
action of in tense hea t while out of contact w i th
a ir .

The electrica l conducting pow er of the carbon
which res ults from this process i s increased by the
action ot the hea t, and , p robably , a lso, by the de
pos i t ia the mas s, oi carbon resul ting from the

subsequen t decomposition of the hydro-carbon

gases produced dur ing carboniza tion.

When the ca rbon ization is for the purpose of

producing conductors for incandescen t lamps , in
order to obta in the un ifo rm ity of conduc ting
power , electr ical homogeneity , pu r ity and high
refractory power requ isi te , selected fibrous ma

teri al
,
cut or shaped in a t leas t one dimttnsion



pr ior to carbon iza tion , mus t be taken , and sub

jected to as nearly un iform . carbon i za tion a s pos

s ible.

Carbon i ze.
—T o reduce a carbon izable ma

t eria l to carbon . (See Ca rbonz
‘

z a tz
’

on . Pr o

cesses of .)

Carbon i zed Cl oth Di scs for High Res i st

anceS.
— (See Clot/z D i scs Ca rbon z

’

zed , f or

H zg /z Res t
‘

sta nces .)

Carbon i zer .

—Any appara tus suitable for
reduc ing carbon i zable ma teria l to carbon .

Carbon iz i ng .
— Subject ing a carbon i zab le

s ubs tance to the process of carbon iza t ion .

(See Ca rbonz
’

z a tz
’

on , Processes of .)

Carbons, Ar t ifi cial Carbons oh

t a ined by the carbon iza tion of a mixture of

pulverized carbon w ith d ifferen t carbonizable
l iquids .

Powdered coke, or gas-retor t carbon , some

t imes mixed w ith lamp-black or charcoa l , is made
i n to a stiff dough w ith molasses , tar , or any other
hydro-carbon liquid . T he mixture is molded
in to rod s , penc ils , pla tes , bars or other des ired
shapes by the pressure of a powerful hydrau l ic
press . After drying , the carbon s are placed in
cruc ibles and covered w i th lamp-black or pow

dered plumbago, and ra ised to an in tense hea t a t
which they are ma in ta ined for severa l hours . By

the carbon iza tion of the hydro-carbon l iqu ids , th e
carbon paste becomes strong ly coherent , and by
the action of the heat i ts conducting power in
creases .

T o g ive increased den si ty after bak ing , the

carbons are sometimes soaked in a hyd ro-ca rbon
l iqu id , and subjec ted to a re-baking. This may
be repea ted a number o f times.

Carbons, Concentr i c-Cyl indr ical
Acyl indrical rod of ca rbon p laced ins ide a hol
low cyl inder oi carbon but s eparated from i t
by an a ir space , or by

‘

some other insula t ing ,

refrac tory ma terial .

Jablochkof
’f candles sometimes are made w ith a

solid cylindrical elec trode, concen tr ica lly placed
in a hollow cylindr ica l car‘bon .

Carbons , Cored —Acyl indrica l carbon
electrode for an arc lamp tha t is molded
a round a cen tral core of charcoal , or other
s ofter carbon .

[Can

M uch of the un steadiness of the are light is due
to changes in the pos ition of the arc . Cored car

bon s , i t i s cla imed , render the arc light s teadier ,
by ma in ta in ing the arc a lways a t the softer carbon
and hence a t the cen tra l point of the elec trode .

Acore of harder ca rbon , or other refractory
mater ial , i s sometimes provided for the nega tive
ca rbon .

Carbons, Fl ash ed —Carbons w h ich
have been subjec ted to the flashing pro

cess . (See Ca rbons , Fla sbz
’

ng Pr ocess f or .)

Carbons, Fl ash i ng Process for -A
process for improv ing the elec trica l un iformity
o f the carbon conduc tors employed in in

candescent l ight ing , by the depos it ion of car

bon in their pores , and over their surfaces a t
those p laces where the elec tric res is tance is
rela tively grea t .

T he carbon conductor or fi lamen t i s placed in
a vessel fi lled w ith the vapor of a hydrocarbon
l iqu id called rhigolene, or any other readily de
composable hydrocarbon liquid , and gradua lly
ra ised to electr ic incandescence by the passage
through it of an electr ic curren t. Adecomposi
t ion of the hydrocarbon vapor occu rs , the car

bon resu l ting therefrom be ing depos i ted in and on

the conduc tor .

As the curren t i s gradual ly increased , the

parts of the conductor fi rst rendered incandes
c en t are the places where the electr ic resist
ance is the highest, these pa rts, therefore , and

p ractica lly these par ts on ly , rece ive the depos its
of carbon . As the curren t increases, other
portion s become success ively incandescen t and
receive a depos i t of ca rbon , un til a t la st the
fi lamen t glow s w ith a un iform br illiancy , in

d icative of i ts electric homogeneity .

Acarbon whose resistance var ies con s iderably
a t differen t par ts cou ld not be succe s sfully em

p loyed in an incandescent lamp , s ince i f hea ted
by a curren t suffi cien tly grea t to render the poin ts
of compara tively smal l res istance sa tisfactor ily
incandescen t, the tempera tu re of the po in ts of

high resistance would be such as to low er the l i fe
of the lamp, while i f on ly those por tions w ere

safely hea ted , the lamp w oul d no t be economica l .
T he flashing process i s ther efore of very grea t
va lue in the manufacture of an incandescen t
lamp .

T he name flashing w as applied to the pro
c ess by reason of the flashing l ight em itted by the
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In electri c case-hardening, the superficia l layers
of a piece of iron are converted in to steel by
electr ica lly hea ting the same, while surrounded
by a layer of case-harden ingflux and carbonaceous
substances such as an ima l charcoa l , shavings o f

horn ,
lea ther cuttings or o ther s imila r subs tances .

In the case of a readily oxidizable meta l l ike
iron , oxidation is preven ted by surrounding the

meta l by a hydrocarbon gas, which , w hen suffi

cien tly hea ted, deposits on the surfaces a pro

tectiv é coating of carbon . This layer of carbon

gradua lly Carbon izes the iron .

CaseWi ri ng.
—(See Wzrzng , Ca se.)

Cataphores i s.—A term somet imes em

ployed in p lace of electric osmose. (See 0s
mose, E lectr i c .)
T heword cataphoresis applies to the cases w here

medicina l Substances , such as iodine, cocoa ine,

quin ine, etc .
, a re caused to pa ss through organ ic

tissues in the direction of flow of an elec tri c cur

ren t, or from the anode to the kathode . This
action is probably due to an elec trolytic action .

Cataphor i c Action.
—(See Acti on , Ca ta

Catch , Safety —Aw ire, pla te, s trip ,
or box of readily fus ib le meta l , capable of con
duct ing , w i thout fus ing , the curren t ordinarily
emp loyed ou the c ircuit , but w h ich fuses and
thus breaks the c ircuit on the passage of an

abnormally large current .
Safety-catches are generally placed onmu ltiple

arc and mul tiples eri es c ircuits . (See Fuse,

Catel ectrotonus—An orthography some

t imes app lied to Kathelectrotonus . (See
Ka t izelectrotonns .)
C

'

athetometer.
—An ins trumen t for the ao

cura te measurement of vertica l height.
T he ca thetometer cons ists essen tially of an

accura tely divided vertica l rod which carr ies a

sl iding support for a telescope. T he telescope is
provided w i th two spider l ines at r ight angles to
one another, so placed as to be seen in fron t of
the objec t whose height i s to be measured . From
observa tions taken in different positions , the

measuremen t of the truever tica l height i s readily
obtained .

Cath ion.
—Aterm sometimes used ins tead

of Kathion .

[Cau.
.

—Aburning or sear

M ore correctly wri tten Kathion.

Ka t/zi on .)
Cathode—Aterm sometimes used ins tead

of Ka thode.

Catoptr i cs.—T ha t branch of optics which
trea ts of the reflec t ion of l ight .

Causty , Gal vano —A term some

t imes used for galvano-cautery. (See Ca utery ,

Ga le/ano.)
Cauter i zation.

—T he act of cauteriz ing , or
‘

burn ing w i th a hea ted solid or caus t ic sub

s tance.

Cauter i zation , El ectr i c —Subjec t
mg to cauteri za t ion by means of a w ire elec

trica lly hea ted . (See Cautery , Electr i c .)

Cauteri ze.
—T o subject to cauteri za tion , or

burn ing w ith a hea ted sol id or caus tic sub-r

s tance.

Cauter i zer , El ectr i c Aterm some

t imes appl ied to an elec tric cautery. (See
?

Ca utery , Electr i c .)

Cautery ,Actual
ing w ith a white-hot meta l .

Cautery Battery
—(SeeB a ttery , Ca utery .)

Cautery, El ectr ic —An ins trument .

used for electric cauteriza t ion .

In elec tro-therapeutics , the appl ica t ion of:

various ly shaped pla tinum w ires hea ted to in-r

candescence by the elec tric curren t in p lace
of a knife, for removing d iseased grow ths ,

'

or.

for s topp ing hemorrhages .

T he operation , though pa inful during appl ica
r

tion ,
i s a fterward less pa inful than tha t w ith a s

kn ife
, s ince secondary hemorrhage seldom occurs, .

and the wound rapidly heals .

Electr ic cau tery i s applicable in cases where '

the kn ife would be inadmissible ow ing to the .

s itua tion of the parts or their surroundin gs .

Cautery , Gal vano —A term fre

quen tly employed in p lace of electric cautery.

(See Cautery , Electr i c .)
Cautery, Gal vano El ectr i c .

electric cautery . (See Ca utery , E l ectr i c .)

Cautery, Gal vano Thermal -A
term sometimes used for an electric cautery.

See Cautery , E lectr i c .)
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Cautery-Kn i fe El ectrode. (SeeElectr ode

Cautery, Thermal —A cautery
heated by hea t other than tha t of elec tric or i

gin , a s dis t inguished from an electric cau tery .

(See Ca utery ,
Electr i c.)

Cei l i ng Rose.
—(See Rose, Cei l ing .)

Cel l , Depos i ti ng —An elec trolytic
cel l in wh ich an elec tro-meta llurgica l depos it is
made , (See M eta l lurgy . Electro.)
Cel l , El ectrol ytic —Acel l or ves sel

conta ining an electrolyte , in which elec trolys is
is carried on .

An electrolytic cel l 15 called a vol tameter when
the value of the curren t passmg i s deduced from
the w eight of the meta l depos ited .

Cel l , Impul sion —A photo-electric
cell w hose sens it iveness to l igh t may be re

s tored or des troyed by s l igh t impuls es g iven
to the pla tes , such as by blows or taps , or elec
tro-magnetic impulses ,

An impuls ion cell may be prepared by pasting
pieces of tin-foil, the Opposi te faces of which are

respec tively polished and du ll , on the Opposite
faces of a pla te o f glass , so a s to expose d issimi
lar s ides to the l ight, when the cells are dipped
in a lcohol.

Cel l , Photo-El ectr ic -Acel l capa ~

ble of producing d ifferences of potent ia l
when its oppos ite faces a re unequa lly exposed
to rad ian t energy .

Photo-volta ic cells are made in a variety of

forms , bo th w i th selen ium and w ith differen t me

tall ic subs tances . (See Cel l , Sel en ium. )

Cel l , Porous —Ajar of ungla zed
earthenware, emp loyed in double-fluid volta ic
cel ls , to keep the two l iquids separa ted .

T he use of a porous cell necessar ily increases
the interna l res istance of the cell , from the de

crease it produces in the a rea of cross section of

l iquid be tween the tw o elemen ts . When the bat
tery is dismantled , the porous cells should be
kept under wa ter

, otherw ise the crystal li za tion of

the zinc sulpha te or other sal t i s apt to produce
ser ious ex fol ia tion , or sca ling off , or even to

crumble the porou s cell .
Aporous cel l i s sometimes called a diap/zragm,

but on ly properly so when the cel l i s reduced to

a s ingle separa ting pla te . (See Cel l , Vol ta i c. )

[Ce].

Aterm sometun esCel l , Secondar y
used ins tead of s torage cell .

T he term secondary cell i s u sed in contradis

t inc tion to primary or vol ta ic cell .

Cel l . Secondary or Storage. B oi l ing of

—A term sometimes app l ied to the

gass ing of a s torage cell . (See Cel l , Storag e.
Ga ss i ng of .)

Cel l , Secondary or Storage, Capaci ty of

—T he product of the curren t in am

peres , by the number of hours the ba ttery is
capab le of furn ish ing sa id current , when
ful ly charged ,

until exhaus ted.

T he capacity of storage cel ls is given in ampere
hours . As torage ba ttery w ith a capacity of
ampere-hou rs can furn ish , say a curren t of fi fty
amperes for tw en ty hours , or a curren t of one

hundred amperes for ten hou rs ; or a current of
twenty-five amperes for forty hours .

Cel l . Secondar y or Storage, Gassi ng of

—An escape of gas due to the decom

pos i tion o l wa ter on pas sage of too s trong a

charging curren t .

Cel l , Secondary or Storage, Renovation
of —T he rev iv ify ing or recharging of a

run-down. or discharged s torage cel l .

Cel l , Secondary or Storage, T ime-Fal l

of E lectromot i ve Force of —(See

For ce . Electr otnoti v e of Seconda ry or

Stor ag e Cel l , Tfi ne
-Fa l l , of .)

Cel l . Secondary or Storage, T ime-Ri se

of El ectromot i ve Force of —(See
For ce, Electr omoti 'oe of , Seconda ry or

Stor ag e Cel l , T ime

Cel l , Sel en ium A cel l cons is ting
of a mas s of selen ium fused in betw een two
conduc t ing w ires or electrodes of plat in ii ed

s ilver or other suitab le meta l .

A convenien t manner of form ing a selen ium
cel l is to w ind two separa te spirals of pla tin ized
s ilver w ire a round a cylinder of ha rd wood , tak
i ng ca re to ma inta in them a constan t dis tance
apart, so as to avoid con tac t between them. The

space between these w i res is fi lled w ith fused sele
n ium , w hich i s a l lowed to coo l gradually .

Exposure to sunl ight reduces the resistance of

a selen ium cel l to abou t one-ha lf i ts resis tance in
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the dark , but neither the res istance nor the redue

tion ra tio long rema i ns constant.
Aselenium cel l produces a difference of poten

tial
,
or e lectromotive force, when one of i ts elec

trode faces i s exposed to li ght, while the other is

kept i n darkness.

According to Von Uljanin , who experimen ted
w ith se

'

.en ium melted in between two para lle l
pla tinized pla tes , cooled under pressure , and then

reduced from the amorphous to the sen s i tive cry s

tal line var iety by gradual cool ing a fter two or

three beatings in a parafline ba th up to 195 de

grees , the foll ow ing pecu liar ities were observed :
Exposure of one of the electrodes to sun

l ight produced an electromotive force which
causes a curren t to flow from the dark to the

illumined electrode.

T he maximum electromotive force w as

0 . 12 volt.
T he electromotive force disappeared in stan

taneousl y and completel y on the darken ing of the

electrodes .

A slight difference in the electromotive
force w as observed when the positive and nega

tive electrodes were a l terna tely exposed to the

l ight, the maximum electromo tive force being
atta ined by the exposure of the nega tive elec trode .

If both electrodes are simi larly i llumined
the resu lting curren t s trength i s decreased and

may reach zero .

T he action of l ight i s in stan taneous.

M ost of the selen ium cells experimen ted
w ith exhibited an electromotive force of polariza
tion .

T he electromotive force of polar izat ion i s
dimin ished by exposure to l ight .

T he electr ica l res istance and sens itive
ness to light as regards the production of an

electromotive force decrease w ith time . This
i s probably due to a gradual

.

change in the a l lo
tropic sta te of the selen ium. (See Sta te, Al lo
trop ic. )

The electromoti ve force produced i s pro
portiona l to the in tensity of the illumination on ly
when the obscure rays or hea t rays are absen t .

O f differen t wave lengths the orange-y el
low rays in the diffraction spec trum

,
and the

greeni sh-yellow in the pr isma tic spectrum pro

duced the grea tes t effect.
Among some of the more recent applica tions

of selen ium cells a re the follow ing :
A selen ium cell is so placed in a c ircu it

con tain ing an electro-magne t and sw itch , tha t on

[Ce].

one of i ts e lectrodes being exposed to the de
creased i llumination o i coming n ight i t au tomat
ical ly turns on an electr ic lamp , and , conversely ,
on the approach of daylight, and the consequen t
illumina tion of the electrode , turn s i t off .

A device whereby the presence of l ight,
a s for example tha t carried by a. burglar , au to
mat ical ly r ings an a larm and thus calls the atten
tion of the watchman of the bu ilding .

Cel l , Standard —(See Cel l , Volta i c,
Sta nda rd .)

Cel l , Storage —T wo relatively inert
p la tes of metal , or of metal lic compounds ,
immersed in an elec trolyte incapable of acting
cons iderab ly on them unt il a fter an electric
current has been pa ssed through the l iquid
from one pla te to the other and has changed

their chemical rela tions.
As ingle one of the cel ls required to form

a secondary ba ttery.

Sometimes , the jar containing a single cel l

is cal led a s torage cel l .
This latter use of the word is objectionable .

Astorage cel l i s a lso called an accumu la tor .

O n the passage of an electr ic current through
the electrolyte, i ts decompos ition i s effected and
the electro-pos i tive and electro-negative radica ls
are deposited on the plates , or un ite w ith them,

so tha t on the cessa tion of the charging curren t,
there rema ins a vol tai c cell capable of genera ting
an electric curren t .
Astorage cell i s cha rged by the passage through

the l iquid from one pla te to the other of a n elec
tric curren t, derived from any externa l source.

T he c/za rgi ng cur r en t produces an electroly tic de
compos ition of the inert liquid be tw een the

pla tes
,
depos iting the el ectr o-pos i t iv e r a di ca l s

, or

ba t/t ion s , on the pla te connected w ith the nega tive
termina l of the source , and the electromegative

radica ls , or on i ons
,
on the plate connected w ith

the pos itive terminal .
O n the cessation of the charging curren t, and

the connection of the charged pla tes by a con

ductor outside the liqui d, a curren t i s produced,
which flow s through the l iqu id from the pla te
covered w ith the electro-positive radicals, to that
covered w ith the electro -negative radica ls , or in
the oppos i te di r ect ion to t/za t of tbe cli a rgi ng cur

T he simplest storage cel l is Plan té
’
s cell , which ,

a s or igina l ly constructed , con s ists o f two p la tes of
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lead immersed in dilute sulphur ic ac id , H2
80

4
.

O n the passage of the charg ing curren t, the pla tes
Aand B

,
Fig . 101

,
dipped i n H

Z
SO

4 ,
are covered

respec ti vely w ith lead peroxide, PbO , ,
and fi nely

divided , spongy lead. T he peroxide is formed on

the pos iti ve pla te, and the meta ll ic lead on the

negative pla te . T he ac id and wa ter should have
a specific gravity of about When the cel l
is fully charged the ac id solution loses i ts c .c 1 r

ness and becomes milky in appearance, and the

Fzgs . 1 0 1 a nd 1 02 . Stor ag e Cel l .

spec ific gravi ty increases to 1 . 195 . This in crease
is a good s ign of a full charge.

When the charging current ceases to pass , the
cel l discharges in the Oppos ite direction

, v iz . ,

from B '

toA
'

, tha t i s , from the spongy lead plate
to the peroxide pla te through the electroly te, as
shown in Fig. 102.

As a resul t of this discharging curren t the per
oxide, PhO z ,

on A'

, gives up one of i ts a toms of

oxygen to the spongy lea d on B
'

,
thus leaving

both pla tes coa ted w i th a layer of PbO ,
lead

monoxide, or li tharge . When this change is

thoroughly effected , the cel l becomes inert, and
w i ll furn ish no further curren t un ti l aga in charged
by the pa s sage of a curren t from some externa l
source.

In order to increase the capac ity o f the storage
cells , and thus prolong the time of the ir discharge,
the coating of lead monoxide thus left on each
of the plates , when neu tra l , i s made as grea t a s
poss ible. T o effec t this , a process ca lled f orming
the p l a tes

” i s employed , which con i s ts in fi rs t
charging the pla tes as a lready descr ibed

,
and

then revers ing the direc tion of the charging cur

ren t, the curren ts being sen t through the cel l in
alterna tely opposite directions , un ti l a consider
able depth of the lead pla tes has been acted on .

It w il l be not iced that dur ing the action of the
c/za rg i ng curren t, the oxygen i s transferred from
the PbO , on one plate, to the PbO

, on the other
plate , thus l eav ing one Pb, and the

'

other PhO , ;
and tha t on d i sc/forgi ng , one a tom of oxy gen is

81 [Cel .

transferred from the PbO
, ,
to the Pb , thus leav

ing bo th pla tes covered w ith PbO . In reality
this is but the fina l resu lt of the acti on , hydra ted
sulpha te of lead, PbO , 11 280“

be ing formed .

a nd subsequentl y decomposed. O ther com

pounds a re formed tha t are but imperfectly u n

derstood .

In order to decrease the time requ ired for form
ing , accummators , or secondary ce lls , have been
constructed , in which meta ll ic pla tes covered w i th
r ed l ead Ph

s
0
4
replace the lead p '

ates in the

origina l Plan té cel l . O n charging, the Ph304
i s peroxidized a t the anode z e. , converted in to
PbO , , and deoxidized , and subsequen tly con

verted into meta ll ic lead a t the ka thode. O r , in

place of the above Pb 5 04 , red lead i s pla ced on
the anode and PbO , or l i t/l a rge, on the ka thode .

Pla tes of compressed litharge have a lso been
recen tly used for th is purpose. Storage cells so

formed have a grea ter s torage capac ity per un it
weight than those in which a gr id i s employed ,
but a higher res is ta nce .

In a l l cases w here a metal plate is employed
va rious irregular ities of surface a re given to the
pla tes , in order to increa se their exten t of surface
and to afford a means for preven ting the separa
tion of the coa tings . T he meta ll ic form thus
provided is known techn ica lly as a gr i d .

Un less care i s exerc ised , the pla tes w ill duck/e
from the difference in the expan s ion of the lead
and i ts fi lling of oxide . This buckling is a ttended
w i th an increase in the resistance of the cell and
the gradual separa tion of the oxides tha t cover or
fi ll i t .

Cel l , Thermo-El ectr ic A name

appl ied to a thermo-electric couple. (See

Coup le, Tkarma-Electr i c .)

Cel l , Vol ta ic —T he comb ina t ion of

two meta ls , or of a meta l and a meta l loid ,

w hich, w hen dipped in to a l iquid or l iquid s
ca lled elec trolytes , and connec ted outs ide the

l iquid or l iqu ids by a conduc tor, w il l produce
0

a curren t of elec tric ity.

D iff eren t l iqu ids or gases may take the place of

the two meta ls , or of the me ta l a nd meta lloid .

(See B a t tery , Ga s . )
P lates o f z inc and copper dipped in to a solu
tion of sulphuric ac id and wa ter , and con nected
outs ide the l iquid by a conductor , form a simple
vol ta ic cel l .
If the zinc be of ordinary commercial pur i ty ,
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and is not connected outs ide the l iquid by a con

ductor, the fol low ing phenomena occur

T he sulphur ic acid or hydrogen sul

phate, is decomposed , zinc sulphate ,
ZnSO be ing formed , and hydrogen , H2, l iber
a ted .

T he hydrogen i s l ibera ted ma in ly a t the

surface of the zinc pla te.

T he en tire mass of the l iqu i d becomes
heated .

If, however , the plates are connected outside
the liqu id by a conductor of electr ic ity , then the

phenomena change and are as fol lows , v iz . :

T he sul phur ic ac id i s decomposed as be

fore ; but,
T he hydrogen is l iberated a t the sur face of

the copper pla te on ly .

T he hea t no longer appears in the liquid
only , but in a l l par ts of the circu i t.

An elec tr ic curren t now flow s through the
entire c ircu it, and w i l l cont inue s o toflow as long
as there i s any sulphur ic acid to be decomposed ,
and zinc w ith whi ch to form zinc sulpha te .

The energy whi ch pr ev ious ly appea r ed a s hea t

on ly ,
now appea r s in pa r t a s el ectr i c energy .

Therefore, a l though the mere con tact of the
two meta ls w ith the l iqu id w il l produce a differ
ence of potentia l , i t is the chemi ca l poten t i a l

energy which became hinet i c dur ing chemica l
combination that supplies the energy required to
mai nta in the electr ic cur ren t. (See Energy ,

[ (inet i c. B uerg , Poten ti a l . )
Avol taic cell con s is ts of two plates of different

m ta ls , or of a meta l and a metal loid (or of two

gases, or two l iqu ids , or of a l iquid and a gas) ,
each of which is called a

v ol ta i c el emen t
, and which ,

taken together , form wha t is
called a. v ol ta ic coup le.

T he vol ta i c coup le dips in
to a l iqu id cal led an electro

ly te, which, as i t transmits
the elec tric curren t, i s de
composed by i t. T he ele

men ts are connected ou ts ide
the electrolyte by any com Fig . 1 03 . Volta i c

ducting material .
Di r ect ion of the Cur ren t .—In any vol ta ic cel l

the curren t is assumed to flow thr ough the l iquid ,

from the meta l most acted on to th e meta l least
a cted on , and outs ide the l iqu i d , through the ou t

s ide c ircu i t, from the meta l least acted on to the

meta l mos t acted on .

[Co].

In Fig. 103 a z inc-copper volta ic couple i s

shown , immersed in dilute sulphur ic a crd . Here
,

s in ce the zinc i s dissolved by the Sl l lp ll l l l
‘ lc ac id

,

the zinc i s pos itive , and the copper nega tive in
the l iquid . T he zinc and copper are of oppos ite
polar i ties out of the l iquid .

There is s till a cons iderable difference of opin ion
as to the exact cause of the poten tia l differen ce of

the volta ic cel l . There can be no doubt tha t a
true con tact force exists, but the chemica l poten
tia l energy o f the pos itive plate i s the source

of energy which ma in ta in s the poten tia l diff er
ence .

T he difference in the polarity of the zinc and

copper in and out of the liqu id i s genera lly de
n ied by most of the la ter w r i ters on electric ity

,

s ince tests by a su f fic ien tly del ica te elec trometer
show tha t the en tire zinc pla te is nega tive and

the en tire copper pla te posi tive . Remembering ,
however , the conven tion as to the direction of

the fl ow of the curren t, s ince the curren t flow s
from the zinc to the copper through the l iquid

,

we may s till fa ir ly regard the zinc as positive and
the copper as negative in the liqu id . It w ill be
remembered , tha t in every source the polarity
w i thin the source i s necessar ily opposite to the

polar ity outs ide i t. T he copper pla te 13 there
fore ca l led the nega t ivep l a te , and the w ire con

nected to i ts end ou t of the l iqu id , the pos i t i ve
el ectrode. Simi lar ly , the zinc pla te is cal led the

p os i t ive p la te, and the w ire connected to i t the
n ega t iv e el ect r ode.

It w i tl of course be understood tha t in the

above sketch the curren t flows on ly . on the com

p letion of the circuit outs ide the cel l ; tha t i s ,
w hen the conductors a ttached to the z inc and

copper pl t tes a e electr ica lly connec ted .

Ama lgama t ion of the Zin c Pl a te.
—When z inc

i s used for the pos itive ele tn cn t , i t w il l , un l t ss

chemically pure , be dissolved by the electrolyte
when the c ircu it is Open , or w i ll be irregularly
dissolved when the c ircuit is c losed , p roducing
currents in l i ttle c losed c ircuits from minute vol

ta ic couples formed by the z inc and such impur i
ties as ca rhon , l ead, or i r on , etc .

, a lways found
in commercia l zinc . (SeeAct ion , Loca l , of Vol

ta i c Cel l .) As i t i s prac tica lly impossible to ob

ta in chemica lly pure z inc , i t i s necessary to ama l .

goma te the z inc pla te ; that is , to cover i t w i th a

thin layer of z inc ama lgam.

Pola r i z a t ion of theNega t ive Pla te.
—Since the

evolved hydrogen appears a t the surface of the

nega tive pla te , the surface of this pla te, un less
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means are adopted to avoid it, w i ll , after a whi le,
become coa ted w ith a fi lm of hydrogen gas , or
a s it i s techn ica lly cal led , w i ll become polar ized .

(See Cel l , Vol ta i c, Pol a r i za t ion of . )
T he effect of this polar iza tion i s to cause a fal l

ing off or weakening of the curren t produced by
the ba ttery , due to the forma tion of a coun ter

electr omot iv e f or ce produced by the hydrogen
.c overed pla te ; tha t is to say , the negative pla te,
now being covered w i th hydrogen , a very highly
e lectro-positive elemen t

,
tends to produce a

curren t in a direction opposed to tha t of the

C e l l proper . (See For ce, E lectromot iv e, Coun

ter . )
Th is 'decrease in curren t strength i s rendered

s til l grea ter by the increased res istance in the Ce ll ,
due to the bubbles of hydrogen ,

and to the d e

creased e lec tromotive force, due to the increa se
in the dens ity of the z inc sulpha te , in the ca se of

z inc in hydrogen sulpha te.

In the case of s tor age cel l s
, the counter-elec

t romoti ve force of polar iza tion is employed as the

s ource of seconda ry cur r en ts . (See L lectr i ci ty ,

S tor age of . Cel l , Secondary . Cel l
,
Stor age. )

In order to avo id the effects of polariza tion in
v ol ta ic cells , and thus insure cons tancy of cur

ren t, the bubbles of gas at the negat ive pla te are

mechan ica lly carried off either by roughen ing i ts
s urface , by forc ing the electroly te aga inst the
p la te a s by shak ing , or by a s tream of a ir ; or else
the nega tive pla te is surrounded by some liquid

.or solid substance which w ill remove the hydro
.g en, by en ter ing into combina tion w ith it. (See
Cel l , Vol tai c, Pola r i za t ion of . )
Volta ic cells are therefore divided ' in to cells

w i th one or w i th two fluids , or e lectrolytes , or
i n to :

Single-fluid cells ; and
Double-fluid cells .

Very many forms of voltaic cel ls have been de
vised . T he fol low ing are among the more im

p ortan t, viz . O f the Single-Flu id Cells
, the

Gr enet
, Poggendorfi

'

, or B i chroma te, the Zinc

C opper , the Zinc-Ca rbon and the Smee . O f the

Double-Fluid Cel ls , Gr ov e’s , B unsen
’

s
, Ca l laud

-0r Gr av i ty , D an i e/1’s
, Lecl anché , Siemens-Ha lshe

and the M eid inger .

O f all the volta ic cells tha t have been devi sed
two only , viz . , the Grav i ty , a modifi ed Daniel l ,
and the Lectanche

‘

, have continued un til now in

very genera l use, the gravity cel l bei ng used on

.c/osed-ci r cu i ted l ines
, and the Lec lanché on open

.c i r cu i ted l ines the former be ing the bes t sui ted

of a l l cel ls to furn ish the con t inuous cons tant cur

ren ts employed in mos t systems of telegraphy ,
and the la tter for furn ishing the interm i tten t cur
ren ts required for r inging be l ls , Opera ting annun

c iators, or for simi lar work .

Cel l , Vol ta ic, Absorpt ion and Genera

t ion of Heat i n (SeeHea t ,Absorp t ion
a nd Gener a t i on of , i n Vol ta i c Cel l .)

Cel l , Vol ta ic, B icl tr0mate —~A z inc

carbon coup le used w ith . a n elec trolyte
known a s elec tropoion , a solut ion of b ichro
ma te of potash and sulphuric ac id in wa ter.
(See L i qu id , Electr opoion .)
B ichroma te of sodium or chromic ac id are

sometimes used in s tead of the bichroma te of

potass ium .

’

l he zinc , Fig . 104, i s amalgamated and placed
betw een two carbon pla tes .

T he term ina ls connected
w ith the zinc and ca rbon
a re respectively n ega t iv e

a nd pos i t iv e. In the form
shown in the figure , the zinc
p a te can be l i fted out of

the l iquid when the cell is
not in action .

T he bichromate cel l i s
excellen t for purposes re

qu iring s trong curren ts
where long action is not

necessary . As this cel l
readily polar izes i t cannot
be advantageously employ B i c h roma te

ed con tinuously for any
considerable per iod of time . It becomes depolar .

i zed , however, when left for some time on Open
circui t.
T he follow ing chemica l reaction probably takes

place when the cel l is furn ishi ng curren t, v iz . :

7H ,,SO 4 3Zn

K
2
50

4 3ZHSO 4
‘ l" C r23 (SO 4 ) “ i“ 7H20.

This cell gives an electromotive force of about
vol ts .

Cel l , Vol taic, B unsen
’
s A z inc

carbon coup le, the elemen ts of w hich are

immersed respec t ively in elec trolytes of d ilute
sulphuric and s trong n itric ac ids .

Bunsen’s cel l i s the s ame as Grove’s, except
tha t the platinum i s replaced by carbon . T he

z inc surrounds the porous cel l con taining the car
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bon . The polar i ty i s as indicated in Fig. 105 .

(See Cel l , Vol ta i c, Grove. )

Fig
“

. 1 05 . B unsen Cel l .

T he Bunsen cel l gives an electromotive force
of about vol ts .

Cel l , Vol ta ic, Cal l aud
’
s —A name

somet imes gi ven to the grav ity cel l . (See

Cel l , Vol ta z
'

c, Gr a v i ty .)
Cel l , Vol tai c, Capaci ty of Pol ar i zat ion of

—T he quan t ity of electric ity requ ired
to be discharged by a volta ic cel l in order to
produce a gi ven polariza tion . (See Cel l , Vol
ta i c, Pola r i za t i on of .)
Dur ing the discharge of a vol ta ic cel l an electro

motive torce i s gradua lly set up tha t i s Opposed
to tha t of the cell . T he quan tity of electr icity
required to produce a g iven polar iza tion de

pends, of course, on the condition and size of

the plates . Such a quan ti ty i s ca lled the capaci ty
Of polarization .

Cel l , Vol taic, Cl osed-Ci rcui t —A
vol taic cell tha t can be left for a cons iderable
t ime on a closed c ircuit Of compara tively
small res is tance w ithout serious polariza tion .

T he term c losed-c ircu it vol ta ic cel l is used in
contradistinction to Open-circu i t cel l , and applies
to a cell tha t can on ly be kept on c losed c ircu i t
for a compara tively shor t time .

Daniel l’s cell and the gravity cel l are clos ed-cir
cui t cells . Leclanch é

’
s i s an open -c ir cui t cell .

Cel l , Vol tai c, Contact Theor y of
Atheory which accounts for the product ion
of d ifference Of potential or electromot ive
force in the v ol taic cell by the con tac t of the
elements of the vol taic couple with one ah

other by means of the electrolyte.

Th e mere con tact of two diss imil ar sub stances
through the electrolyte w ill produce a di fference
of poten tial, but the cause of the curren t which a .

vol ta ic cel l i s able to mainta in is the chemica l
poten ti a l energy which becomes kinetic during
combination . (See Cel l , Vol ta ic. Ser i es , Con ta ct . )
M os t author i ties expla in the difference of

poten tia l produced by the con tact of differen t .

meta ls by the fact tha t the meta ls are sur

rounded by a ir . They poin t out the fact that the .

order of the meta ls in the con tact-ser ies i s

a lmost iden tica l w ith the Order Of their electro-s

chemica l power as deduced from their chemica l
equiva lents , and their heat of combina tion w ith .

oxygen . It would appear , therefore, tha t the
diff eren ce of poten tia l betw een a metal and the .

air which surrounds i t, i s a measure of the tend .

ency of the meta l to become oxidized .

T he or igin of the electromo tive force of a zinc
copper couple, in an elec trolyte of hydrogen sul

phate, i s the super ior affi n ity of the z inc for the '

oxygen , over tha t of the copper for the ox ygt n .

Cel l , Vol taic, Creepi ng i n T he

forma t ion , by efflorescence, of sal ts on the s ides
of the porous cup .

of a vol ta ic cel l , or on the :

wal ls of the vessel con ta in ing the electrolyte,

Paraffin ing
‘

the por tions of the walls out of the
l iqu id , or cover ing the surface of the liqu id w ith .

a neutra l oil , obvia tes much of this difficu lty . (See .

Eflor es cence.

Cel l , Vol taic, Dan i el l
’
s —A zinc

copper couple, the elemen ts Of which are im
mersed respectively in electrolytes Of d ilute:
sulphuric acid , and a satura ted s olut ion of

Copper sulpha te.

In the form ofDan iel l’s cel l , shown in Fig .

the copper elemen t is made in the form of a cy l in

der c , and i s placed in a porous ce ll . T he cop

per cylinder i s provided w i th a w ire basket near
the top , fi lled w ith crysta ls of blue vitriol , o r cop
per sulphate, so a s to ma inta in the strength of the

solution while the ce ll i s in use. T he zinc is in
the shape of a cylinder and i s placed so a s to sur

round the porous cell . This cel l g ives a nearly"

constan t electromotive force.

T he constancy of action of Dan iel l’s cel l
depends on the fac t tha t for every molecule oi

.

sulphuric acid decomposed in the ou ter cell , arr
additiona l molecule of sulphur ic acid i s supplied'

by the decomposi tion of a molecule O f copper sul
phate in the inner cell . This w il l be better uh .
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Cel l , Vol ta ic, Gravi ty —A zinc
copper coup le, the elements of which a re em

p loyed w ith elec trolytes of dilute sulphuric ac id
or d ilute z inc sulpha te, and a concentra ted
solut ion of copper sulphate respec t ively .

T he use of a porous cel l is Open to the objection
of increased in terna l resistance . M oreover , the
porous cell i s ap t to rec eive a coa ting Of copper
w hich Often deposits On the cel l instead of on the

.c opper pla te . T he gravity cel l w as devised in
O rder to avoid the use of a porous cell. As i ts
name indica tes, the two fluids are separa ted from
e ach other by gravi ty.

The copper pla te i s the lower plate, and is sur

rounded by crystals of copper sulphate. T he

z inc , generally in the form of an open wheel , or

c row -foot, is sus

pended near the top
Of the l iqu id

,
a s

s hown in Fig . 109.

When the cel l i s
s et up w ith sul

phur ic acid , the re

a ctions a re the same
a s in the Dan iel l
cell . When copper
s ulpha te and. z inc
s ulphate a lone are

used , zinc replaces
the copper i n the

Copper sulphate.

The action i s then
merely a substi tution process . (See Cel l , Vol ta i c,
Dan i el l

’

s . )
Adilu te solution of zinc sulphate is genera lly

used to replace the dilute sul phu ri c a c id . I t

gives a somewha t lower electromotive force , but
ensures a greater cons tancy for the cell .

Cel l , Vol taic, Grenet —A name

somet imes g iven to the b ichroma te cel l . (See
Cel l . Va l ta zc, B z

’

chroma te .)

Cel l , Vol taic, Grove —A zinc-pla ti
n um couple . the elements of w hich are used
w ith elec trolytes of sulphuric and n itric ac ids
respec tively .

Fzg . 1 09. The Gr a v i ty Cel l .

T he zinc
,
Z, Fig . 1 10

,
i s amalgamated and

placed in dilute sulphur ic acid , and the pla tinum
,

P, i n strong n i tr i c a ci d (HN03 ) i n a por ous cel l

to sep ara te it from the sulphuric ac id . (See ( el l ,
Por ous . ) In the Grove cell the curren t i s moder

.a tely constan t, s ince the polarization of the p la ti

[Ce].

Gr ov e’s Ce l l .

num plate is preven ted by the n itric aci d, whi ch
oxidizes and thus removes the hydrogen tha t
tends to be li bera ted at its surface. T he con

stancy of the curren t
i s not ma in ta ined for
any cons iderable time,
s ince the two liqu ids
are rapidly decom

posed , or consumed
,

zinc sulpha te forming
i n the su lphuric ac id ,
a nd w a ter in the n itr ic
ac id .

T he chemica l reac
tion s are a s fol lows ,
v iz

Zn

ZnSO
4

H

6H 2HNO
a

4H2
0 2NO

2NO O
,
N
2
0

Ni tra te of ammo

n ium i s sometime s formed when the n itric acid
becomes d ilute by decomposi tion . T he reaction
is as fol low s

The cell gives an electromotive force of

volts .

When the porous cel l is good , the res istance o f

the Grove cel l may be ca lcu la ted according to

the follow ing formula ofAy r ton

3 . 6 x d

A

where d , is the distance in inches between the

pla tinum and zinc pla tes , andA, the square inches
of the immersed portion of the pla ti num plate .

Cel l , Vol taic , Lecl anché —A z inc
carbon coup le , the elemen ts of wh ich are used
in a solut ion of sal-ammon iac and a finely
d ivided layer of black oxide of manganese

respect ively.

T he zinc i s in the form of a slender rod and

dips into a sa tura ted solution of s a l-ammom
’

a c,

NH 4C l .

T he nega tive elemen t con s ists of a pla te of car.

bon , C ,
Fig. 1 1 1 , placed in a porous cell , in which

i s a mixture o f black oxide o f manganese and

broken gas-retort carbon ,
tightly packed around

the carbon pla te. B y th is means a grea tl v ex

tended surface oi carbon surrounded by black
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ox ide ofmanganese , M no
, .
is secured . The en ti re

ou
ter jar , and the spaces ins ide the porous cell are

fi lled w ith the solution of sal-ammon iac.

Fzzg
’
. I I I . The Leclcmc/zé Cel l .

This cell , though conta in ing but a smgle flu id ,
b e longs , in rea lity, to the class or type of double

fluz
’

d cel ls , be ing one in which the negative ele

men t i s surrounded by an oxidizing substance ,
t he black oxide of manganese, which replaces the
n i tric acid or copper sulphate in the other double
flu id cells.
This reac tion i s general ly given

Zn 4NH4CI 2M nO
2

ZnC l
a

2NH
4
C1

2NH
3

M n
2
03

H
z
O .

This reac tion i s den ied by some, who believe
t he follow ing to take place

Zn 2(NH4
C 1) ZnC l

, + 0

2NH
8

H
2.

T he ZnCl 2 and NH8 reac t as follow s :
ZnCl a 2(NH 3 ) 2 (Ni

-I2) ZnC12 H
z

2H 2(M n 202) H
2
0 J

r M 3
203 ;

«or
,
possibly , 4H 3M nO

a a o 21120.

T he Leclanché cel l gives an electromotive force
of about vol ts . It rapidly polar izes , and

c annot, therefore, give a steady curren t for any
prolonged time . When left on open c ircui t, how
e ver, i t quickly depolarizes .

Cel l , Vol taic, .
Local Act ion of

'(SeeActi on , Loca l , of Vol i a z
'

c Cel l .)

Cel l , Vol tai c, M eidi nger —A z inc
'COpper couple , the elements of w h ich are em

p loyed w ith d ilute sulphuric ac id , or solut ion
o f sulpha te of magnes ia , and s trong n itric
a cid , respec t ively.

The M eid inger cell is a modification of the

D an iell cel l. T he z inc-copper couple i s thus ar

r anged : Z Z
, Fig . 1 1 2

, is an ama lgama ted zinc
r ing placed near the wa lls of the vessel , AA,

constr icted at b b . The copper elemen t, c , i s

s imi larly placed w ith respect to the w a lls of the

v esse l d d . T he glass cylinder h, fi l led w ith

[CeL

crysta ls of copper sulphate, has a sma l l hole in
i ts bottom,

and keeps the vessel , d d , suppli ed
vr ith satura ted so

lution of copper
sulphate . T he cel l
i s charged w ith di
lute sulphur ic ac id ,
or a dilute solution
of Epsom salts , or
magnesium sul

pha te .

Cel l , Vol taic,

Open -C i r c u i t
—A volta ic

cell tha t cannot be
kept on c losed c ir
cuit , w ith a com

paratively smal l

res is tance , for any Fig . 1 1 2. l e M eid i ng er Cel l .

cons iderable t ime w ithout serious polariza
t ion .

ALeclanché cel l is an open-circu i t cel l . T he

term open-c ircu it ce l l i s used in con tradistinc

tion to c losed-c ircu it cell , such as the Dan iell .
(See Cel l , Vol ta i c. Cl osed-Ci r cu i t . )

Cel l , Vol ta i c, Poggendorfl
’ A

name somet imes g iven to the Grenet cell . (See
Cel l , Vo/ta z

'

c , Grenet .)

Cel l , Vol tai c, Pol ar i zation of T he

collect ion of a gas , generally hydrogen , on the

surface of the negat ive elemen t of a voltaic
cel l .

The collection of a positive substance like hydro
gen on the nega tive elemen t or pla te of a vol ta ic
cell sets up a coun ter -clocfromot i v e for ce, which
tends to produce a curren t in the oppos ite d irec
tion to that produced by the cell . (See For ce,

E lectra/M oti ve, Coun ter . )
Polariza tion causes a decrease in the norma l

curren t of a volta ic Ce ll
O n accoun t of the i ncr ea sed r es i sta nce of

the ce ll from the bubbles of ga s whi ch form part
of i ts cir cu it .

O n accoun t of the counter elccfromotz
'

zxc

for ce, produced by polari za tion .

There are three ways in which the il l e ffects of
the polar iza tion of a volta ic ce l l can be avoided .

These are

M ecbam
'

ca l .—T he nega tive pla te i s fur
nished w ith a roughened surface w hich en ables the
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bubbles of gas toescape from the points on such sur
face or , a stream of gas , or air , is blown through
the l iquid aga inst the pla te and thus mechan ica lly
brushes the bubbles off.

C/zemz
'

ca l .—The surface of the nega ti ve
pla te i s surrounded by some powerfu l oxidizing
substance, such as chromic or n i tr ic ac id , which
i s capable of oxidizing the hydrogen ,

and thus
thoroughl y removing i t from the pla te.

The oxidiz ing substance may form the en tire
electrolyte, as i s the case of the bichromate solution
employed in th e zinc-carbon couple. Genera lly ,
however , i t has been found preferable to employ
a separate liqu id

,
l ike n itric ac id , to completel y

surround the negative pla te, and another liquid for
the pos itive pla te, the two liqu ids being genera ll y
kept from m ixing by a porous cell, or diaphragm.

Such cells are ca lled a
’
oublefi za

’

d cel l s . (See

Cel l , Vol ta i c, D oubl e-Flu i d . )
E l ectro Cbemz

'

ca l .—T his a lso necessita tes a
double-fluid cel l . T he nega tive e lemen t is im
mersed i n a solution of a sa lt of the same meta l as
tha t forming the nega tive pla te . Thus

,
a cop .

per pla te, immersed in a solution of copper su l .
phate, cannot be polar ized , s ince meta l lic copper
i s depos ited on its sur face by the act i on of the

hydrogen which tends to be l ibera ted there .

T he constancy of ac tion o f a Dan iel l cel l depends
on a deposition ofmeta ll ic copper on i ts copper
plate as well a s on the forma tion of hydrogen
sulphate, and the solution of add i tiona l copper
sulphate from the crysta llized sa l t placed in the

cell . (See Cel l , Vol ta i c, Dan iel l
’

s . )

Cel l , Vol tai c, Pr imary, Exhaust ion of

T he inabil ity of a primary vol ta ic
cell to furnish any further curren t , un less

fresh elec trolyte, or fresh pos itive elemen t , or
both , are suppl ied to i t .
In the case of exhaustion of a primary vol ta i c

cel l the s tock of fresh energy is supplied to the

cell from the chemica l potentia l energy of the

pos itive e lemen t, or of the electrolyte or elec
troly tes . (See Energy , C/zemz

'

ca l Poten ti a l . )
In most vol ta ic cells a ma rked decrease in the

curren t strength i s observed soon a fter the c ir

cui t i s c losed , and , therefore, long before the

cel l i s exhausted . Th i s decrease is due
T o the increased in terna l resistance due to

the bubbles of hydrogen on the nega tive plate.

T o the coun ter-electromoti ve force of po

larization , where zinc i s employed w ith an e lec
troly te of sulphur ic acid .

[Ce].

T o the decrease in the e lec tromotive force
due to an increase in the densi ty of the zinc sul
pha te.

Cel l , Vol ta ic, Secondary, Exhaust ion of

T he inab ility of a secondary cel l to

furn ish any further current , un less fresh
electro-pos itive and electro-nega t ive ma teria ls
are formed in it by the passage of the

charg ing curren t .
In the case of the exhaustion of a secondary

volta ic cell , the stock of fresh energy supplied
to the cell i s der ived from the electric energy
of the charging curren t. (See Energ , E lectr ic. )

Cel l , Vol ta ic, Sieni en s-Hal sk e

Az inc-copper coup le
, the elemen ts of w h ich.

T he Siemen s-Halske cell is a modification of

Damel l
’

s. A r ing of zinc, Z Z, Fig . 1 1 3 , sur

Fig
'

. 1 1 3 . Sz
'

cmcns-L
’

a l rke Ce l l .

rounds the glass cylinder , c c . T he porous
cell is replaced by a diaph ragm , f f, of porous
paper , formed by the action o f sulphur ic a cid on
a mass of paper pu lp . Crys tals of copper sul
pha te are placed in the glass ja r , c c

,
and res t

on the copper plate , k ,
formed of a close copper

spi ra l . Termina ls a re a ttached at b and h . T he

en tire cel l i s charged w ith dilute sulphur ic acid .

T he res is tance of the cell i s high .

Cel l , Vol taic, Si l ver Chl ori de A
zinc and s ilver coup le immersed in electro‘

lytes of sa l-ammon iac or common sa lt and

s ilver chloride.
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T he zinc acts as the posi tive elemen t, and a The Smee cell was one of the ear liest forms

s ilver w ire , aroun d which a cylinder of fused of vol ta ic cells .

s ilver chlor ide is cast, as the nega tive e lemen t . In the zinc-silver couple the chemical reaction
T he zinc , and the s ilver w ire and s i lver chlor ide , tha t takes place when the

a re placed in a sma ll glass test-tube and covered cel l is furn ishing curren t is
w ith the sa l-ammon iac or common sal t, and as follow s , v iz
the tube closed b a cork of araffin ,

to reven t
the evapora tion

y

of the el ectiihl y te . Wh
I

e

J

n sal
Zn H

2
80

4

ammon iac is used , the strength of the solution is

tha t obta ined by dissolving 23 grammes of pure
sal-ammon iac in 1 l itre of water . T he s ilver
chloride acts as a depolar i zer .

This cel l is used as a standard cel l , known as

De la Rue
’
s standard cell , from i ts inven tor ,

Warren De la Rue. Its electromotive force i s
volts .

Cel l , Vol taic, Simpl e —Any vol taic
c el l formed of a s ingle couple immersed ‘

in a

s ingle exci ting l iqu id .

Cel l , Vol taic, Si ngl e-Fl u id —Avol

taie cell in w h ich but a s ingle flu id or elec

t rolyte is used .

Single-flui d volta ic cells possess the disadv an
tage of polar iz ing dur ing action . This polar iza
tion i s due to the electro-pos it i ve elemen t of the

e lectrolyte collecting on the surface of the nega

t ive pla te, or w i thin i ts ma s s . For example ,
where dilute sulphur ic ac id i s the electrolyte

,

hydrogen gas collects on the nega tive pla te and

lowers the electr omot ive f or ce produced by the
cell, by a coun ter ~ electr omot ive f or ce thereby

genera ted . (See For ce, E lectromotz
'

ve. For ce,

El ectromotz
'

ue, Counter . )

Cel l , Vol taic, Smee A z inc-s ilver
couple used w ith an elec trolyte of dilute sul

phuric acid , H250, .

Aform of Smee cell i s shown in Fig. 1 14 . Here

the plate of s i lver is placed between two zinc
plates.
T he s ilver plate i s roughened and covered w i th

a coa ting of meta llic pla tinum,
in the condition

known asp l a t inum bla ck . (SeePla t inumB la ck . )
This ce ll was formerly exten sively employed in
electr o-meta l lurg but is now replaced by dy namo
el ectr z

'

c (See M eta l lurgy , E l ectr o.

M a c/l ine, Dy namo-E lectr i c. )

Az inc ca rbon couple i s sometimes used to re

pl ace the z z
'

nc s z
’

lver couple. A couple of z in c

lca a
'
is a lso used , though not very advanta

geously .

ZnSO 4

H
2

.

T he Smee cell g ives an

elec tromotive force of about
.65 volt.

Cel l , Vol ta ic, Stand

ard A vol ta ic cell

the electromot ive force of
w h ich is cons tant , and F2? ” 4 . Smee Cel l .

w h ich , therefore , may be used in the measure
men t of an unknown electromot ive force.

Absolute constancy of electromotive force i s
impossible to a ttain , but if the curren t o f the
standard cell is c losed but for a short time the
elec tromotive forcemay be regarded a s practica lly
invar iable.

Cel l , Vol ta ic, Standard, Cl ark
’
s

T he form of s tandard cel l shown in Fig . 1 1 5 .

La timer C lark’s standard cel l assumes a

variety of forms . T he H-form is arranged as

shown in Fig . 1 1 5 . T he vessel to the left con
ta ins , at A, an ama l
ga in of pure zinc . T he

other vessel con ta in s ,
at M

,
mercury covered

w ith pure mercurous
sulpha te, Hg s 504 .

Both vessels are then
fi lled , above the level
of the cross tube, w ith
a sa tur a ted solution of

zinc sulpha te Z, Z, to

which a few crysta ls
of the same are added.

Tigh tly fi tting corks
C , C , preven t loss by Fig . 1 1 5 . Cl a r k

’
s Sta nd

evaporation .
a rd C!”

T he voltage of thi s cel l in lega l volts is
[ 1 (t 1 5 degrees
T he value t, is the tempera ture in degrees of

the cen tigrade scale .

Cel l , Vol ta ic, Standard, Ray l eigh
’
s Form

of Cl ark
’

s —Amod ified form of Clark
'

s

cel l .
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Lord Ray leigh
’
s form of C lark’s standard cel l

is shown in Fig . 1 16. The electrodes pass respect
ively

through the bottom and top of the test tube
of glass . O n the lower
electrode a layer of mer

cury , Hg , i s placed . O n

this res ts a layer ofmercu
rous sulpha te pa ste made
sufii cien tly semi-fl u id w i th
a solution of zinc sul pha te
to form an appr oximately
level surface . T he zinc ,
Zn ,

i s a ttached to the up
per electrode and is im

mersed in this semi-fluid
paste.

T hemercurous sulphate
appears to act to keep the
mercury free from impur i
ties .

T he electromotive force
of this cel l has been care

fully determined by Ray h e 1 1 6 . Ray lezjg k
‘

s

leigh . Its va lue in true Form qf cza r /y ,

vol ts i s Sta nda rd Cel l .

E= [ 1 .00077 (t when t , i s the
tempera ture in degrees Cen tigrade.

This cell is often ca lled Clark’s normal element.

Cel l , Vol taic, Standard, De l a Rue
’
s

-A form of s ilver-chloride cell . (See Cel l ,
Vol ta z

'

c, Sz
'

luer C

Cel l , Vol tai c, Stand

ard, Fl emi ng
’
s

T he form of s tandard
cell shown in Fig . 1 1 7 .

The U-tube
,
Fig . 1 1 7,

i s connected , as shown
,

by means of ta ps
, w i th

two vessels fi l led w ith
chemically pure solutions
of copper sulphate of sp .

gr . L ! at 1 5 degrees C . ,

and zinc sulpha te of sp .

gr. at 1 5 degrees C .

respec tively . T o use the

cel l the zinc rod Zn
, con

nected w ith a w ire pass
ing through a rubber k 1 1 7 Flem ing

’
s

stopper , is p]aced in the Sta nda rd Cell .

left~hand branch , T he tap A, i s opened and s g'. 1 1 9. T/zomson
’
s Form Cell .

the en tir e U-tube is fi lled w i th the denser Sir “7m.
Thomson ’

s standard cel l i s shown in
zin c su lpha te solu tion . The tap at C , i s then Fig . 1 19. Az inc d i sc is placed at the bottom of the

opened , and the l iqu id in the r ight-hand branch
above the tap is discharged in to the lower vessel ,
but, from this part only. T he tap C , is then
c losed , and the tap B , opened , and the lighter
copper sulphate a llowed to fi l l the r ight-hand
branch above the tap C . T he copper rod Cu , fi tted
to a rubber stopper and connected w i th a con

ductingw ire, i s then placed in the copper solution .

Tubes are provided at L and M , for the recep
tion of the zinc and copper rods when not in use.

T he copper rod i s prepared for use by freshly
electro-pla ting i t w i th copper. The electro
motive force of this cel l i s volts . If the l ine

of demarkation betw een the two l iquids i s not

sharp, the arms of the vessels are emptied, and

fresh liquid i s run in.

Cel l , Vol ta ic, Standard, Lodge
’

s

Aform of s tandard Daniell cell .

Lodge
’
s standard cel l i s shown in Fig . 1 18.

Through the tube T , in a

w ide mou thed bottle , i s

passed the glass tube , in the
mouth of which i s placed a

z inc rod . T o the bottom of

the tube T , a sma l l test-tube
t
, conta in ing crysta ls of cop
per sulpha te, i s fastened by
means of a str ing or rubber
band . T he uncovered end

of a gu tta-percha insu lated
copper w ire projects at the
bottom of t , through a tube
in a tightly fi tting cork , and
forms the copper electrode . T he bottle i s partly
fi lled a s shown w i th a solution of zinc sulpha te .

T he interna l resistance of this cel l i s so high
tha t it i s on ly employed in the use of zeromethods
w ith a conden ser .

Cel l , Vol tai c, Standard, Si r Wi l l iam
Thomson

’

s —A form of s tandard
Dan iell cel l .

F137 . 1 1 8. Lodge”:

Form of 0am} It
’

s Cel l .
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cy l indrical vessel and a solu tion of zinc sulphate
of sp . gr . poured over i t. By means of the

funnel F, a ha lf-sa tura ted solution of copper
su lpha te is carefully poured over this and floa ts
on i t ow ing to i ts sma l ler den si ty . T he electro
motive force of this ce l l i s true vol ts at

1 5 degrees C .

Cel l , Vol ta ic, Standardi z ing a —De

termin ing the exact va lue of the elec tromot ive
force of a vol ta ic cell , in order to enable it to

be used as a s tandard in determining the

electromot ive force of any other elec tric
source.

Cel l , Vol taic, Two-Fl ui d —A term
sometimes employed in p lace of doub le-fluid
cell . (See Cel l , Vol ta z

'

c , D ouble-F lu id .)

Cel l , Vol ta ic, Water -A vol ta ic
cel l in

“

w h ich the exci t ing l iquid is merely
wa ter.

Any voltaic couple can be used . the positive
elemen t of which i s ac ted on by water . (See

B a ttery ,
Vol ta i c. )

Cel l , Vol taic, Zi nc-Carbon —A
cel l in w hich z inc and carbon form the pos i
tive and nega t ive elemen ts respect ively.

A name sometimes g iven to the b ichro
ma te cel l .

Cel l , Vol tai c, Zinc-Copper —A
cel l in which z inc and copper form the pos i
t ive and nega t ive elemen ts respec tively.

Cel l , Vol ta i c, Zinc-Lead —A z inc

lead couple sometimes used , though not very
advan tageous ly. to replace the z inc-s ilver
couple in a Smee cel l . (See Cel l , Vol ta i c ,
Smee.)

Cel l s, Coupl ed
—A number of sep

arate cells connec ted in any way so as to

form a s ingle source.

Cel l s, Vol taic, Ser ies-Connected

Anumber of separa te vol ta ic cel ls connec ted
in series so a s to form a s ingle source. (See
Cz

‘

r cuz
'

t , Ser i es .)
Cement-Lined Condui t. (See Cona

'
uz

'

t . Ch ain Ligh tn i ng. (See n /t tnzng ,

Comen t Cfia z
'

n .)
Cements, Insul at ing —Various Ch ain , Li nk ed M agnet ic and El ectr ic

mixtures of gums , res ins and other subs tances , —A cha in of three l inks , the separa te
pos sess ing the abil ity to bind two or more l inks of which consis t of the primary c ircuit ,

subs tances together and yet to elec trical ly in
sula te one from the other.

Centi .—(As a prefix) -T he one-hundredth
part of.

Cent i-Ampere.
—O ne-hundredth of an em

pere .

Centi-Ampere B al ance— (See B a la nce,

Conn-Amper e.)
Cent igrade Thermometer Scal e. (See

Sca le, Centigr ade Tnermometer .)
Cen t i g r amme .

-T he hundredth of a

gramme

O ne cen tigramme equals gra ins avoir
dupoise. (See Weig/zts a nd M ea sur es , M etr i c

Sy s tem of . )

Cc-nti l i tre.
—T he hundredth of a l itre.

O ne cen til itre equals of a cubic inch .

(See Weig/zts a nd M ea sur es
, M etr i c Sy s tem of . )

Centimetre.
—T he hundredth of a metre.

O ne cen timetre equa ls inch. (See
'

Weigltts and M ea sur es , M etr i c Sy s tem of . )

Centimetre-Gramme-Second Un i ts—(See :
Un i ts . Cen timetre-Gr amme

Central Gal van ization .
—(See Goth/ amica

t ion , Centr a l .)
Central Station .

—(See Sta ti on , Cen tr a l .)

Central Stat ion B urgl ar Al arm.
—(See .

Ala rm, B urg la r , Cen tr a l Sta t ion .)
Central Stat ion Light ing.

—(See L igh t
ing , Electr i c Cent r a l Sta t ion .)
Centre of Gravi ty. —(See Grav i ty , Cen tre

'

Centre of O sci l l at ion .
—(See O sci l la t ion ,

Cen tre of .)
Centre of Percuss ion .

—(See Per cussion ,

Cen tr e of .)

Centr i fugal Force.
-(SeeFor ce, Cen tr zf u

g a l .)

Centr i fugal Governor .
—(See Gov ernor ,
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the magnetic c ircuit , an d the secondary c ir rubber stroked by a piece of cat skin becomes

cuit respectively, of an induct ion coil . electr ified . In a l l these cases , which are in s ta nces
of physica l changes , the substances reta in their
specific iden tity . This is true in al l cases of phys
ica l changes. (See M ol ecu le. )

The concep tion of a l inked magneti c and elec
tr i c cha in , in s tudying the action of an induc tion
coil , w as fi rs t developed by Kapp . A l inked

0

magnetic and electric cha in is shown in Fig . 120.
Chang i ng-over Swl tch .

—(See
Cna ng i ng

Changi ng Sw i tch—(See Sw i tc/z, Gnang
i ng . )

Character i stic Curve.
—(See Curv e,

Fig . 1 20. Li nked M ag netic a nd Electr ic Cha in .

If, in such a case, the magnetic core or c ircu it i s
of varyingmagnetiza tion , when one of the electr ic
c ircu its has a periodic current passed through
i t, the

'

v ar ious phenomena of the inducti on coil
are produced . (See Coi l , Induct ion . )

Chain , M ol ecul ar —Apolarized cha in
of molecules tha t is supposed to ex is t in an

elec trolyte during its elec trolyt ic decompos i
tion , or in a vol ta ic cell on c los ing its c ircu i t .

(See Hy ‘ootnes i s , Gr ottnns .)

Chain Pul l .—(See Pul l , Cna i n .)

Chamber ,Armature —T he armature
bore.

’

(See B or e.Arma tur e.)

Chamber of Lamp.
—(See Lamp , C/zam

Change, Chemi ca l -Any change in
matter resul t ing from a tom ic comb ina t ion
and the consequen t forma t ion of new mole

cules .

Some chemical changes a re caused by a tomic
combination s and the formation of new molecu les .

They are necessar ily attended by a loss of the spe .

c ific iden ti ty of the substan ces involved in the

change . Thu s carbon
,
a black sol id , comb i ned

w ith sulphur , a yellow sol id , produces carbon
disulphide, a. color less, odorous liqui d. (See
Atom. )

Change. Physical -Any change in
ma tter resul ting fi om a change in the rela tive
pos it ion of its molecules , w i thout the forma

tion of new molecules .

Ice, when hea ted, i s turned in to w a ter ; steel ,
when s troked by a magnet, i s rendered perma .

uen tly magnetic ; a piece of vulcan ite or hard

Character i sti c Cur ve of Paral l el T rans
former .

—(See Cur '

z/e, Cna r a cter i st i c, of
Pa r a l lel T r a nsf ormer

Character i stic Curve of Ser i es T ran s

former.
— (See Curve, C/za r a cter i s t i c, of

Ser i es Tra nsf ormer .)

Character i stics of Sound.
—(See Sound ,

Cnar a cter i st i c of .)
Charge, Bound T he con dition of

an elec tric charge on a conduc tor p laced near

another conduc tor , but separa ted from it by
a med ium through wh ich electros tat ic induc
t ion can take p lace. (See I nduct i on , E lec

trosta ti c .)
When a charged conductor i s placed near an

other conductor , but separated from i t by a di
elec tric or medium through w hich induction can

take place, a charge of the Oppos i te n ame is in

duced in the neighbor ing conductor . This charge
i s so held or bound on the conductor by the mu
tua l attraction of the Opposi te charge tha t it i s
not discharged on connection w ith the e ar th

un less both conductors are simultan eously touched
by any good conductor. T he bound cha rge w a s

former ly ca lled cl i s s imu la tea’or l a ten t el ectr i ci ty .

(See E lectr i ci ty , .Di ss imul a ted or La ten t . )

Charge, Densi ty O f T he quan t ity
o f elec tricity per uni t of a rea at any point on
a charged surface.

Coulomb used the phrase surf a ce den s i ty to

mean the quan tity of e lec trici ty per un i t o f area
a t any poin t on a surface .

Charge, Di ssipati on of T he gr adua l
but fina l los s of any charge by leakage , w hich
occurs even in a w ell in sula ted conduc tor.

This loss i s more rapid w ith negatively charged
conductors , than w ith those pos i tively charged .
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Char t , Isodynamic —Amap or chart
on w h ich the isodyn amic l ines are marked.

(See M ap or Cha r t , [ sody nam i cu L i nes.

l soa
'

y nam i c.)

Char t, I sogonal -An isogonic chart .

(See M ap or Cha r t , I sog on a l .)

Chart , Isogon i c
—Amap or chart

on which the isogon ic l ines aremarked . (See

M ap or Cha r t , I sog on i c . L i nes , I sog on i c .)

Chatterton
’
s Compound.

—(See Com

pound , Cha tter ton
’

s .)

Chemi cal Change Chem

i ca l .)

Chemi cal Efi
’

ect.—(See Ej ect , Chemi ca l .)

Chemi cal Equi val en t— (See Equ i v a len t ,
Chemi ca l .)

Chemi cal Gal vano-Cautery.

tery , Ga lv ano-Chemi ca l .)

Chemi cal Phosphorescence.
—(See Phos

phorescence, Chemi ca l .)

Chemi cal Photometen—i (SeePhotometer ,

Chemi ca l .)
0

Chemi cal Poten t i al Energy.
—(See En

ergy , Chemi ca l Poten t i a l .)

Chemi cal Recorder , B ai n
’

s

Recorder , Chemi ca l , B a i n
'

s .)

(See Ca u

Chemi stry , El ectro —T hat bran ch
of electric science wh ich trea ts Of chemica l
compos ition s and decompos it ions effec ted by
the electric curren t . (See E lectroly s i s . .De

compos i ti on , Electroly ti c.)
T ha t branch of chemis try w hich treats O f

comb ina tions and decompos i tions by means

of electricity.

Elec tro-chemistry treats of the forma ti on Of
new molecu les , by the combina tion of atoms under
the electr ic force, as w el l as the decompos i tion of

molecules by e lectr icity .

T he acti on of a series of sparks pas sed through
air , in forming n itr ic ac id, i s an instance o f the

former, and electrolytic decomposi tion s in gen
eral afford instances of the latter .

Ch imes, El ectr ic -B ells rung by

[01m

An electro-magnet i s used to make marks on .

the a ttractions and repul sions of elec tros ta t ic the line at the beginn ing and the end of the

charges .
T he bells B and B

,
Fig . 1 21 , are conductively

connected to thepr ime or pos i tive conduc tor

observa tion , and thus permi t i ts dura tion to be

measured .

In the form of elec tr ic chronograph shown

of a fri ctional machine. T he bell C , i s insulated .

from thi s conductor by means of a s ilk thread,
but is connected w ith the grofmd by the metall ic
cha in . Under these
circumstances t h e

c lappers , l , l , insu
l ated by s i lk threads,
t , t, are a ttracted to
B , B ,

by an induced
charge and repe lled
to C , where they lose
their charge on ly to
be agai n attracted to
B , B . In this way
the be lls wi ll con

tinne r inging as long
as the elec tr ic ma ‘

Fig . 1 21 . Electr ic Ch imes.

chine i s in Operation .

Chok ing Coi l . —(See'

Coi l , Chohz
’

ng .)
Chronograph , El ectr i c -An elect

tric
'

apparatus for automa t ically measuring,

and regis tering sma ll in tervals of time.

Chronographs, though of a var iety O f forms,
genera lly register sma ll in terva ls of time by “

caus ing a tun ing fork or vibrating bar of s teel ,
whose ra te of motion i s accurately

'

known , to

trace a sinuous l ine on a smoke-blackened sheet
of paper , placed on a cylinder d r iven at a un i

form rate of motion by c lockwork . If the fork .

i s known to produce , say , 256 v ibration s per
second be used

,
each sinuous line w il l represent

5 h part of a second .
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in Fig. an electro-magnet, the arma ture of

which carries a pen , is suppor ted on a carr iage
moved by clockwork over a sheet of paper
wrapped on a rotating cy linder . Aclock is so

connected w ith the circu i t of the electro-magnet
tha t i t makes or breaks the circu i t a t the end of

every second second , and so moves, or displaces,
the arma ture, as to cause an eleva tion or depres

sion in the otherw ise con tinuous s inuous l ine, that
would be drawn on the paper by the double
motion of i ts rota tion and the movemen t of the

pen
-carr iage.

When i t is desired to know w ith grea t precision
the exact time of occurrence of any even t,
such, for example, as the transi t of a star over the
mer idian

, the observer , who carries i n his hand a

push button , or other form of electr ic key , closes
or Opens the c ircu i t at the exact momen t and so

superposes an additiona l mar k on the s inuous
lin e. Since the exact time of star ting the clock
i s known , and the in terva ls between the regular
succes sivemarks are two seconds each , i t i s easy to
estima te from i ts position between any two such
marks the exac t value of the additiona lmark in ter
posed . Fig. 122, taken from Young, shows a form
of chronograph by Warner Swasey . T he de

ta ils Of this appara tus w il l be understood from
an in spection of the draw ing.

Chronograph Record.
—(See Record,

Chronog r aph .)

Chronoscope, El ectr i c —An appa
ra tus for elec trica l ly ind icating , but not

necessarily record ing , sma ll in terva ls of time.

This term is often used for chronograph .

T he in terva l of time required for a r ifle ba l l
to pass betw een two points may be determined
by causing the ba l l to pierce two w ire screens
placed a known dis tance apart. As the screens

are successive ly pierced , an electr ic c ircu it i s
thus made or broken ,

and marks are registered
electr ica lly on any apparatus moving w ith a

known velocity .

Cigar-Lighter , El ectr ic —(See
L ighter , Ciga r , Electr i c.)

Ci pher Code.
-(See Code, Cipher .)

Circl e, Az imuth —T he are of a

grea t c ircle pass ing through the poin t of the
heavens d irectly overhead , ca l led the Zen ith ,
and the poin t d irectly beneath , ca l led the

Nad ir.
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Ci rcl e, Di pping —A term some

t imes appl ied to an inc l ina t ion compass . (See
Compa ss , I nc l i na t ion .)

Ci rcl e, Gal van ic —A term some

t imes used for ga lvan ic c ircuit . (See Ci rcui t ,
Ga lv a n i c.)

Ci rcl e of Reference.
—T he c irc le, by refer

ence to w h ich s imp le harmon ic motion may
be s tudied , by comparison w ith un iform mo

t ion around such c ircuit. (See M otion ,

Simp le H a rmon i c.)

Ci rcl e, Vol ta ic A name formerly
employed for vol ta ic cel l or c ircuit. (See

Cel t, Val ta i c . Ci r cu i t , Val ta i c.)

Ci rcu i t , Ai r-M ag net ic T ha t part
Of the pa th of a l ine of magnet ic induct ion
w h ich takes place w hol ly through a ir.

Ci rcu i t, Al ternat ing Current —A
c ircui t in w h ich an a l terna t ing curren t of

elec tric ity is flow ing. (See Curr ent , Al ter
not i ng .)

Ci rcui t, Astat i c —A c ircuit cons ist
ing of two c losed curves enclos ing equal sur

faces .

Such a c ircui t is
not deflec ted by the

ac tion of the earth’s
field . T he c ircu i t dis
posed , as shown in

Fig . 123 , is asta tic and
produces two equa l
and Opposi te fields at

S and S
'

. (See M ag
Fig . 1 23 . As ta t ic Ci r cu it .

net i sm, Amper e
’
s T lzeory of . )

Ci rcui t, B al anced-M etal l ic Ame
ta ll ic circuit , the two s ides of w hich have
s imilar electrical propert ies .

Ci rcui t B reaker.
—(See B reaker , Ci r cui t .)

Ci rcu i t, B rok en —An Open c ircuit .
Ac ircuit , the elec trica l con t inuity of w h ich

has been d i sturbed , and through w hich the

curren t has therefore ceased to pas s .

Ci rcui t, Cl osed Acircuit is closed,

completed , or made w hen its conduc t ing
con tinuity is such tha t the curren t can pass .

Ci rcui t, Closed I ron-M ag net ic

T he name appl ied to the path of any line
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of magnetic force, w hich takes place entirely
through iron , s teel , or other paramagnetic sub

s tance.

Ci rcu i t, Cl osed-Loop Paral l el —A
variety of paral lel c ircu it in w h ich the lea d
and the return c ircu it a re arranged in the

form Of concen tric c ircuits , w ith the recep
tive dev ices p laced rad ially betw een them.

Ci rcui t, Cl osed-M ag net i c
—Amag

netic c ircuit w h ich l ies w hol ly in iron or other

subs tance of h igh magnet ic permeab il ity.

Al l l ines ofmagnetic force form c losed c ircu its .

T he term c losed-magnetic c ircui t i s u sed in con

trad istinction to a divided c ircu it, or one in which
an air gap exists in the substance of high mag .

Fig . 1 24 . Closed / Mag net ic Ci r cu i t .

netic permeability forming the rema inder of the
c ircui t. This introduces so high a resista nce tha t
such a c ircui t i s sometimes ca lled an open-mag .

netic c ircu it. An iron r ing, such as shown in
Fig. 1 24 , forms a closed-magnetic c ircu it .

Ci rcui t , Closed-M ag net ic, ofAtom
A closed-magnet ic c ircuit , or closed l ines
of magnet ic force supposed to l ie entirely in
the atom itself.
T he assumption of closed l ines Of magnetic

force in a toms or molecu les w as made in order to
expla in the or igina l polar ity of the same , and to

a ccoun t for some of the other phenomena of

magnetism.

When the atom i s subjected to a magnetizing
force, such , for example , a s the field of an electric
curren t, these c losed l ines of force are a ssumed

to Open out and produce l ines of polarized a toms .

According to Lodge, for every single l ine of force
produced by the curren t pass ing through a coil
of w ire surrounding an iron core, some

l ines of magnetic force are added to i t from the

iron. Therefore an iron core grea tly increases
the magnetic s trength of a hollow coil of w ire .

—A closed

Fig . 1 25 . Der ived

Circui t, Cl osed-M agneti c, of M ol ecul e
—A closed-magnet ic c ircu it assumed to lie

w holly w i th in the molecule.

As i t i s not known whether the assumed mag

netic c ircu i t lies w ithin the a tom or the molecule,
i t i s ca lled indifferen tly the c losed . atomic or

c losed-molecular c ircu i t. (See Ci rcui t , Closed

M agnet i c, of Atom. )

Ci rcui t , Compl eted

c ircui t .
A c ircuit , the conduc t ing con t inuity Of

w hich is unbroken .

Acompleted c ircu it is a lso cal led a made or

closed circui t.

Ci rcui t , Compound —Ac ircu it con
taining more than a s ingle source, or more

than a s ingle electro-recept ive device , or both,
connected by conducting w ires .

T he term compound circu i t i s some times ap .

plied to a ser ies ci r cui t. (See Ci r cu i t , Ser ies . )
T he term,

how ever , is a bad one, and i s not

genera lly adopted .

Ci rcui t, Constant-Current —A c ir

cuit in wh ich the curren t or number of am

peres is main ta ined cons tan t notw iths tandi ng
changes occurring in i ts res is tance.

T he series circuit , as ma inta ined for arc-lamps,
i s a constant-curren t circui t. (See Regula tion ,

Automa t i c. )

Ci rcui t, Constant-Poten tial

c ircuit , the poten t ial or number of vol ts Of
w hich is mai ntained approxima tely cons tan t.

T he mul tiple-arc or paral lel c ircui t i s an ap

proximately constan t-poten tial c ircui t.

Ci rcui t, Der i vat i ve A derived or

shunt circui t. (See Ci rcui t , S/zunt .)
Ci rcui t , Der i ved
A term appl ied to a shun t
c ircuit.
If, in addition to the galva

nometer G , the conductor S,
Fig . 125 , be connected w ith
the circui t of the battery B ,

a

derived c ircu i t w ill thus be
established , and a curren t w i ll
flow through S, dimin ishing
the curren t in the

“

ga lvanom

eter . (See Ci r cu i t , S/zun t . )
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A circui t whose conducting continuity is
incomplete.

Ci rcui t , I nduct i ve —Any c ircu it in

wh ich induc t ion takes p lace.

Ci rcui t , Internal
—T hat part of a

circuit w h ich is inc luded w ithin the elec tric

source.

T he elec tr ic curren t passing through the in ter
nal c ir cui t does no usefu l work.

Ci rcui t , Leg of —O ne part O f a

twis ted or metall ic circui t.

Ci rcu i t, Li ne
—T he w ire or other

conduc tors in the ma in l ine of any telegraphic

or other electric circuit.

Ci rcui t , Line, Tel egraph i c
—T he

conductor or l ine connecting differen t tele

graphic sta t ions.

Ci rcu i t , Local -B attery —T he c ir

cuit, in a telegraph ic sys tem, in w hich is

placed a local battery a s dis t inguished from a

ma in ba ttery. (See Telegraphy , Amer i can
or M or se Sy stem of .)
Ci rcui t, Loop —A term somet imes

appl ied to a c ircuit in parallel ormul tiple-arc .

(See Ci rcu i t , M ul t ip le.)

Ci rcui t Loop B reak—(See B reah, Ci rcui t
Loop .)
Ci rcui t , M ade —Acompleted c ircui t .
A c ircuit , w hose conduct ing con t inu ity is

unbroken .

Amade c ircu it i s often cal led a completed or

closed c ircui t. (See Ci r cu i t , Closed . )

Ci rcui t , M agnet ic —T he path through
w hich the l ines of magnetic force pass .

Al l lines ofmagneti c force form closed c ircu its .

Fig . 1 27 . M ag net ic Ci r cu it.

In the bar magnet, shown in Fig . 127, part of
this pa th is through the a ir . In order to reduce
or lower the r es i s tance of a magnetic c ircu i t, iron

Fzg . 1 28. Ba tter i es connected i n a [ Mu lt iple Ci r cu i t .

i s Often placed around the magnet. T he magnet
i s then sa id to be i r on-cl a d .

T he a rma ture of a magnet lowers the magnetic
resistance by afiording a better pa th for the l ines
of magnetic force than the a ir between the

poles .

T he magnetic c ircu it a lways tr ies to shorten i ts
pa th , or to render i tsel f as compac t as possible .

This i s seen i n the ac tion of an armature drawn
towards a magn et pole.

Ci rcui t , M a in-B atter y —A term
somet imes used for l ine circuit . (See Ci r cu i t ,
L i ne.)

Ci rcu i t, M etal l i c Ac ircu it in w h ich
the ground is not emp loyed as any part of the
pa th of the curren t , metal l ic conduc tors being
employed throughout the en t ire c ircuit .

Ci rcui t , M ul ti pl e Acompound c ir

cuit , in w h ich a number of separa te sources

or separa te elec tro-recept ive devices , or both ,
have a l l their pos it ive poles connected to a

s ing le pos itive lea d or conductor, and a l l their
nega t ive poles to a s ingle negat ive lead or

conductor.

T he connection of three Bunsen cel ls , in mul
tiple, is shown in Fig. 1 28, where the three car

bons , C , C ,
C , are connected together so a s to form

the positive, or termina l of the battery , and

the three zincs, Zn , Zn ,
Zn , are s imilarly con

nected together so as to form the nega tive, or
termina l.
T he electromotive force i s the same as tha t of

a single cell , or source. T he in tern a l res istance
of the source is as much less than the res istance of
any single source a s the a rea of the combined
nega tive or pos i tive pla tes i s greater than tha t of
any s ingle n egative or positive plate ; or, in other
words, i s less in proportion to the number of cells ,
or other separa te sources so coupled .

T he connection of six cells in mul tiple or

para llel circui t, i s shown in Fig . 129.
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In the case of the six cel ls , the current wou ld
"be ,

r

6

w here E, is the electromotive force, r, the in .

t erna l , and r
'

, the external resistance.

Fig . 1 29. Si x Cel l s Connected in M ult iple.

In the case of vol ta ic cells the effect ofmul tiple
c onnec tion on the in terna l res is tance of the source
i s to in crease the area of cross-secti on of the

l
i qu id in the direct proportion Of the number of

. cells added , and consequen tly to decrease the re
-si stance in the same propor tion .

When s trong or large curren ts of low electro
-motive force are requ ired , connections in mul ti

Lple
-arc are genera lly employed .

The mul tiple-arc connec tion w as former ly
c alled connect ion-f or -quant i ty . Thi s term i s now
a bandoned .

The tota l res istance for the parallel circui t is
~Obta ined as fol low s : ca lling the separa te res ist
.auces of the separa te electro-receptive devices ,
R

'

,
R etc .

,
etc . , etc .

,
tota l resistance,

R
'

x R
"
x R

'"

o r
, wha t i s the same thing, the conducti vity i s the

s um of th e reciproca l of the separa te res istances ,
~i . e

1 1I

Conductivi ty “

E
“ “

R
7

R
—

7
°

The joint res istance of on ly two separa te resist
a nces joined in a multiple-c ircu i t i s equa l to the
p roduc t of the separa te res istances divided by
t heir sum.

When the separa te res istances joined inmu l tiple
are are al l of the same va lue, the join t resistan ce i s
e qua l to the resis tance of one of them divided by
their number .

Ci rcui t, M ul tip l e-Arc —Aterm Often
u sed for multiple circuit . (See Ci rcui t , M ul

Ci rcui t , M ul t i pl e-Ser i es —Acom

pound circu it ih w hich a number of separa te

99 [Cir.

sources , or separa te electro-receptive devices ,
or both , are connec ted in a number of sepa
ra te groups in series , and these separa te
groups subsequently connected in mul t iple.

In Fig. 1 30, a mul tiple-series c ircui t of six

sour ces is shown , in which three separa te groups
of two series-connected cells are coupled in multi

ple. T he curren t takes the pa ths indica ted by the
arrow s . T he elec tromotive force of the source

w i ll be increased in propor tion to the number Of
cel ls in ser ies, and the in ternal res istance de
creased in proportion to the number in parallel .

F ig. 1 3 1 . Cell s Connected i n M ul t zple-Ser ies .

C 3B

3 r r
'

.

2

In Fig. 1 3 1 , six cells are arranged in two

groups of three ser ies-connected cel ls , and these
three groups connected in para llel .
Ca lling r , the res istance of each separate cel l ,

the tota l resistance for the multiple-series c ircu it
for a c ircu i t con taining three cells in para llel and
two in series is ,

3

for three in series and two in para llel ,

If, therefore , the c ircu it O f this ba ttery be

c losed by a res istance equa l to r , the curren t
would be in the case of Fig . 1 30,

213

+ r .
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Ci rcu i t , Negati ve Side of —T he s ide
of a c ircuit O ppos ite to the pos i tive s ide.

(See Ci r cu i t , Pos i ti ve Side of .)
That side or hal f of a circui t connected to or

leading from the positive termina l of the source Of
curren t.

Ci rcu i t, Open —Abroken c ircuit .
A c ircu it, the conduc t ing con tinuity of

w hich is broken.

Ci rcui t, O pen-I ron M agnet ic

T he pa th of a l ine of magnet ic induc tion ,

w h ich passes part ly through iron , and part ly
through an a ir space.

T he magnetic c ircuit i s a lways closed , tha t i s
the l in es of magnetic force a lways form closed
paths. Th e term Open i s used in contradis

tinction only to “
closed iron magn etic c ircu it,

in which the en tire pa th of a l ine of force passes
through iron . (See Ci r cu i t , M agnet i c. )

Ci rcui t, Paral l el —A name some

times appl ied to c ircu its connected in mul
t iple. (See Ci r cui t , M ul t ip le.)
Ci rcui t, Paral l el-Tree -Aform of

paral lel c ircuit in w hich the receptive devices
are placed in parallel between the leads and
returns , and the branches and sub-branches
arranged in a tree-l ike form.

Ci rcu i t, Posi ti ve Si de of —T ha t s ide
of a c ircu it, ben t in the form of a c irc le, in

wh ich , if an observer s tood w ith his head in
the positive region , he would see the current

pass round him from his right hand towards
his left.

Circui t , Recoi l A term sometimes
appl ied to the c ircuit tha t l ies in the a l terna
tive pa th of a discharge. (See Pa th , Al ter
na t i v e.)

Ci rcu i t , Return —Tha t part Of a

c ircu i t by w h ich the elec tr ic curren t returns to
the source.

In a mul tiple-c ircui t the lead tha t i s con

nected to the nega tive termina ls of the

separa te sources .

Ci rcu i t, Ser ies —A compound crr

cuit in w h ich the separa te sources , or the sep
arate electro-receptive devices , or both , are so
placed tha t the curren t produced in each , or
pas sed through each , passes success ively
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through the entire circui t from the firs t to the
las t.
T he six cells , shown in Fig . 1 32, are connected

in ser ies by joining the posi tive pole of each cel l
w i th the negati ve pole of the succeeding cell , the
negative and positive poles at the extreme ends

Fig . 1 3 2 . Ser ies Ci r cu i t .

be ing connected by conductors w ith the external
c ircui t.
The connection of three Leclanché cells in

s er ies is c learly shown in Fig. 1 33 . T he carbons,

r
0

If six of such cells are coupled in ser ies , the cur ,

ren t becomes
6B

6r 1
'

If
,
however , the in terna l resistance of each cel l be

so sma ll as to be neg lected , the formula becomes

6E

r
C

F1}? 1 3 3 , Volta i c Cells Connected i n Ser ies .

C , C , of the first and second cel ls are connected to

the z ines , Zn ,
Zn ,

of the second and third cells ,
thus leaving the zinc, Zn ,

of the first cell , and the

carbon ,
C ,

of the third cell , as the terminals of

the ha ttery . T he direction of the current is

shown by the a rrow s .

T he resis tance of such a connec ti on is equa l to

the sum of the res istances of al l of the separa te

sources .

T he electromotive force i s equal to the s um of

the separa te elec tromoti ve forces .

If the electromotive force of a s ingle cel l is

equal to E, its in ternal res istan ce to r , and the

resistance of the leads and electro-receptive de
vices to r

'

,
then the curren t in the c ircui t,

E
C =

r +
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T he time required from the momen t of

c los ing the c ircu it , for a curren t to rise to

e I

e

.632 of the max imum value.

a value equa l to of the ful l value, or

In the above, e, equa ls or the base of

the Napierian system of logar i thms .

T he time-cons tan t i s proportional to the con

d uctiv ity of the circu it and i ts forma l res istance.

Approx imately the time cons ta n t of a c ircuit i s
the t ime from closing the circui t, in which the

c urren t r ises to two ~ thirds of its maximum value,
this maximum va lue being determined by the

formula , C E.

The time-cons tan t of a c ircuitmay be reduced
By decreas ing the sel f-induction of the cir

c uit.
By increasing the resistance .

In the case of a magnetic conductor the time
constan t i s propor tiona l to a quan ti ty (the perme
ability) which i s determined by the capac ity of

the conductor to utilize par t of the energy in

produc ing magnetization of i ts substance.
—(F1cm

i ng . )

Ci rcui t, Vol taic —T he path through
w hich the current flow s out from a vol ta ic cell

or ba ttery, through the transla t ing devices
and back aga in to the cel l or bat tery.

Ci rcui ts , Forked —Aterm employed
in telegraphy to indica te circui ts tha t radia te
from any s ingle point.

Forked c ircu its are employed in s imu l taneously
transmitting messages to severa l sta tions .

Ci rcui ts, Var iet ies of —Conduc t ing
pa ths prov ided for the passage of an elec tric
curren t .

Elec tric c ircu its may be divided , according to
their complex i ty , into

Simple.

Compound .

According to the pecul iari ties of their connec
t i ons , in to

Shun t or derived .

Ser ies .

M ul tiple, mul ti ple-arc or para llel .
M ul tiple-series .

Series-mul tiple .

Ei ther the c ircu its . the sources , or the elec tro

receptive devices may be connec ted in ser ies , in
mul tiple , in multiple-ser ies or in series-mul tiple .

According to their res istance, circui ts are

divided into
( i . ) H igh-resistance .

Low-res is tance .

According to their rela tion to the electri c

source, in to
In terna l c ircu its.

Externa l circui ts .

According to their pos ition , or the work done,
c ircui ts are divided in to very numerous c lasses ;
thus , in telegraphy , we have th e fol low ing, viz . :
( I . ) T he lin e-c ircu i t.

T he earth or ground c ircui t.
The loca l-battery c ircu i t .
T he ma in-battery c ircu it, etc.

Ci rcul ar B el l .—(See B el l , Ci rcu la r .)

Ci rcul ar Un i ts—(See Un i ts , Ci rcula r .)

Ci rcul ar Un i ts (Cross-Sect ions), Tabl e
of —(See Un i ts , Ci rcula r (Cross-Sec
t i ons) , Table of .)

Clamp , Carbon —A carbon clutch.

(See Clutcn, Ca rbon , of Arc Lamp .)

Cl amp for Are Lamps—A c lamp for

gripp ing the lamp-rod , i . e. , the rod tha t sup
ports the carbon elec trodes oi arc lamps .

(See L amp , Electr i c, Ar c .)

Cl amp , Rod Acarbon clutch. (See
Clamp f or Ar c L amps .)

Cl ark
’
s Compound—(See Compound,

Cl ark
’

s Standard Vol ta i c Cel l .—(See
Cel l , Vol ta i c , Sta nda rd , Cla rk

’

s .)

Cl ark
’
s Standard Vol ta ic Cel l , Ray

l eigh
’

s Form of —(See Cel l , Vol ta i c ,

Standa rd , Ray lezg/z
’

s Form of Cla ra
’

s .)

Cl ay El ectrode—(See E lectrode, Cl ay .)

Cl eansing , Fi re —T he remova l of

grease from metal l ic art icles , that are to be

electro-pla ted , by sub ject ing them to the act ion
of hea t.

This c leansing is for the purpose of obta in ing a
uniform, adheren t coa ting.

Cl earance-Space. See St a t e. Clea ra nc e.)
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Cl ear ing-O ut Drops—(See D rofi s,Clea r

Cl eat , Cross ing —Aclea t so arranged
as to permit the cross ing of one pa ir of w ires
under or over another pa ir w ithout contac t
w i th each other.

Cl eat-Wi r i ng‘. -(See Wi r ing , Clea t .)

Cl eats, E l ectr ic -Sui tably shaped
p ieces

”

of wood , porcela in , hard rubber or

other non-conduc ting ma teria l used for fas ten
ing and supporting elec tric conduc tors to

c eilings , wal ls , etc.

A simple form of wooden clea t i s show n in

Cl epsydra, El ectr i c —An ins trument

for measuring time by the escape of water or
o ther liquid under electrical con trol.

Cl imbers , Pol e
—Dev ices emp loyed by
l inemen for c limb ing
w ooden telegraph poles .

A cl imber w ith straps
for a ttachmen t to the leg

a nd foo t i s show n in Fig .

1 36.

Cl ip , Cabl e —A
t erm somet imes used for

cable hanger. (See
Ha ng er , Cable .)

Cl ock , El ectr i c
—Ac lock, the works of

wh ich are moved , con Fig . 1 3 6 . Cl imber a nd

trolled, regula ted or

wound , either entirely or partial ly, by the elec
tric curren t .

Electr ic clocks may be divided in to three
c lasses, viz
( I . ) Those in which the works are moved en

t irely or par tia lly by the electr ic curren t.
Those which are controlled or regu la ted

by the electr ic curren t.

Those which are merely wound by the
’

curren t .
Aclockmoving independently of electric power

i s preven ted from ga in
ing or losing time

,
by

means of a slight re

tardation or accelera tion
electrica lly imparted .

T he en tire motion of

the ba lance wheel i s
sometimes imparted by
elec tr ici ty .

An example of one of

many forms of con troll
ing e lec tric clocks i s

shown in Fig . 1 3 7,
where the split batter y
(See B a ttery , Sp l i t ), P
N, i s connec ted

, as Fig . 1 3 7 . Control l ing

shown , to the spring
con tac ts 8and S

'

. In this way currents are sent

into the c ircui t in a lterna tely opposite directions .

The pendulum bob, Fig. 1 38, of the con .

trolled clock i s formed of a hollow co il of insu .

la ted W ire, which enc ircles one or both of two

permanen t magnets , Aand A'

,
placed w ith their

oppos ite poles fac ing each other .

When the pendulum of the con trol ling clock is
in the pos ition shown in Fig . 137, the cur rent
passes in the direction EPSnW

, etc . , and through
the coi l C , Fig . 1 38. When the pendulum of the

con troll ing clock i s in con

tac t w ith S
'

, the current
flows through Wn S

' N E
,

etc . , and through the coi l
C in the opposi te direc

tion . In this manner a

sli ght motion forwards or

backwards is imp a rted to

the pendulum, which is

thus kept in time w ith the
con trolling clock .

M ercury con tacts are

sometimes employed in

place of the spr ings S and C
S

'

. Induc tion curren ts may A
a lso be employed.

C locks of non-electric ac Fig 1 3 8. Control led

tion may be electr ica lly
con trolled , or correc tly set at certain in tervals ,
e ither automa tically by a cen tr a l clock, or by the
depression o f a key opera ted by hand from an

a s tronomica l observatory .
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In a system of time-telegr ap/zy ,
the controll ing

clock is called the ma s ter clock , and the con

trolled clocks, the seconda ry clocks .

Secondary clocks are genera l ly mere di als , con

Fzg
'

. 1 3 9. M echa n ism of Seconda ry Clock .

ta in ing s tep-by -s tep mov emen ts , for moving the

hour
, minute and second hands, as shown in

Fig . 1 39.

In Spel li er
’
s clock , a series of arma tures H ,

Fig. 140, moun ted on the circumference of a

Fig . 1 4 0. Spell ief s Electr ic Clock .

vt heel , connected w i th the escapemen t wheel ,
pass successively, w i th a step-by-step movemen t ,
over the poles of electro-magnets . O n the com

p letion of the circu it, they are a ttracted towards
the magnet, and on the breaking of the circui t
they are drawn aw ay by the fa ll of the w eight F,

placed on the lever D , pivoted a t E. Apu l ley at
E, runs over the surface of a pecul iar ly shaped
cog on the escapemen t wheel.

Cl ock , El ectr i c An nunci ator -A
clock, the hands or works of w hich , at cer

ta in predetermined times , make elec tri c con

tac ts and
'

thus ring bells , release drops , trace
records . etc.

[Clo.

Cl ock , El ectri cal -Control l ing In

a sys tem of t ime telegraphy, the mas ter clock,
w hose impulses move or regula te the second
ary clocks . (See Clock , Electr i c .)

Cl ock , El ectr ical l y-Control l ed In

a sys tem of t ime telegraphy, a secondary
clock, tha t is either driven or con trolled by
the mas ter c lock. (See Clock , Electr i c.)

Cl ock , El ectrol ytic, Tesl a’s Atime
piece in w h ich the rota t ion of the w heel w ork

is obta ined by the difference in weight
'

of the

tw o ha lves of a delica tely p ivoted and well

balanced w heel p laced in an electrolyt ic
bath .

In the electrolytic c lock of Nikola Tesla , a deli
cately formed and ba lanced disc of copper is sup
por ted on a hori zon ta l axis a t r ight angles to the
shortest distance be tween the two electrodes , and
placed in a ba th of copper sulphate. Its two

halves become respectively electro-posi tive and

electro-nega tive when a curren t i s passed through
the ba th , and con sequen tly meta l is deposi ted on

one ha lf and dissolved from the other ha lf. T he

rota tion of the disc under the influence of gravi ty
i s caused to mark time.

An e lectrolytic c lock could therefore be made
to answer roughly as an electr ic meter .

Clock , M aster —T he cen tral or con
troll ing c lock in a sys tem of elec tric t ime-d is

tribut ion ,
from w hich the t ime is transmi tted

to the secondary c locks in the c ircuit . (See
Clock, Electr i c.)
Cl ock , Secondar y Any c lock in a

sys tem of t ime telegraphy tha t is control led
by the mas ter clock. (See Clock , Electr i c .)

Cl ock , Sel f-Wi nd ing A c lock tha t
a t regular in terva ls is au toma t ica l ly wound by
the act ion of a sma ll electro-magnetic motor
con ta ined w i th in it .
This motor i s u sua l ly run by one or more vol

ta ie cel ls , concea led in the case of the c lock .

Cl osed-Ci rcu i t.—(See Ci r cu i t , Closed .)

Cl osed-Ci rcui t B attery.
—(See B a ttery ,

Closed Ci r cu i t .)

Cl osed-Ci rcui t, Singl e-Curren t , Signal

i ng (See S ign a l i ng , Si ng le
-Cur rent ,



https://www.forgottenbooks.com/join


Goa] 106

The {fli ciency may be the commerci a l qfi .

ciency , whi ch i s the useful or avai lable energy in
the external circui t divided by the tota l mechan
ical energy ; or i t may be the el ectr i ca l efi cien cy ,

which i s the available electrica l energy divided
by the tota l elec tr ica l energy .

T he efi ciency of conver s ion i s the tota l elec
tri cal energy developed , divided by the to ta l
mechani ca l energy applied .

If M , equa ls the mechan ica l energy ,
W, the useful or ava ilable electrica l energy ,

and

w , the electri ca l energy absorbed by the

machine, and
m, the s tr ay pow er

,
or the power lost in

fri ction , eddy currents , a ir friction , etc.

T hen , s ince
M W w m ,

T he Commerc ia l Effi ciency
W W

The Elec tr ica l Efii ciency
W
W w

The Effi ciency of Convers ion
W w W w

Co-efli ci en t of El ectro-M agnet ic Inert i a.

—(See Iner t i a , E lectr o-M ag neti c, Co
-ej i

ci ent of .)

Co effi cient of Expansion—(See Expan
si on , Co-efi ci ent of .)

Co~efli cient of Expansion , Linear
(See Expans i on , L i nea r , Co-cffi ci ent of .)

Cc-efi cient of M agnetic Inducti on—(See
Induct i on , M ag net i c, Co

-efi ci ent of .)

Co-efficient of M agnet izat ion—(See
M ag neti za ti on , Co-efi cz

’

ent of .)

Co-efi cient of M utual-Inductance.
—(See

Inductance, M utua l , Co-efi ci en t of .)
Co-eflicient of M utual-Induct ion .

—(See
Induction , M utua l , Co-cfi z

'

ci en t of .)
Co-eflicient of Sel f-Induct ion .

—(See I n
ducti on , Self , Co-cjfiici en t of .)
Coerci ti ve Force.

—(See For ce, Coer ci

Coerci ve Force.
—(See For ce, Coer ci ve.)

CO i l , Chok ing —A coil of w ire so

[Coi .

wound on a core of iron as to possess high
self-induct ion .

Choking-coils are used to obstruct or cut off an
a lterna ting curren t w i th a loss of pow er less than
w ith the use of a mere ohmic res istan ce.

Fi g . 14 1 show s a chok ing coil . It consis ts of

a c ircula r solenoid of insula ted w ire , wound
on a core of soft iron w ire . A thorough d iv i su
i on of the core i s obta ined by forming i t of co ils .

of in sula ted iron w ire. In this w ay , no eddy
curren ts are produced in the coil . When a simple
periodic e lec tromo tive force is applied to the
terminals of such a co il , if
the magnetic permeabil ity
of the co il i s constant, a

s imple periodic curren t i s
produced , w hich lags be
hind the phase of the im

pressed electromo tive force
by a. con stan t angle. If Fig . 1 4 1 . Cli cki ng ,

the impressed electromo

tive force i s suffi c ien tly grea t to more than sa tu
rate the core, the choking coil ceases to choke
the cur rent. T he higher the per iodic i ty the

greater i s the choking effec t of a gi ven coil, or the
sma ller the co il may be made to produce a given
effect .
Since an open-magne tic c ircui t requires a

grea ter curren t to satura te i t than a closed-mag
netic c ircu it, the complete throttling or choking
power of such a coil is increased by form ing i ts
core of a closed magnetic c ircu it, i . e . ,

of a c ircu i t
in which there i s no a ir space or gap . (See Ci r cu i t ,
D iv i ded M agneti c. Ci r cu i t , Cl osed . M agn et i c.)

Coi l , El ectr i c Aconvolut ion of in

sula ted wi re through w h ich an elec tric curren t
may be passed. (See M ag net , E lectr a .)
The term coil i s usua lly applied to a number

of turns or to a spoo l of w ire.

Coi l , Impedance Aterm sometimes
a ppl ied to a choking-coil . (See Coi l , Cl i o/b

Such a co il has a high self-induction . Its im

pedance i s therefore high . (See I nduct ion ,
Self .

I mpeda n ce. )

Coi l , Induct ion —An appara tus con
s is ting of two paral lel coils of insula ted w ire
employed for the produc t ion of curren ts by
mutua l induct ion . (See Induct i on , M utua l .

Inducti on , Electro-Dy nami c .)
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A rapidly in terrupted battery curren t, sen t
through a coil of w ire ca l led th e pr ima ry coi l ,

induces al ternating currents in a coil ofw ire ca l led

As heretofore made, the primary coil consists of
a few turn s of a thick wi re, and the secondary
coi l ofmany turn s , often thousands , of fine w ire .

Such coils are genera lly ca lled Rubmborfi
'

coi l s ,

from the name of a celebrated manufacturer of

them.

In the form of Ruhmkorfl
'

coil , shown in Fig .

142. the pr imary w ire, wound on a core formed

Fig . 1 4 2. Ru/zmkorf Coi l .

of a bundle of soft iron w ires , has i ts ends brought
out as shown at f, f

'

. T he fine w ire, forming the

secondary coil , is w rapped aroun d an insula ted
cylinder of vulcan ite

,
or glass, surrounding the

pr imary coi l . This w ire is very thin ,
and in some

coils is over one hundred mi les in length .

If the core of an i nduc tion coil were made solid
it wou ld hea t cons iderably and therefore cause a

loss of energy . T he core i s therefore lamina ted ,
usua lly by forming i t of a bundle of soft iron w ire .

T oo grea t a divis ion of the core , however , is
inadvisable, s ince, a l though the eddy curren ts
therein are thereby avoided , y et, too grea t a

d ivision of the core ac ts practica lly so to

decrease the magnetic permeabil ity tha t the

grea test effi c iency can not be obta ined .

T he ends of the seconda ry co il are connected
to the in sula ted pillarsAand B .

T he pr imary curren t i s rapidly broken by
means of a mercury break , shown a t L and M .

T he commuta tor , show n to the r ight and fron t
of the base, i s provided for the purpose of cutting
off the curren t through the pr imary , or for chang
ing i ts direction . When a battery which produces
a comparatively la rge curren t o f but a few volts
electromotive force is connec ted w i th the pri

mary , and i ts curren t rapidly interrupted , a

torren t of sparks w il l pass be tween A and B ,

having an elec tromoti ve force of many thousands
of times the number of vol ts of the primary cur

107 [Coi .

Fig . 1 4 3 . Ci rcui t Connect ions of Induct ion Coil .

men t and connection of the differen t parts of

induction coil .
T he core I I

'

, con sists of a bundle o f soft iron
w ires , each of which i s covered w i th a thin insu
la ting layer o f varn ish or oxide. Apr imary w ire
PP, con sisting of a few turns of comparatively
thick wire, i s wound around the core , and a

grea ter length of thin w ire S S, i s wound upon the
primary . This i s called the secondary . So as

not to con fuse the deta ils of the figure it i s repre
sented as a few turns .
T he termina ls of the ba ttery B , are connec ted

to the primary w ire , through the automa t ic inter
rupter , in the manner show n. It w il l be seen tha t
the a ttraction of the core I I

'

, for the vibra ting
armature H ,

w i ll break contac t a t the point 0, and
cause a continued in terruption of the battery
curren t.
T he condenser c c '

, i s connec ted as shown . It

acts to dimin ish the sparking a t the con tac t po in ts
on breaking con tact, and thus , by making the

ba ttery curren t more sudden , to make i ts in
ductiv e action grea ter.

T he reaction s which take place when a simple

rent, but of a correspondingly sma ller current

s trength .

In such cases , excepting losses during conver
s ion , the energy in the pr imary cur ren t, or C E,

is equa l to the energy in the secondar y curren t ,
or C

’

B . As much therefore as E
'

, the elec tro
motive force of the secondary curren t, exceeds E,

the electromotive force of the primary curren t,
the curren t strength C

'

, of the secondary , w ill be
less than the curren t s trength C , of the primary .

This i s approximately tr ue on ly
, and onl y in ih

duction coils possessing a c losed magneti c circu i t.
(See T ransf ormer . )
Fig . 143 show s d iagramatically the arrange
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periodic electromotive force i s impres sed on the

p rimar y of an induc tion coi l are subs tan tia lly
thus s ta ted by J . A. Fleming

T he applica tion of a s imple periodic im~

pressed elec tromo tive force produces a s imple
per iodi c curren t, moving under an effec tive elec
tromotive force of self-induction , and br ings in to
existence a counter-electromotive force of self
induction , which causes the p rimary curren t to
lag behind , by an angle ca lled the angle of lag.

T he fi eld aroun d the pr imary , and, there
fore, the induction through the secondary, is in
consonance w ith the pr imary curren t, and the im
pressed e lec tromotive force in the secondary is

i n quadr a ture w i th the pr imary current . (See

Consona nce. Q uadr a tur e, In . )
T he secondary-impressed elec tromotive

force gi ves r ise to a secondary curren t movmg
under an effective electromotive force and crea t
ing a coun ter electromotive force of self-induc

This secondary current reacts in i ts turn
on the pr imary , and creates wha t i s ca lled the
back e lectromotive force , or the reacting-induc
t ive-elec tromotive force of the pr imary circui t .

There i s then a phase-difference between
the pr imary and secondary currents , and a lso be .

tween the primary-impressed e lectromotive force
and the primary curren t.
If, as in Fig. 144 , two electr ic c ircu its are

CIRCUIT

Fig. 1 4 4 . Electr ic a nd di ag net ic Li nk .

li nked w i th a magnetic circu i t, and a sma l l
periodic e lectromotive force be impressed on the

pr imary
, the follow ing phenomena occur :

A periodic primary curren t i s set up in

the pr imary c ircu it, which , though of the same

per iodic time as the impressed electromotive
force, d iffers from i t in phase.

Awave of coun ter electromotive force i s
produced in the primary c ircuit by the induc tive
ac tion , w hich does not coinc ide e ither w ith the

impressed e lec tromotive force, nor w i th the

primary current .
Aw ave of magnetiza tion i s produced in

the iron core, which lags behind the pr imary

[Coi .

curren t by somewha t less than 90 degrees of

phase.

Awave of impressed e lectromotive force
is produced in the secondary c ircu i t, due to and

measured by the rate of change of magneti c in
duction in the core , and lagging 90 degrees , or
more, behind the magnetiza tion w ave .

Awave of secondary current, lagg ing be
hind the secondary electromotive force in phase

,

except where the c ircu i t consists of a few turn s of
conductor , or is connected w ith an externa l cir
cu i t of prac tically no inductance—(Fleming )
Coi l , Induct ion , Inverted —Ah

induction coil in w h ich the primary coi l is
made of a long , thin w ire, and the secondary
coil of a short, thick w ire .

By the use of an inver ted coil
, a curren t of high

e lectromotive force and compara tively smal l cur
ren t strength , i . e .

,
but of few amper es , i s con .

v er ted or tr ansf ormed in to a cur ren t of compar
a t i vely sma ll electromotive force and large cur .

ren t strength . For advan tages of this conversion
see E l ectr i ci ty , D i str i but i on of , by Al terna t ing
Cur r ents .

Inverted induction coils are ca lled conv er ter s or
tr ansf ormer s . (See T r ansf ormer . )

Coi l , Induct ion , M edical

induct ion coil used for medica l purposes .

Aform of induction coi l used for medi cal pur .

poses i s shown in Fig . 145 .

Fig . 1 45 . M ed ica l Induct ion Coi l .

Coi l , Induct ion , M icrophone
—An

induc tion co il , in w h ich the varia t ions in the
c ircu i t of the primary a re obta ined by means

of microphone contacts . (See M z
’

cropnone.)

T he carbon-button telephone transmitter is a

m icrophone in i ts action , i ts elec tr ic resistance
vary ing w i th the varying pressure caused by the
soun d waves . T he carbon-button is in the pri nt
ary circuit of an induction

‘

coi l , var ia tions in
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inser tion of a thermometer . T he lower part of
the coil , B , i s immersed in water up to the shoul
der of A, an d the wa ter s ti rred from time to

Fig . 1 48. Sta nd a rd O ltm .

time . Since the coil i s heated by the curren t
, suc

cessiv e observa tions shou ld be a t least ten minutes
apart. O n ly mi ld curren ts should be passed
through the coils.

Coi l , Resi stance, Standardi zed

Res is tance coils w hose res is tances have been
careful ly determined by comparison w i th a

standard ohm or other s tandard coils .

Coi l , Ruhmk or ff —A term some

t imes appl ied to any induc t ion coil , the

secondary of wh ich gives currents of h igher
elec tromot ive force than the primary . (See

Coi l , Inducti on .)

Coi l , Secondary —T ha t coil or con

ductor of an induction coil or trans former ,

in w h ich a lterna t ing currents are induced by
the rap idly in terrupted or a l terna t ing curren ts
in the primary coil . (See Coi l , I nduct i on .

Tr a nsformer .)

Coi l , Shunt —Acoil placed in a de

rived or shun t circuit . (See Ci r cui t , Slzun t .)

Coi l , Spark —Acoil of insula ted w ire
connected w ith the ma in c ircuit in a sys tem
of elec tric gas-l ighting , the extra s park pro

Fig . 1 49. Spa r k Coi l .

~

duced on breaking the circui t of w hich is em
ployed for elec trica lly ign it ing gas jets .

Sp ark coils are emp loy ed where the number of

[Col o

gas jets to be simultaneous ly lighted i s not toor

grea t. When this number exceeds cer ta in l imi ts ,
the spark from an induction coi l i s more advan

tageou sly used.

Aspark coi l i s shown in Fig. 149.

Coi l s,
’Armature, of Dynamo-El ectr ic

M ach i ne —T he coils , s trips or bars tha t
are wound or p laced on the arma ture core .

T o avoid needless resistance the w ire, or other
conduc tor , of the armature coils , should be a s

shor t and thick a s w il l enable the desired e lectro ~

motive force to be obta ined w ithout excess ive .

speed of rota tion .

T he arma ture coils should enclose as many
l ines of force as poss ible (i . e. , they should have
as nearly a c ircul ar ou tline as possible) . In

drum-arma tures , the breadth of the arma ture is
frequen tly made nearl y equa l to i ts length , unless
other con sidera tion s preven t.
When the arma ture w ire cons ists of rods or

~

bars
,
i t shou ld be laminated or s l i t in plan es

para llel to the l ines of force so as to avoid
eddy currents . O ther things be ing equa l, the .

Fig . 1 5 0. Ser ies Connect ion of Arma tur e Coi ls .

grea ter the number of coils , the more un iform:

the curren t genera ted. T he separate coils should:
be symmetr i ca l ly d isposed ; otherw ise irregu lar in
duction , and consequen t spa rking at the commu

ta tor results .

T he coi ls of pole-arma tures shoul d bewound near‘

the poles rather than on the middle o f the cores .

In order to avoid undue hea ting , spaces for
a ir ven tila tion are not inadvisable. Various con

nection s of the arma ture coils are used .

In some machines al l the coil s a re connected in
a. c losed c ircui t. In some , the coils are independ
ent of one another , and , ei ther for the en tire
revolution ,

or for par t of a revolut i on , are on an!

open c ircu it.
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In a lterna ting curren t dynamos in order to oh

ta in the rapid reversa ls or a l tern a tions of curren t ,
which in some machines a re a s high a s

per m inute, a number of phies of a lterna te polar
ity are employed . T he separa te coils tha t are

used on the arma ture may be coupled either in
ser ies or in multiple-arc .

Where a compara tively low electromotive force
i s suffi cient, such as for in candescen t lamps in
mu ltiple-arc, the sepa ra te coils are un ited in
para llel ; but for purposes where a. con s iderable
electromotive force i s necessary , a s for example ,
in systems of a l terna te curren t distributi on , w i th
converters a t cons iderable distances from the

generating dynamo ,
they are often connected in

series , as shown in Fig. 1 50.

Coi ls , B i ndi ng —Coils of w ire wound
on the outs ide of the armature coi ls , and at

right angles thereto , to preven t the loosen ing
of the arma ture w ires by the ac tion of cen

trifuga l force.

T he binding coils are genera lly made of hard
brass w ire.

Coi l s, Compensat ing Aterm some

times a pp l ied to the series coils p la ced on a

shun t-wound dynamo.

Coi l s, Conjugate —Two coils so

placed , as regards each o ther, tha t an in terrup
t ion of the curren t in one produces no induced
curren t in the other.

When two coils are conjuga te to each other , the
lines of force of on e do no t pa ss through the o ther .

Consequen tly such coils can produce no induc
tion in one another .

Coi l s, Henry’s —Anumber of sepa
rate induc tion co ils so connec ted tha t the

curren ts induced ih the secondary w ire of

the fi rs t coil , a re caused to induce curren ts
in the secondary w ire of the second coil . w ith
whose primary it is connec ted in series , and

so on throughout a ll the coils .

Aseries of three of Henry ’s coils i s shown in
Fig. 1 5 1 . An in termitten t ba ttery curren t i s sen t

Fig . 1 5 1 . Hen ry
’

s Coi ls .

into a , the secondary , b , of which i s connected
w ith the primary, c , of the second coil . T he

1 1 1 [CoL

secondary , d , of the second coi l, i s connected wi th
the pr imary, e, of the th ir d coil , and the cur

ren ts fina ll y induced in f, are employed for any
u seful purpose, such as the magnetiza tion of a

bar of iron at g.

T he curren t in b, is sometimes called a Secon

da ry Cur r en t , or a C urren t of the Second O rder ;
tha t induced by this secondary curren t in d , i s
ca lled a Ter t ia ry Cur r en t ,

’

or a Cur r ent of tbe

Tbi r d Or der tha t in f
, a Cur ren t of t lze Four t/z

O rder . Henry carr ied these succes sive induc
ti on s up to curren ts of the Sev en t lz O rder .

Henry ’s coils in real ity consist of separate ih
duction coils, connected , as above expla ined

,
in

ser ies .

In Fig . 1 52, the tertiary curren t “

induced in

Fig . 1 5 3 . f reez i ng of Wa ter by Electr ic i ty .

to the bismuth the junction i s heated ; i t i t passes
from the bismuth to the an timony it i s cooled
In the appara tus shown in Fig . 1 53 , the an timony
bismuth couple i s arranged as shown for the

Fig. 1 5 2 . Ter tia ry Cur r en ts of Coi ls .

IV,
may be employed to g i ve shocks to a person

grasping the handles , e and f.

Coi l s, Proportional —Pa irs of re

s is tance coils , genera l ly of 10, 100 and

ohms each , forming the proport iona l a rms of

the balance or bridge, and emp loyed in the box ,

or commerc ia l form of W hea ts tone ’

s bridge .

(See B r idg e, Electr i c , Commer ci a l Form

Col d, Production of, by El ectr ici ty
—An absorption of energy and consequen t
reduc t ion of tempera ture a t a thermo-elec tric
junc t ion by the pa s sage of an elec tric curren t
across such juncti on in a certa in direct ion .

When an electri c curren t passes across a thermo
e lectr ic jun c tion, the junction is either hea ted or

cooled. In the case of an an timony-bismuth
couple, if the current passes from the antimony
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freezing of w ater by means of the electric cur

ren t. Aand B , represen t plates of an timony and

bismu th respectively . Asma ll cavity, a t E, serves
to hold a drop of wa ter. When a curren t has
passed in the direction shown by the arrow s , a

drop of water , previously cooled to the tempera .

ture of melting ice, i s sol idified by the lowering
of the tempera ture at the junction .

Col l ecti ng B rushes of Dynamo-El ectr ic

M ach i ne. (See B r usnes , Col l ect i ng , of
Dy namo

-Electr i c M a clt ine.)

Col l ectors , El ectr i c —Devices em

ployed for col lec ting or taking off e lec tric i ty
from a moving electric source.

Col l ectors of El ectr ic Fr ict ional M a

ch ineS.
—T he meta l lic po in ts tha t collec t the

charge from the g la ss pla te or cyl inder of a

frictional electric mach ine.

Col l ectors of Dynamo El ec tr i c M ach i nes .

-T he brushes tha t res t on the commuta tor
cyl inder, and carry off the curren t genera ted
on the rota tion of the arma ture.

Collectors are properly ca lled commu ta tors
when they are employed to cause an a lterna te
current to become con tinuous , or to flow i n one

and the same direction .

Col l oids.
—O ne of the two classes in to

wh ich subs tances are separa ted by d ia lys is .

B y dialysis bodies are separated in to crystal
loids , or bodies capable of c rys tall iz ing , and col

loids or jelly-i lke bodies, incapable of crystall izing.

Colloids possess grea t cohesion and but s light
d ifi usibil ity . (See D i a l y s i s . )

Col ombi n .
—An insula ting substance , con

s is ting of a mixture of sulpha te of ba rium
and sulpha te of calc ium , p laced between the

paral lel carbons of the Jablochkoff candle.

Col umn , B arometri c —A column ,

usually of mercury, approxima tely 30 inches
in vert ica l height , sus ta ined in a barometer ,
or other tube, by the pressure of the a tmos

phere.

The space above the barometric column con

ta ins a vacuum known as the Torr i cel l can v a c

uum. (See Va cuum, Tor r i cel l i an . )
Col umn

, El ectr ic —Aterm formerly
appl ied to a vol ta ic pile. (SeePi le, Volta i c .)
Col za 0i l .—(See O i l , Colza .)

[Conn

Comb ination Gas Fi x tures—(See Fi x
tur es , Ga s , Combina t ion .)
Combined Tangent and Sine Gal vanom

( l i en—(See Ga lva nometer , Comoi nea
'
Ta n

g ent a na
’
Si ne.)

Comb Lightn ingArrester .
—(SeeAr rester ,

n ntn i ng , Comb.)

Comb Protector .
—(See Protector , Como.)

Commerc i al Efli c iency .
—(See Efi ci ency ,

Commer ci a l .)

Commerc i al Effic iency of Dynamo.

(See Effi ci ency . Commer ci a l , of Dy namo.)

Commerc ial Form of El ectr ic B r idge.

(86 6 B r idg e,Electr i c , Commer ci a l Form of .)

Commun i cator , El ectr ic —A term
formerly emp loyed for a telegraph ic key . (See
Key , T eleg r aph i c .)

Commutat ing T ransformers , Di str ibu

t ion of El ectr i ci ty by —(See E lec
tr i ci ty , D i str ionti on of , of Commzeta t i ng
T r a nsf ormer s .)

Commutation .
—T he act of commuting , as

of curren ts .

Commutat ion , Di ameter of -In a

dynamo-elec tric mach ine a diameter on the

commuta tor cyl inder on one s ide of w h ich
the d ifferences of poten tial , produced by the
movement of the coils through the magnet ic
field , tend to produce a curren t in a direc tion
oppos ite to those on the other s ide.

Tha t d iameter on the commuta tor cyl inder
of an open-circu ited a rma ture tha t joins the
poin ts of contact of the col lec ting brushes .
Thus in Fig. 1 54, the directions of the induced

e lectromotive forces are indica ted by the arrows .

T he diameter of commuta t ion is therefore the line
11 n

'

. T he term neu tr a l l ine i s a lso sometimes

g iven to th is l ine. It l ies at right angles to the
l ine of maximum magnetiza tion m m.

In a closed-ci r c ui ted a rma ture, tha t i s , in an arm
a ture the coils of which are connected i n a c losed
c ircui t, the collec ting brushes rest on the commu

ta tor cylinder a t the neutr a l l ine, or on the di am
ter of commuta t ion .

In an open -circu ited armature, however , Where
the coils are independen t of each other, the
Collecting brushes mus t be set a t m m, a t right
ang les to the n eutra l l ine 11 n . T he term d iame
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and supported on a commutator cyl inder usua lly
placed on the shaft of the arma ture.

T he ends of the armature coils are connected
to commuta tor s trips or segmen ts.
T he number ofmetal lic pieces or segmen ts, A.

andA'

, on the commuta tor cy l inder depends on

the number , arrangement and connection of the

armature coils, and on the

d ispos i tion of the magnet i c

fi eld of the machine.

Figs . 1 56, 1 57 and 1 58

show the connections of an

arma ture coil to the plates of
a two-pa r t commuta tor .

A four-part commutator
for a r ing-armature , and the
connections o f the coils
thereto, a re shown in Fig . 1 59.

T he commuta tor s trips may either connect the
separa te coils in a c losed-c ircui ted a rmature, in
w hich the coi ls are a l l connected w i th one an

other, or , in an open -c ircu ited arma ture , in which
the separa te coils are independen t of on e another.

Commutator , Ruhmkorfi
’
s —Aname

gi ven by Ruhmkorff to a dev ice p laced on h is

induct ion coil for the purpose of chang ing or

revers ing the direct ion of the ba t tery curren t
through the primary.

0

Fig . 1 5 0. Four -f a r t

Commut a tor .

This r ev er ser i s shown in Fig. 160. (See

Coi l ,

Fag . 1 6 0. Ru/zmleorfi
’

s Commut a tor .

Tw o metalli c strips, V , V , supported on
~

a

cylinder of insulatingmaterial , are in con ta c t w i th
the ba ttery terminals A, and D , through two

vertica l springs tha t bear on them. O n a ha l f
rota tion of the cylinder by the thumb screw L,

(Com.

the strips V, V , change places as regards the ver
tica l spr ings , and thus reverse the direction of

the ba ttery curren t.

Commuted Currents . (See Curr ents ,

Commuted .)
Commuter , Current —Any appa

ra tus by means of w hich electrica l curren ts ,
flow ing a l terna tely in d ifferen t d irec t ions ,
may be caused to flow in one and the same

direct ion .

ACommutator.

Commut ing—Caus ing to flow in one and

the same direc t ion ;

Commut ing Curren ts —(See Cur r ents ,

Commut i ng .)
Compar tment M anhol e of Condui t . (See

M a nnole , Compa r tment , of Condui t .)

Compass, Az imuth -A compas s

used by mariners for measuring the horizon

ta l d is tance of the sun or s tars from the mag

net ic , merid ian . (See Az imutlt , M ag net i c .)
Amariner

'

s Compass .

As ingle magnetic needle, or several magnetic

needles , are placed para llel to one anoth er on the
low er surface of a card , called the compa ss ca r d.

This card i s divided in to the four ca rdi na l points ,

N
,
S, E and W , and these again subdivided in to

th irty . two poin ts called Rfiumos .

In the azimuth compass these division s are sup

plemented by a further division in to degrees .

A form of azimuth compass i s shown in Fig.

16 1 . In order to ma in ta in the compass box in a

Fig . 1 6 1 . Az imuth Cofrzpa ss.

horizonta l position ,
despite the rolling of the sh ip ,

the box , AB ,
i s suspended in the larger box ,

P

Q ,
on two concen tr ic meta l lic c ircles , C D , and
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E F, pivoted bn two hor izon ta l axes a t r ight angles
to each other . This kind of suppor t i s techn ic
a lly termed Gimba ls . Sights G , H ,

are provided
for measuring the magnetic azimuth of any ob

j cet .

Compass, B ox ing the -Naming,

consecutively, a l l the differen t poin ts or

t humbs of the compas s from any one of them.

(See Compa ss , Poi nts of .)

Compass-Card.
—(See Ca r a’, Compass .)

Compass , Incl in ation - Amagnetic
need le moving freely in a s ing le vert ica l p lane,
a nd emp loyed for determin ing the angle of

d ip a t any p lace.

An Incl inometer. (See Incl inometer .)
Adipp ing c ircle. (See Ci r cle, D ipp ing .)
T he needle M ,

Fig . 1 62, i s supported on

Fig . 1 62 Inc l i na tion Compa ss .

(edges so as to be free to move on ly in the vert ical
p lane of the gradua ted vertica l c ircle C C . This
c ircle i s movable over the hor izon ta l gradua ted
c ircle H II . In order to determine the true angle
of dip , the ver tica l plane in which the needle i s
free to move must be placed exactly in the plane
of the magne tic mer idian .

T o a scerta in this plane the vertical c ircle i s
moved until the needle poin ts vertica lly down
wards . It is then in a plane 90 degrees from the

magnetic merid ian . T he ver tica l c irc le i s then
moved over the horizonta l c irc le 90 degrees , in
w hich posi tion i t i s in the plane of the magnetic
meridian , when the true angle of the dip is read ofi .
For an ex plana tion of the reason of this see

[Com.

Component , Hor i zon ta l and Ver ti ca l , of t it:

Ea r l /1
’
s M agnet i sm.

Compass, M ar i ner
’
s —Aname often

appl ied to an a zimuth compass . (See Com

pa ss , Az imut/z.)

Compass, Points of —T he th irty-two
points into which a compass card is div ided .

Six teen of these poin ts are shown in Fig . 163 .

Fig . 1 63 . Poi nts of Compas s .

T he pos ition of the rema in ing points w ill be
readily seen by an inspection of the figures.

These poin ts are as follows

Sou fli .

2. N . by E. 18. S. by W.

3 . N . N . E. 19. S S W .

4 . N. E. by N. 20. S. W. by S.

5 . N. E. 21 . S. W .

6. N. E. by E. 22. S. W. by W.

7. E. N . E. 23 . W. S. W.

8. E. by N. 24 . W. by S .

9. Ea s t. 25 . Wes t .

10. E. by S. 26. W. by N .

1 1 . E. S. E. 27. W . N . W .

12. S. E. by E 28. N . W . by W.

1 3 . S. E. 29. N . W .

14 . S. E. by S 30. N . W. by N.

1 5 . S. S. E. 3 1 . N . N . W .

1 6. S. by E. 32. N . byW.

B ox i ng tlze Compa ss cons ists in naming all

these poin ts consecu tively from any one of them.

T he d irection in which the ship i s sa il ing i s de
termined bymean s of a poin t fixed on the in s ide of

the compass box , directly in the line of the ves

sel’s bow .

Compass , Rhumbs of —T he points
of a mariner

’

s compas s . (See Compass ,

Poi nts of .)
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Compensated Al ternator.
—(See Alter

na tor , Compensa ted .)

Compensated Exci tation of Al ternator .

—(See Alter na tor , Compensa ted Ex ci ta

t i on of .)

Compensating Coi l s.—(See Coi ls , Com

pensa t i ng .)

Compensati ng M agnet . (See M ag net ,

Compensa ti ng .)

Compl ement ofAngl e—(SeeAng le, Com
plemen t of .)

Compl eted-Circui t .
-(See Ci r cui t , Com

pleted.)

Component .
—O ne of the two or more sep

arate forces in to wh ich any s ingle force may

be resolved ; or, conversely , the separa te forces

wh ich together produce any s ingle resul ting
force .

When two or more forces act simul taneously to
produce motion in a body , the body w ill move

Fig. 1 6 4 . Compos i t ion of For ces .

w ith a given force in a s ingle direction called the
resu l tant . T he separate forces, or directions of

motion , are called the components .
T wo forces acting s imultaneously on a body at
A, Fig . 1 64, tending to move i t in the direction

of the arrow s, alongAB ,
andAC , w ith intensi

tiesproportioned to th e lengths of the l in esAB ,

andAC , respectively , w ill move i t in the dirce
tionAD , obta ined by draw ing B D, and l ) C ,

[Com.

parallel toAC, andAB , respectively, and then
draw ingAD , through the poin t of in tersection ,

D. This i s ca lled the Composi tion of For ces .

AD, is the resul tan t force, and AB and AC ,

are i ts componen ts .

Conversely , a s ingle force, acting in the direc
tion of D B

,
Fig. 1 65 , aga inst a sur face, B C ,

may be regarded as the resul tan t of the two sep

ara te forces, D E, and D C , one para l lel to C B ,

and one perpendicular to i t. D E,
be ing paral lel

to C B , produces no pressure, and the absolu te
effec t of the force w ill , therefore, be represen ted
by C D .

This separation of a s ingle force into two or

more separa te forces i s ca lled the r esolut ion of

f or ces , the force, D B , be ing resolved in to the .

componen ts , D E and D C .

Component Currents—(See
Componen t .)

Component , Hor i zontal , of Ear th
’
s M ag

net i sm -Tha t port ion of the earth ’

s .

d irec t ive force which acts in a horizonta l dim

rect ion .

T ha t port ion of the earth ’

s magnetic force :
w h ich a c ts to produce mot ion in a com

pass need le free tomove in a horizon ta l plane
only.

LetAB
,
Fig. 1 66 , represen t the di r ection and

magn i tude of the ea rth
’
s magnetic field on a mag

neti c needle. T he magnetic force w ill l ie in the :

plane of the magnetic mer id
i an ,

which W i l l be assumed to D

be the plane of the paper C A
D . T he ea rth ’s field , AB , can

be resolved in to two compo
nen ts , AD , the Izor i zon ta l com

ponen t, and A C , the v er t i ca l

componen t.
In the case of a magnetic

needle , l ike the ordinary com

pass needle, which i s free to

move in a horizon ta l plane on ly ,
the horizon ta l component a lone
directs the needle . Aw eight
i s applied to ba lance the vertical
componen t.
When the needle i s free to move in a vertical

’

.

plane, and this plane corresponds w ith tha t of
the magneticmer id ian , the en tire magnetic force,
A B , acts to pla ce the needle, supposed to be
properly balanced , in the direction o f the lines of:
force of the earth’s magnetic field at tha t p oin t.

Cur rents ,
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If, however , i t be placed near C , but separa ted
from i t by a dielectr i c, such as a pla te of gla ss
B

, and C , be connec ted w ith the ground , A, w il l
receive a much grea ter charge. (See D i el ectr i c . )
Suppose , for example, tha t A, be connec ted

w i th the positive conductor of a fr ictiona l e lectric
machine, i t w i ll by induct ion es tablish a negative
charge on the surface C , nearest i t, and repe l
a pos i tive charge to the earth. T he presence of
t hese two Oppos ite charges on the Opposed sur
faces o i Aand C , permits A, to receive a fresh
c harge from the machine. (See Induct i on ,

E l ectr os ta t i c. )
T he charge in a condenser in rea l ity res ides

-ou the oppos ite sur faces of the glass , or other
d ielectric separating the metal lic coatings , a s can
b e shown by removing the coati ngs a fter charg
ing .

T he condenser resu l ted from the discovery of

the Leyden jar . (See 7a r , Ley de n. )
T he capac i ty o f a condenser i s measured in

mi cr of a r ads. (See Fa r ad . )
In practi ce condensers are made of sheets of

t in foi l, connected to Aand B ,
respectively

, and

separated from one ano ther by sheets o f o iled
s ilk , paraffined paper, or thin pla tes of mica , as
hown in Fig . 1 68.

Fig . 1 68. Condenser .

ALeyden jar or condenser does not s tore elec
tr ici ty any more tha n a storage ba ttery does .
T he same quan tity of elec tr ic ity passes out of the
oppos ite coa ting o f the jar tha t is passed in to the
o ther coa ting . T he jar , therefore , possesses no

store of electric ity . Wha t it rea lly possesses is a
s tore of e lectrica l energy .

According to Ay r ton , i f the capacity of a con

d enser , i h farads , be F, and the difference of po

tential , W i th which i t i s cha rged , be V ,
volts, the

s tore of electric energy it possesses , or the work it
c an do when discharged , is ,

F x V’3

Condenser , Adjustabl e —A con

denser, the plates oi w h ich can be read ily
adjus ted s o a s to obta in the s ame capac ity
a s tha t of the conduc tor to be measured.

Work foot-pounds.

In order to obtain a compara tively wide range

of adjus tabili ty , a condenser i s composed of say
four separa te secti ons : con sis ting of one of 2

microfarads , one of t microfarad and two of i
microfarad

,
thus making in a ll 4 microfa rads .

Condenser, Ep inus

to an early form of condenser.

denser .)

Condenser , Ai r —A condenser in
w h ich layers of a ir act as the dielec tric.

-Aname given

(See Con

Aform of a ir condenser i s shown in Fig .

Fig . 1 69. Ai r Condenser .

It cons ists essen tially of one set of thin pla tes of

glass partially coa ted on both S ides w i th sheets of
tin foi l , so as to leave uncoa ted a spa ce o f abou t
one inch around the edge of the glass . T he g la ss
pla tes do not act as dielectrics , but merely a s sup

por ts for the ti n foil , hence the foil on both s ides
o f the pla tes i s connected electr ica lly .

Another set of pla tes a lterna ting w i th the above
have the tin foi l placed over the whole surface of
the glass .

These plates are placed , a l terna tely , over one

another on a s tand between guide rods of vulcan
i te E, E,

E
, E, i n the manner shown , and are

separated from one another by fragmen ts of g la ss
of the same thickness . T he pla tes w ith the foil
over their en tire surface a re a l l connected to

gether and to the terminal B ,
to form the outer

coa ting, and the plates w ith the fo i l over nea rly
a l l their surfaces a re a l l connected together and

to the termina l 'A
,
to form the inner coating of

the condenser .

There is thus formed a condenser in which
prac ti ca l ly two extended conducting sur faces are

Q
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separa ted from each other by a th in layer of air ,
which acts as the dielectric.

Condenser , Al ternat i ng-Current
Acondenser suitable for use in connec tion w ith
a sys tem for the dis tribut ion of e lec tric energy
by means of a l terna t ing currents .

Alterna ting-curren t condensers mus t have a ver y
thin dielectric in order to avoid too grea t bu lk .

This, of course , introduces a difficulty a s regards
l iability of fa ilure of in sula tion , which mus t be
carefu l l y avoided .

Condenser ,Armature of (SeeArm
a tur e of a Condenser .)

Condenser, Capac i ty of —T he quan
tity of elec tric ity in coulomb s a condenser is
capable of holding before its poten tia l in vol ts
is ra ised a g iven amoun t .
T he ra t io betw een the quan t ity of e lec tr ic

i ty in coulombs on one coa ting and the poten
t ia l d ifference in vol ts between the two coa t
ings . (Ay r ton )
T he capacity i s directly proportiona l to the

cha rge Q and inverse ly propor tiona l to the po

ten tia l V , or ,

0

Q—h
’

V

o r
,
s ince Q K V , the quantity of electr ic ity re

quired to charge a condenser to a g iven poten tia l
i s equa l to the capac ity of the condenser mu l t i

p lied by the poten tia l through which i t i s carr ied .

T he capac i ty of a condenser increases in direc t
preportion to the increase in the area of i ts coa t
ings .

When the coa tings are plane and para llel to
each other , the capacity o f the condenser i s in the
inverse ra tio to the dis tance be tw een the coa tings .

Condenser , Coati ng of —(See Coa t
i ng of Condenser .)
Condenser , Pl ate —Acondenser, the

meta l l ic coa tings of w h ich a re placed on

suitably supported p la tes .

Condenser , Pol es of

Condenser . )
Condenser , T ime-Con stant of

T he t ime in w h ich the charge of a condenser
fa lls to the 1 part of its orig ina l

va lue.

Condensers , Di str ibut ion of El ectr i c i ty
by M eans of E lectr i ci ty , D i str i

(See Poles of

but i on of . by Al ter na ti ng Cur r ents , by mea ns
of Condenser s . El ectr i ci ty , D i str i but i on of ,

by Cont i nuous Cur r ents , by mea ns of Cou

denser s . )

Conduct.—T o pass electricity through con
duc t ing subs tances .

T o determine the genera l d irect ion in w h ich
elec tric i ty sha l l pas s t hrough the e ther or

d ielec tric surround ing the s o-cal led conduc t
ing subs tance. (See Conduct i on , Electr i c .)

Conductance—Aw ord sometimes used in
p lace of conduc ting power.

Con duct iv i ty .

Conductance, M agnetic —A word
somet imes u sed ins tead of magnet ic permea

b il ity . (See Permea bi l i ty M ag net i c .)

T he magne tic conductance i s equa l to the tota l
induction through the c ircu it d ivided by the

magnetiz ing force .

Conduct ing Cord—(See Cord , Conduct

Conduct ing , El ectr ical —Possess ing
the power of pass ing e lectricity through any

conduct ing subs tance .

Pos ses s ing the power of determin ing the

d irec tion in w hich electric ity s ha l l pas s through
the ether surround ing a subs tance . (See

Conductor )

Conduct ing Poner .
—(See Pow er Con

duct i ng .)

Conducting Power for El ectr i c i ty.
—(See

Pow er , Cona
’

ucti ng , f or Electr i ci ty .)

Conduct ing Power for Lines of M ag

net ic Force—(See For ce, M ag n et i c , L i nes

of , Conduct i ng Power of .)

Conduct ing Power , Tabl es of

(See Pow er , Conduct ing , T ables of .)

Conduct ion Current—(See Cur r en t , Con
duct i on .)

Conduct ion , Disrupt i ve —As pec ies
of conduc t ion in w hich the res is tance of the

c onduc tor is sudden ly overcome.

Disruptive conduc tion i s seen in the d i sruptive
discharge of a conden ser , or Leyden Ja r .

Conduction ,
E lec tr ic —T he so
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cal led flow or passage of electricity through
a metal l ic or other s imilarly acting subs tance.

T he abil ity of a subs tance to determine the
direct ion in which elec tric energy sha l l be
transmi tted through the ether surround ing it .
T he ab il ity of a subs tance to determine the

d irec t ion in w h ich a curren t of e lec trici ty
passes from one poin t to another.

When a conducting w ire has i ts ends connected
w ith an elec tric source, a curren t of electric ity is ,
in common language, sa id toflow through the w ire,
and this was formerly bel ieved to be a correc t
statemen t. According tomodern view s , however,
the e lectric energy i s believed to pass through the
ether or other dielec tric surrounding the con

ductor , the so-ca lled conductor forming merely
a s ink , where the electr ica l energy dissipa tes
itself. T ii e conductor s imply acts to direct the
current.
Since, however the energy practical ly passes

by means of
,
and in the genera l d irection of the

conductor, there is no obj ection in Speaking of

the e lectricity as flow ing through the conductor .

Conduction , El ectr i c, Di srupt i ve
A conduc t ion of electric energy w hich ao

compan ies a d is rupt ive d ischarge. (See
D i scna rg e, D i sr upt i ve.)

Conduct ion , El ectr i c , M etal l ic —A
conduct ing of elec tric energy of the same char
ac ter a s tha t w h ich occurs in meta l l ic sub

s tances .

Conduction , El ectrol y tic —A term
sometimes emp loyed to indica te the passage
of elec tric ity through an e lec troly te.

There i s no passage of electric ity through an

e lectrolyte in the same sense as through an ordi
nary conductor.

When , through electrolysis, an e lectromotive
force i s brought to bear on a molecu le of say
Hcl , it i s assumed by some tha t the l ibera ted
hydrogen a toms travel on the whole in one di
rection , and the l ibera ted chlorine a toms in the

opposite direction . T he a toms thu s moving
through the l iqu id may by the ir e lectr ic charges
be assumed to convey electr ici ty , and this fac t
has given rise to the term electroly tic condue ~

tion.

In e lec trolytic conduction the charges are

necessari ly equa l , bu t the Speeds o f the ir mo tion
a re unequal . In a given liquid , each a tom has

[Con.

—T he recip

its own rate Of motion
,
no ma tter w ith wha t i t

has been combined . Hydrogen travels faster
than any other kind Of a tom. T he conduc tivity
Of a liqu id depends on the sum Of the speeds w ith
which the two Opposed a toms travel .
This assumed double stream Of oppos itely mov

i ng a toms i s den ied by most phys ic ists . (See

[ fi /potlzes i s , Grottbus . )

Conduct i ve-Di scharge.
—(See D i scnarg e,

Conduct i v e.)

Conduct i vi ty , El ectr i c
roca l Of elec tric res is tance.

Since the conduc ti vity i s greater the less the re
s i stan ce , the conductivity w il l be equa l to the recip
roca l O f the resistance , and may be so defined . T he

conductivity i s therefore equa l to

Conduct i vi ty , Equi val ent —Acon

duct iv ity equa l to the sum O f severa l condue
t iv it ies .

Conduct i v i ty per p n i t of M ass—T he t e

c iproca l of the res is tan ce Of a subs tance per
uni t Of mass .

Conduct i v i ty per Un i t of Vol ume—T he
rec iproca l of the res is tance Of a subs tance

per cubic cen t imetre or per cubic inch .

T he res istance i s mea s ured from on e face Of
the cube to the Oppos i te fa t e.

Conducti vi ty Res i stance.
—(See Res i st

a nce, Conduct i v i ty .)

Conduct i v i ty , Spec i fi c —T he par

t icular conduc t iv i ty of a subs tance for e lec

tricity .

T he specific or part icular res is tance Of a

given leng th and un i t of c ross-sec t ion of a .

subs tance a s compared w i th the same length
and area Of cross-sect ion Of some s tandard
subs tance.

Conduct i vi ty, Spec i fi c M agnet ic

T he specific or part icu lar permeabil ity Of
'

a

subs tance to l ines Of magnet ic force.

T he specific magnetic conductivity i s measured
by the ra tio Of the magneti zation produced to the
magn etizing force w hich produces i t.
T he specific magnetic conductivity i s the an

a logue Of specific inductive capacity , or condue
tiv ity for lines Of electrosta tic force . I t i s a lso the
ana logue for specific conducting power for heat.
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Conductor , Conjugate —Ia a sys tem
O f l inear conductors . any pa ir O f conductors
that are s o p laced as regards each other t ha t
a varia t ion Of the res is tance or the electro
mot ive force in the one causes no variat ion in
the current of the other.

Conductor, Earth-Ci rcu i ted A
conductor connec ted to the ground , or to an

earth-connected c ircuit.

Conductor , House-Serv ice —A term
emp loyed in a sys tem Of multip le incan
descent lamp dis tribut ion for tha t port ion Of
the c ircuit w h ich is inc luded betw een the ser

v ice cut-out and the centre or centres Of d is
tribut ion , or between th is cut-out and one or

more points on house ma ins .

Conductor , I sotrop ic —A conduc

tor w h ich posses ses the same pow ers of elec
tric conduc t ion in a l l d irect ions .

An elec trica l ly homogeneous conduct ing
medium.

Conductor . Leakage —A conductor
placed on a telegraph c ircui t for the purpose
Of preven t ing the dis turbing efi ects Of leakage
in to a ne ighboring l ine by prov iding a direc t
pa th for such leakage to the earth.

T he leakage conductor , as devised by Varley
consists Of a thick w ire a ttached to the telegraph
pole. T he lower end of the conductor i s grounded ,
and i ts upper end projects above the top of the

pole .

There exists some doubt in the minds Of ex pe
rienced telegraph engineers whether it i s w ell to
apply leakage conductors to telegraphic or tele
phon ic l ines Of over 12 or 1 5 m iles in length ,
s ince such conductors g rea tly increa se the elec tro
static capac ity O f the line. and thus cause ser ious
retardation .

Conductor , Lightn i ng —A term
somet imes used for a l ightn ing rod. (See
Rod , n /t tn ing .)

Conductor , O pen-Ci rcu i ted —Acon

ductor arranged as an Open or broken c ircu i t .

Conductor , Potent i al of -T he rela

t ion ex is ting betw een the quan t ity Of elec

tric ity in a conduc tor and its capa c ity.

A given quan tity Of electric ity w ill ra ise the

potentia l of a conductor higher in proportion as

the capac ity Of the conductor becomes less.

Conductor , Poten t i al of, M ethods of

Vary i ng —T he poten t ia l of a conductor
may be varied in the fol low ing ways :

( I . ) By varying i ts electric charge.

By varying i ts size or shape w i thout a lter
ing i ts charge .

By varying its posi tion as regards neigh
bor ing bodies .

This resembles the case Of a gas whose tension
or pressure may be var ied as follow s , v iz
( I . ) By varying the quan tity of gas.

B y varying the s ize Of the gas holder in
which it i s kept

,
and

By varying the tempera ture .

D ifference Of poten tia l, therefore, corresponds
W ith difference o f level in l iqu ids .
With d i fference

'

of pressure in gases .

Wi th difference Of temperature in hea t.

Conductor , Pr i l ike
—T he pos itive

conductor of a fric t iona l electric or elec tro
s ta tic mach ine. (See M a c/zi ne, Fr i ct i ona l

Electr i c .)
Conductor , To Shor t-Ci rcu i t a

T o shun t a conduc tor w ith a c ircui t Of com

paratively sma l l res is tance .

Conductor , Underground —An elec

tric conduc tor p laced underground by ac tua l
buria l or by pas s ing it through underground
conduit s or subways .

Underground conductors, though less uns ightly
than the ordinary aer ia l conductors , requi re to

be la id w ith unusua l care to render them equa l ly
safe, since , w hen con tacts do occur, a l l the w ires
i n the same condui t are apt to be s imu ltaneously
afiected , thus spreading the danger in man y di f
ferc ut directions . They are

,
however , less liable to

dangers a r i smg from occasiona l acc iden ta l crosses
or con ta cts.

Conductors , Serv ice —Conductors
emp loyed in sys tems Of incandescen t l ighting
connected to the s tree t ma ins and to the

elec tric appa ra tus p laced in the s epara te
build ings or area s to be l ighted .

Condu i t , Cemento Li ned —A cab le
condu it, the s eparate duc ts O f w hich are sur

rounded by any suitable cement.
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Condu i t , Handhol e of —(See H a nd

fiole of Condui t .)

Condu i t, M anhol e of —(See M a n

fiole of Condui t .)

Condui t, M ul t i pl e —A condui t
formed of concrete or other in sula t ing ma te
ria l , and furn ished w ith a number Of separa te
ducts .

Condui t, Open-B ox
—A condu i t

cons is t ing O f an open box Of w ood p laced in
a trench and c losed w i th a wooden cover
after the in troduction O f the cab le.

Cables or w ires may be drawn through such
condui ts in the usua l manner .

Condui t, Roddi ng
'

a —In troduc ing a

w ire or rope in to the duc t of a c losed condu it
prepara tory to draw ing the cab le through.

Var ious methods are in u se for rodding a con

du it. O ne much follow ed con s ists in us i ng sec

tions Of gas pipe, the ends Of which are furn ished
w i th screw threads .
The sections are abou t four feet in length . O ne

section i s pushed in to the duc t a t one manhole
and the success ive sections a re in troduced in to
the duct and screw ed on to the s ec ti on in the duct
and pushed through un til a suffi C i ent: length is
Obtained to reach the next manhole , a rO pe or

cable is then pulled through from one manhole to
the next .

Condui t, Underground E l ectr i c
An underground pas sagew ay or Space for

the reception of electric w ires or cables . (See

Subw ay , Electr i c.)
Congel at ion .

—T he ac t of freezing , or the

change of a l iqu id in to a sol id on loss Of hea t ,
O r change of pressure.

Conjugate Coi l s—(See Coi ls , Conjug a te .)

Connect—T O place or br ing in to elec tric
con tac t.

Connect ing .
—Plac ing or bring ing into e lec

tric con ta c t.

Connect ion for Intens i ty—Connec t ion in Connect ion of Vol ta ic Cel l s for In ten

series . (See Connect i on . s i ty .
—(See I n ten s i ty , Con nec t i on of Vol ta i c

This term i s now nearl y Obsolete. Cel ls f or .)

Connect ion for Quant i ty —Connec t ion in Connect ion , Ser ies —T he connec

multiple. (See Connect i on , M ’dt’t fleo) t ion of a number Of sepa ra te e lec tric
This term i s now nearly Obsolete. sources , or e lec tro-receptive devices , or c ir

[Con

Connection , M ercur i al —A form
Of readily adjus tab le connect ion Obta ined by
prov id ing the poles of one p iece Of electric
appara tus w ith cups or cav i ties fi lled w ith
mercury, in to w h ich the termina ls Of another
p iece O f appara tus a re dipped in order to
p lace the two in c ircui t w i th each other.
This form Of connection i s used pa rticularly

when a very perfec t con tac t or one tree from
fr ic tion is des ired .

Connect ion, M ul t ipl e
-Such a con

nect ion Of a number Of separa te elec tric
sources , or elec tro-recept ive devices , or c ircuits ,
tha t all the pos it ive term ina ls are connec ted
to one ma in or pos it ive conductor, and a ll the

negat ive termina ls are connected to one main

or nega t ive conductor.

In the mu ltiple connection Of a number Of
e lectro-receptive devices , when the devices are

connected as above descr ibed to pos itive and

negative leads tha t are ma in ta ined at a constan t
difference of poten tial , the cu rren t passes through
the devices from one lead to the other by bran ch .

i ng and flow ing through a s many separa te Cir

Cuits as there are separa te receptive device s,
and the Open ing or c los ing Of one Of these c ir

cu its does not a ffec t the others . (See Ci r cui ts ,
Va r iet ies of . )

Connect ion , M ul t ipl e-Ser i es Such

a connec t ion Of a number Of separa te electric
s ources , or separa te electro-recept ive de

v ices , or c ircuits , tha t the sources or devices

are connected in a number Of separa te groups
in series , and each O f these g roups connec ted
to ma in pos itive and nega tive conductors or

leads in mult iple arc . (See Ci r cu i ts , Va r i e
t i es of .)
Connect ion of B atter y for Quant i ty .

(See B a ttery , Connect i on of , f or Qua n ti ty .)

Connect ion of El ectr ic Sources i n Cas
c ade - (See Ca sca de, Connect i on of E lectr i c

Sour ces i n .)



cuits , SO tha t the curren t passes succes s ively
from thefirs t to the las t in the circuit . (See

Ci rcui ts , Va r i et i es of .)

Connection , Ser ies-M ul t i pl e
—Such

a connect ion Of a number of separa te elec tro
receptive dev ices , tha t the devices are p laced
in mul tip le groups or c ircu its , and these
separate groups connec ted w ith one another
in series .

Connection, Tel ephon i c Cross

Adevice emp loyed in sys tems Of telephon ic
commun ica t ion for the purpose Of les sen ing
the bad effects Of in duct ion , in w hich equal
lengt hs Of adjacen t parallel w ires a re a l ter

nately crossed so as to a l terna tely occupy the
O ppos ite s ides of the circuit .

Connector.
—A dev ice for readily con

necting or join ing the ends O f two or more

w ires . (See Post , B i nd ing .)

Connector , Doubl e

—Aform Of bind
ing screw suitable for
readily connect ing two

w ires together.

Aform Of double con

n ector is shown in Fig .

1 70.

Conn ing Tower .

(See Tow er , Cann i ng .)

Consequent Points—(See Points , Cons e
ouen t .)

Consequent Pol es—(See Poles , Conse

guent .)
Conservat ion of En ergy—(See Energy ,

Conserv a t i on of .)
Consonance,

“ In Consonance.
—A term

emp loyed to expres s the fact tha t one s imp le
period ic quan t ity , i . e . , a wave or v ibra t ion ,

agrees in pha se w ith another.

Constant—T ha t w h ich rema in s inva riab le.

Constant-Current . -(See Cur r ent , Con

stan t .)

Constant-Curr en t Ci rcu i t—(See Ci r cu i t ,
Consta nt Cur ren t .)

t ag . 1 7 0 . D ouble

Connector .

Constan t-Curren t , Di str i but ion of El ec
—(See Electr i ci ty , D i s tr itr ic i ty by

button of , by Consta n t Cur r en ts .)

Constant Poten t i al .
—(See Potent i a l ,

Constant-Poten t i al Ci rcu i t— (See Ci r

cui t , Cons tant-Potent i a l .)

Constant, T ime, of El ect ro-M agn et

T he t ime required for the magnetiz ing
-I

curren t to rise to the E of its final value.

Fig . 1 7 1 . Automa t ic

Con ta ct B r ea ker .

Constant , Diel ectri c Aterm some

t imes employed ia p lace Of s pec ific induc t i ve
capac ity. (See Capa ci ty , Specifi c Induct i ve.)

Constant, Gal vanometer —T he
numerical fac tor connec t ing the current pas s
ing through a ga lvanometer w i th the deflec
t ion produced by such current.

Sometimes a distinction is made be tween the

ga lvanometer con stan t and the reducti on fac tor ,
the former being u sed to indica te the rela tion
between the cu rren t and the geome tr ica l con s tan t
Of the galvanometer , while the la tter i s used in
the sen se jus t defined of ga lvanometer con s tan t.

Constant Inductance—(See Inducta nce,
Consta n t .)

C

Contact-B reak er , Automat ic —A
device for caus ing an elec tric curren t to
rapidly make and break its own c ircuit.

T he spr ing c , Fig. 1 7x, carries an armature Of
soft iron , B , and i s

placed in a c ircu i t in
such a manner tha t
the c ircu it i s c losed 0

when pla tinum con

tacts pla ced on the

ends of D and B ,

touch each o ther . In

this case the arma

ture , B , i s a ttrac ted to
the core A, Of the

elec tro-magnet, thus
breaking the circu i t
and caus ing the magne t to lose i ts magnetism .

T he elastic ity of the Spring C , causes i t to fly back
and aga in c lose the con ta cts, thus aga in energ iz

i ng the electro-magnet and aga in a ttracting B ,

and breaking the c ircu it. T he makes and breaks
usua lly follow each o ther SO rapidly as to produce
a mus ica l note. (See Ala rm, E l ectr i c . )

Contact , Dotting —An elec tric con
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acciden ta lly placed in firm connection wi th an .

other meta ll ic c ircui t.
Pa r t i a l , as by imperfect conductors be ing

placed across w ires , or bad earths , or defective
insula tion .

In termi tten t , as by occasional con tacts of

sw inging w ires , etc .

Contacts, B urgl ar -Al arm —Con
tacts fi t ted to w indows , doors , t ills , s teps ,
floors , etc so tha t a movement of the parts
from their na tura l pos ition gives an a larm by

sounding a conven iently loca ted bell .

Contacts, Lamp —M eta ll ic p la tes or

rings connec ted w ith the termina ls of an incan
descen t lamp for ready connect ion w i th the l ine.

Contacts, M ercur i al —Elec tric con

tacts that are opened or c losed by the ex

pans ion or contraction of a mercury column .

In the commonest forms of mercuri a l con .

tacts , on the expans ion of the mercury by hea t i t
reaches a contact poin t placed i n the tube , and
thus completes the circu i t through i t own mass .

O r , on con traction i t breaks a contact , and thus
di s turbingan electr ic balance, sounds an a larm.

Cont inental Code Tel egraph icAl phabet .
—(SeeA lplzaoet , Teleg r ap/t i c, I nterna t i ona l

Continui ty of Current—(See Cur r ent ,

Cont inuous .)

Continuous Current—(See Curren t , Con
t inuous .)

Cont inuous Current ,

El ectr ic i ty by —(See Electr i ci ty , D i s

tr iout ion of , by Constant Curr ents .)

Cont inuous Current, Dyn amo-El ec tr ic
M ach i ne —(See M a clt ine, Dy namo

Electr i c, Continuous Cur r ent .)

Con t inuous-Sounding El ectr i c B el l .

(See B el l , Cont inuous-Sounding Electr i c .)

Cont inuous Wi res or Conductors—(See
Wi res or Conductors , Conti nuous .)

Con traction , Anodic Cl osure T he

muscular con traction ob served on the c los ing
of a vol ta ic circuit , the anode ofwhich is placed
over a nerve , and the ka thode a t some other
part of the body .

This term i s genera lly w r itten A. C . C .

126

Di stribut ion of

[Cone

Convect ion Currents—(See Curr en ts ,Cou
nect i on .)

Convect ion , El ectr i c -T hc a ir par

t icles , or a i r s treams , w hich are thrown off
"

from the pointed ends of a charged , insula ted
conductor.

Contraction , Anodi c Durat ion

T he length of time the muscle continues in
contrac t ion on the Open ing or clos ing of a

c ircui t , the anode of w h ich is placed over the
part contrac ted .

This term i s general ly wri tten A. D . C .

Contract ion , Anodic Open i ng

T he muscular con traction observed on the
'

opening of a vol ta ic circui t, the anode ofw hich
i s p laced over a nerve, and the ka thode at

some other part of the body.

This term i s genera l ly wr itten A. O . C .

When the anode i s placed over a nerve and a

w eak curren t i s employed , i f the c ircu i t be kept
'

c losed for a few minutes , i t w il l be noticed tha t,
on open ing the Ci rcu i t the con traction w i ll be '

much grea ter than i f i t had been opened a fter ‘

be ing c losed for on ly a few seconds . T he effect
of theA. O . C . therefore depends not on ly on the :

curren t strength , but a lso on the time during"

wh i ch the curren t has passed through the nerve.

Con tract ion of Li nes of M agnet ic Force.

—(See Force. M ag net i c, Con tr a cti on of
L i nes of .)

Contractures . In elec tro-therapeutics ,
prolongedmuscular spasms , or tetanus , caused
by the passage of electric curren ts .

Contrapl ex Tel egraphy .
—(See Teleg ra

pity , Contr aplex .)

Con trol l ed Clock—(See Clock , El ectr i c.)

Control l er .
—Amagnet , in the T homson

Hous ton sys tem of automat ic regula t ion,

whose coi ls are traversed by the ma in cur

ren t , and by means of wh ich the regula tor
magnet i s automa tically thrown into or out of

'

the mam c ircui t on changes in the strength

of the curren t pass ing . (Se
’

e Reg ula t ion ,

Automa t i c .)

Control l ing Clock—(See Clock , Electr i c.)

Control l i ng M agnet—(See M ag net , Con
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Convection s treams, like curren ts flow ing
through conductors , act magnetica lly , and are

themselves acted on by magnets . T he same thing
i s true of the brush discharge , of the volta ic arc ,

and of convective discharges in vacuum tubes .

Convect ion , El ectrol yt ic —A term
proposed by Helmhol tz to explain the appa
ren t conduct ion of elec tricity by an electro

lyte, w ithout consequen t decompos i tion .

Helmholtz assumes tha t the atoms of oxygen or

hydrogen , adher ing to the electrodes dur ing elec
troly sis , are mechan ica l ly dislodged and d ifi

'

used

through the l iquid , thus carrying oh
"

the elec
trici ty by the charges received while i n con tact
with the elec trodes .

Convection of Heat , Electric —(See
Hea t , Electr i c Convect ion of .)

Convection Streams—(See Streams , Con
nect i on .)

Convecti ve Di scharge—(See D z
’

scaa rg e,

Conuecti rxe.)

Conversion , Effi ciency of, of Dynamo
—T he total elec tric energy developed by a

dynamo, d iv ided by the tota l mechanica l
energy required to drive the dynamo. (See

Co-efi ci ent , Economi c , of a Dy namo-Electr i c

M a c/zi ne.)

T he efficiency of conversion
\V w W w

where W ,
equa ls the usefu l or ava ilable electr ica l

energy , M ,
the tota l mechan ica l energy , w , the

elec trica l energy absorbed by the machine, and
m, the stray pow er, or the pow er los t in friction ,
eddy cur ren ts , a ir fr iction , etc .

Converted Currents—(See Curren ts ,

Conver ted .)
Con\'er ter .

-T he inverted induct ion coil

employed in sys tems of d is tribut ion by means
of a l terna t ing currents .

Aterm sometimes used instead of trans

former. (See T r ansf ormer .)
Converter , Cl osed-I ron Ci rcu i t
A closed-iron c ircuit transformer.

Tr a nsf ormer , Closecl-I ron Ci rcui t .)
Converter , Constant-Current

Aconstantzgurrent transformer. (See Trans

f ormer , Constan t-Current .)

[C0p.

Converter , Effi ci ency of -T he effi

c iency of a transformer. (See Transf ormer ,

—T he a xes of

Conver ter Fuse—(See Fuse, Conver ter .)
Converter , Hedgehog —A form of

trans former. (See Tr ansf ormer ,Hedg enog .)
Converter, M ul t i p l e —A mul t iple

trans former. (See Tr ansf ormer , M ul tzple.)
Converter , Open-Iron-Ci rcui t —An

open-iron-c ircuit transformer. (See Trans

f ormer , Open-[ r on-Ci r cui t .)
Converter , Ser ies —A series trans

former. (See Transf ormer , Ser ies .)
Converter , Step-down —As tep-down

transformer. (See Transformer , Step-down .)
Converter , Step-up —A s tep-up

transformer. (See T r ansformer , Step-up .)

Converter , Wel di ng —A welding
trans former. (See T r ansformer , Weldi ng .)
Convert ing Currents—(See Cur rents ,

Conv er t ing .)
Cool ing B ox of Hydro-El ectr i c M ach ine.

—(See B ox , Cool i ng , of Hy dro-Electr i c

M a c/t i ne.)

Co-ordi nates , Axes of
abscissas and ordinates .

T he two s tra ight l ines , usua lly perpend icular
to each other, to w hich d is tances represen t ing
values are referred for the graphic represen

tat ion of such values . (SeeAosci ssa s ,Ax es of .)

Copper B ath .
—(See B a t/z, Copper .)

Copper Pl at i ng—(See Pla ting , Copper .)
Copper Ribbon .

—Avariety of s trap cep

per. (See Copper , Strap .)
Copper , Strap —Copper conductors

in the form of s traps or flat bars .

Strap copper is used on the a rma tures of some
dynamos . Heavy copper conductors for such
purposes are divided in to s trap copper so as to

avoid eddy curren ts . T he straps are placed
a longside one ano ther and insulated by a coa ting
of varn ish .

Copper Wi re, Hard-Drawn
Wi re, Copper , Ha rd-D r awn .)
Copper Wi re, Soft-Drawn
Wi re, Copper , Sof t-D r aw n .)
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Copper Vol tameter .
—(See Vol tameter ,

Coppered Pl umbago.
—(See Plumbag o,

Cappered .)

Coppering, El ectro —Elec tro-plating
w ith copper. (See Pla ting , E lectr a .)

Cord-Adjuster .
—(SeeAay

’

uster ,

Cord, Conduct ing —Asmal l flex ible
cable, usual ly contain ing severa l

'

conductors

separated from one another by insula ting ma
tenal .

Cord, El ectri c —Aflex ible, insulated
electric conductor, genera lly con ta ining at leas t
two parallel w ires .

Elec tri c cords are named from the purposes for
which they are employed , ba ttery cor a

’

s , den ta l

cords , l amp cords , motor cor a
’
s , sw i tc/z cards , etc.

Fig . 1 7 2. Flex ible Cor d .

Atwo. conductor flexible cord, in which each
cord i s composed of a number of bare copper w ires
placed para llel to and in con tactw ith one another ,
i s shown in Fig. 1 72. T he severa l separate w ires
give flexibil ity to the cord .

Cord, Pendant —Aflexible conductor
provided for conveying the current to a hang
ing electric lamp supported by it .

Cords, Tel ephone —Flexible con

ductors for use in connec t ion w ith a tele
phone .

Telephone cords, a ttached to an articula ting
telephone, are shown in Fig. 1 73 .

Cor.

Core, Armature, Fi l amentous

An armature core, the iron of which consis ts
of w ire .

Core, Armature, H —An arma ture
core in the shape of the letter H , general ly
known as the shut tle arma ture, and s ome

t imes as the girder armature.

This form is a lso ca lled an I armature .

T he H armature core was the form or ig ina lly

g iven to the Siemens arma ture. In this form a

s ingle coi l of w ire was secured on the cross-bar

of the H armature core, so as to fi ll up the en tire
space ins ide the letter, and the ends of the w ire
connected to a two-par t commuta tor .

Core, Armature, Lami nat ion of

T he subdivis ion of the core of the armature
of a dynamo-electric mach ine i nto separa te
insulated plates or s trips for the purpose of
avoiding eddy or Foucaul t curren ts .

This lamina tion mus t a lways be perpendicular
to the direc tion of the eddy currents tha t wou ld
otherw ise be produced . (See Cur r en ts ,

Core, Armature, of Dynamo-E lectri c
M ach ine —T he iron core , on , or around

which , the armature coils of a dynamo-elec tric
machine are wound or p laced.

The arma ture core i s lamina ted for the pur
pose of avoi ding the formation of ea

’

a
’

y or Fou

caul t cur r en ts .

In dr um,
and in r ing-a rma tur es , the laminae

shou ld be i n the form of thin insulated discs or

pla tes of soft iron ; in pol e-a rma tur es they should
be in the form of bun dles of insu la ted w ires .

T he iron in the cores should be of such an area

of cross-sec tion , as not to be readily oversatura ted .

Core, Armature, Radial l y-Lami nated
—An a rma ture core, the iron of which

cons is ts of thin iron w as hers .

Core, Armature, Ribbed —A cyl in

dri ca l arma ture core provided w ith long i

tudina l project ions or ribs tha t serve a s

s paced channels or grooves for the reception
of the armature coils .

Core,Armature, Tangent i al l y-Laminated
—An a rma ture core , the iron of w hich

cons is ts of a coil ed ribbon .

Core, Armature, Vent i l at ion of

M eans for pas s ing a ir through the arma ture
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conveying an ampere—(Ay r ton ) (SeeAm
pere. Far ad . Vol t .)

Coul omb
’
s Torsion B al ance—(See B a l

ance, Coulomo
’

s T or s ion .)

Coul omb-Vol t .—A Joule, or .7373 foot
pound .

T he term i s genera lly w r itten vol t ~coulomo.

(See Vol t-Coulomb. )

Counter , El ectr ic —A device for

count ing and reg is tering such quant it ies as

the number of fares col lected , ga llons of water
pumped , sheets of paper printed, revolut ions
of an eng ine per second , votes pol led , etc.

Various electr ic devi ces are employed for this
purpose. They are generally electro-magnetic
in character .

Counter-El ectromoti ve Force. (S e e

Force, Electromoti ve, Counter .)

Counter El ectromot i ve Force Lightn i ng
Arrester .

~ -(SeeAr rester , n ntn ing , Coun

ter-Electromot i ve For ce.)
Counter-El ectromoti ve Force of Convec

t i ve Di scharge—(See Force, E lectromoti ve,

Counter , of Convecti ve

Counter-El ectromoti ve Force of M utual

Induct ion—(See For ce, Electr omoti ve,

Coun ter , of M utua l Induct ion .)

Counter-El ectromot i ve Force of Sel f-I a

duct ion—(See Force, Electr omoti ve, Coun
ter , of Self-Induct ion .)

Counter-El ectromot i ve Force of Sel f-In

duct ion of the Pr imary .
—(See For ce,

Electromot i ve, Counter , of Self -Induction of
the Pr ima ry .)
Counter-El ectromoti ve Force of Sel f-In

duct ion of the Secondary .
—(See For ce,

Electromot i ve, Counter , of Self-Induct ion of
t/ze Secondary .)
Counter-El ectromot ive Force of the

Pr imary .
- (See Force, Electromot i ve

,

Counter , of ti l e Pr ima ry .)
Counter Inducti ve Effect—(See Ej ect ,

Counter Induct ive.)

Coupl e.
—In mechanics , two equal paral lel

forces acting in oppos ite directions but not in
the same l ine, and tend ing to cause rota tion.

T he moment , or ej
’
ect ive power of a coup le, i s

[Con.

—T he effective

equa l to
'

the in tensi ty of one of the forcesmultipl ied
by the perpend icu lar distance between the d irec

tions of the two forces .

Coupl e, Astat i c —T wo magnets of

exactly equa l s trengt h so p laced one over the
other i n the same vert i ca l p lane a s to com

pletely neutral ize each other.

An astatic couple has no directive tendency . A
pair of magnets combined as an a static couple i s
ca l led an asta tic needle. (See Needle

, As ta t i c . )

Coupl e, M agnet ic T he coup lew h ich
tends to turn a magnetic need le, p laced in the
earth '

s field , into the p lane of the magnetic
merid ian .

If a magnetic needle i s in any other pos ition
than in the magnetic merid ian , there w il l be two
para llel and equa l forces ac ting a tAand B , Fig .

1 74, in the directions shown by the arrows.

Their effect w i ll be to ro

tate the needle until i t
comes to rest in the mag
netic mer id ian N S.

T he tota l force acting
on either po le of a needle
free to move in any d irec

tion , is equa l to the

strength of tha t pole mu l

t ipl ied by the total imten F128. 1 7 4 M agnetic

si ty of the earth ’s field a t

tha t place ; or , i f free to move in a hor izon tal
d irection only , is equa l to the intensity of the

earth ’s hor izon ta l componen t of magnetism at

tha t place, mu ltipl ied by the s trength of tha t pole.

T he efl
'

ective power or momen t of a magnetic
couple is equa l to the force exerted on one of the

poles mul tiplied by the perpendicular distance,
PQ , between their direc tions .

Coupl e, M oment of

pow er or force of a couple.

T he momen t of a couple i s equa l to the intou
s i ty of one of the forces mu ltiplied by the perpen
d icular distance between the direction of the

forces .

Coupl e, Thermo-El ectr i c Two dis

s imilar meta ls w h ich , w hen connected a t their
ends on ly, so a s to form a comp leted electric
c ircuit , w ill produce a difference of potent ial ,
and hence an electric current , w hen one of the
ends is heated more than the other.

Thus i f a bar of bismuth be soldered to a bar
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-of antimony the combination wi ll form a thermo
-electr ic couple, and the c ircu i t so formed w il l
have a curren t passing through it when one junc
tion i s hotter or colder than the other .

There is, accord ing to Lodge, a true con tac t
force , a t a thermo-electr ic junction , as is shown by
the revers ible hea t efl

’

ects produced when an

e lec tr ic curren t is passed across such jun ction ; for ,
in one direc tion more heat i s produced , and in the
O pposite direc tion less hea t. This, as i s wel l
.
known , differs from the irreversible hea t produced

“ by a curren t through a homogeneous meta l lic
conductor. T he revers ible heat effects , or as they
are ca lled the Pel tier eff ects

,
may overpower and

concea l the hea t ing effects . B ut, in addition to
these effects , s ince a difference of poten tial , called
a T lzomson efi

'

ect , exists in a substance unequa lly
hea ted , curren ts are so produced , and these a re

a lso in fluen tial in causing the difference of poten
tial of a thermo-electr ic couple .

There are then , ” says Lodge, “ in a s imple
c ir cu i t of two meta ls w i th their junctions a t differ
ent tempera tures , a l together four E. M . Fs .

, one

i n each metal , from hot to cold, or v i ce v er sa , and
one at each junction , and the curren twhich flows
around such a circuit is propel led by the resultan t
O f these four .

” These four forces
,

two Thomson forces in the metals , and twoPel tier
forces at the ir juncti ons, may some of them help
and some h inder the curren t . ” “ When
e ver they help , the local ity i s to that exten t cooled ;
-whenever they hinder, i t i s to tha t exten t
w armed .

”

T he action of a thermo-elec tr ic couple in pro
.ducing a difference Of poten tia l i s therefore a

c omplica ted one, and depends on Pel tier and

T homson efi ects , as wel l a s on the tli ermo-electr ic
e ffect. (See Ej ect , Pel ti er . Ej ect , Tf wmson .

.Ej
’

ect , Tkemna-E lectr i c.)

Coupl e, Vol ta ic T wo ma teria ls ,
'

u sual ly two d iss imilar meta ls , capable of

ac ting as an elec tric source w hen d ipped in
an elec trolyte, or capable of produc ing a

difference of electric potential by mere con

tact .
Liquids and gases are capable of a cting as

v oltaic couples .

Al l voltai c cells have two meta ls , or a meta l and
.a metal lo id , or two gaseous or liqu id substances
w hich are Of such a character tha t, when dipped

’ i nto the exciting flu id one on ly i s chemica lly
a cted on.

Each one of these two subs tances is ca l led an

element of the ce l l, and the two taken collectively
form a vol ta i c coup le.

T he e lemen ts of a voltaic couple may con s ist of
two gases or two liquids . (See B a ttery ,

Ga s . )

Coupl ed Cel l s—(See Cel ls , Coupled.)

Coupl er , Vol ta ic —Any device by
means of w hich vol ta ic cel ls may be readily
coupled or connec ted in differen t forms O f

c ircuits . (See Ci rcui ts , Va r i eti es of .)

Coupl ing of Vol taic Cel l s or O ther

El ectr ic Sources—A . term indica ting the

manner in w hich a number of separa te
electric sources may be connected so as to

form a s ingle source. (See Ci r cui ts , Va r ie
t i es of .)

Cramp, Tel egrapher
’
s —Aa affec

t ion Of the hand of a telegrapher due to im

modera te and exces s ive use of the same

muscles , somew ha t s imilar to the disease

known as w ri ter’s cramp .

Telegrapher
’
s cramp , l ike w r iter’s cramp ,

may
be defined as a professiona l neurosis of co-ordina
tion. It appears not only in certa in groups of
muscles , but is l imi ted to such groups , on ly when
they are performing cer ta in complica ted Opera
tions . For examp le, telegrapher

’
s cramp i s

prac tica lly a paralysis of certain musc les of the

hand and wr is t of the opera tor . These muscles ,
w hen ca lled on to per form the somewha t del ica te
movemen ts requ ired in sending a telegraphic d is
pa tch , are incapable Of performing their proper
function s

,
but when cal le l on to perform in par t

other s imilar acti ons, provided a l l these act ions
a re not requi red to be used , appear to be uh

a ffected .

The ab ility o f th e operator to send w ith e ither
hand w ou ld lessen the liability to thi s disease .

Crater i n Posi ti ve Carbon .
—Adepress ion

at the end of the pos i tive carbon Of an arc

lamp w h ich appears w hen a volta ic arc is

formed . (SeeArc, Val ta i c.)

Creep, Di ffusion —T he flow of an

electric curren t in port ion s of a conduct ing
subs tance, outs ide the parts tha t l ie in the

d irec t l ines betw een the points w here the

termina ls of the same are app lied to the con
duc ting subs tance.
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Creep ing , El ectr i c —Aterm some

t imes appl ied to the creep ing of a curren t;

(See Cur r en t , Cr eep i ng of .)
Creep i ng i n Vol tai c Cel l .

—(See Cel l , Vol
ta i c, Cr eep ing i n .)
Creeping of Curr ent—(See Cur r en t ,

Cr eep i ng of , Electr i c.)
Creep ing, Sal i ne

—T he forma t ion
of sal ts by efflorescence on the wa lls of a sol id

immersed in a solution Of a sa l t.

Creosoti ng .
—A process employed for the

preserva t ion Of w ood , as , for example, tele

graph poles , by inject ing creosote in to the

pores of the wood. (See Pole, Teleg r apni c .)

Cr i th .
—Aterm proposed by A. W . Hoff

man , as a uni t of w eight , or the weight of

one l itre, or cubic decimetre , of hydrogen at

0° C . and 760mm. barometric pres sure.

Cr i ti cal Current. (See Cur r en t , Cr i t
i ca l .)
Cr i ti cal Current of a Dynamo.

-(See

Cur r ent , Cr i t i ca l , of a Dy namo.)

Cr i ti ca l Di stance of Lateral Di scharge

through Al ternat i ve Path .
—(See D i stance,

Cr i t i ca l , of L a ter a l D i sclta rg e tfi r oug lc

a n Al ter na t i v e Pa t/z.)

Cr i ti cal Speed of Compound-Wound Dy

namo.
—(See Speed , Cr i t i ca l , of Compound

Wound Dy namo.)
Crookes’Dark .Space.—(See Spa ce, D a r /e,

C

Crook es
’ El ectr i c Radiometer .

- (See Ra

d i ameter , E lectr i c , C

Cross Arum—(SeeArm, Cr oss .)

Cross-Connect i ng B oard.
—(See B oa r d ,

Cr oss Conn ect i ng .)
Cross, El ectr ic -Aconnec t ion , gen

era lly meta l l ic , acc iden ta l ly es tab l ished be
tween two conduc t ing l ines .

Adefec t in a telegraph , telephone or other
c ircuit caused by two w ires coming into

contac t by cross ing each other.

A“

sw ing ing or in termi t ten t cr oss i s caused by
w ires, which a re too slack , being occa s ionaly
blown into con tact b y the W i nd .

1 32 [Cl
'

Oh

Aw ea tner cross arises from defective act ion 0!

the insulators in wet weather.

Cross, Swinging or Intermi ttent
An acc iden ta l con tact , generally meta ll ic ,
caused by w ires being brought in to occas ional
con tac t w i th one another, or w ith some other
conductor, by the in termi tten t action of the:

w ind.

Cross, Weather —A con tac t or leak
occurring in a telegraphic or o ther l ine dur
ing w et w ea ther, from the defec tive ac tion of

the insula tors .

Crossing Cl ean—(See Clea t , Cr oss i ng .)

Crossi ng, Li ve-Trol l ey —A dev ice:
w hereby a trol ley moving over a l ine that .

crosses a second l ine at an angle is enabled

to main ta in its elec trical connection w i th the
l ine w hi le cross ing .

Alive-trolley crossing is necessitated where one
l ine Of e lec tr ic ra i lway crosses another . T he :

upper l ine must, Of cour se , provide a space or

open ing for crossing the low er line a t the poin ts
of in tersection . This is efl

'

ected in the B agnall
’

:

l ive-trol ley crossing, shown in Fig . 1 75 , by a ttach

Fzg. I 7 5 . L ive Trol ley Cr oss ing .

ing to the upper trolley w ire a br idge piece of

l ight la the cas ting, provided at i ts cen tre w i th a

gap through which the trolley w ire passes . This
bridge piece i s insu la ted from the trolley w ire by
mean s of a disc Of in sula ting ma ter ia l a t the cen

tre Of the br idge, which i s provided w i th a h inged?
curved lever , tha t in i ts norma l posi tion rests un
der the influence of gravity in the pos i tion shown:
i n the figure . T he passage of the trolley w heel
a long the w ire carries th e line under i t and thus
bridges the gap , as shown by the pos ition of the .

dotted lines .

Crossi ng Wi res—(See Wi r es , Cr oss i ng .)

Cross-Over B l ock—(See B lock ,

O v er .)

Cross-O ver , Trol l ey —Adevice by
;

means Of which a trol ley is enabled to pas s
over the points where d ifferen t l ines cross one;
another w ithout serious interrup t ion .
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1 hen final ly another in the same d irect ion
before connecting w i th the ground .

T he eflect of the third charge i s to reduce the

poten ti a l of the line more nearly to zero a t the

end of the s ignal .

Curb, Singl e
—A device for in

c reas ing the speed Of s ignal ing telegraph ic
a l ly by ridding the l ine of its previous charge

'

by sending a reversed curren t through it be
fore connecting w i th the ground.

In single-curb s ignal ing the Operator in d is

c harging the l ine before sending another s igna l
through it, before pu tting the l ine to earth , re
verses the battery , and then connects to earth .

Current ,Absol ute Un i t of -Acur

rent oi 10 amperes . (SeeAmper e. Un i ts ,

Pr a ct i ca l .)
A current of such a strength that w hen

passed through a c ircui t O f a cent imetre in
l ength ben t in the form of an a rc of a circle

o ne cent imetre .in radius , w i l l act w ith the

force of a dyne on a magnet ic pole Of uni t
s trength, placed at the cen tre O f the arc.

T he ampere, the practica l un i t of curren t, i s
”

but
1
1
3
the va lue of the absolute un i t of curren t.

Current, Action of, on a M agnet ic Pol e

—An at traction or repuls ion depend
»ent on the name Of the pole and the d irect ion
-O i the current.
T wo currents of electricity attract or repel each

o ther according to the direction in w hich they
a re flow ing, and the mutual positions of their
c ircu its . Acurren t and a magnetic pole exer t an
action on each other which , strictly speaking , i s
neither a ttraction nor repulsion , but which is ro
tation , tha t may , however , be regarded as be ing
produced by the combined action Of a ttraction
and repu ls ion .

Curr ent, Al ternat ing A curren t
w h ich flow s a lternately in Oppos ite direct ions .

A curren t w hose direct ion is rap id ly re

v ersed.

T he non-commuted curren ts genera ted by the
d ifferences of poten tia l in the armature Of a

dynamo-elec tr ic machine are a ltern a ting or

s imple per iod ic-curren ts .

In a characteristic curve of the electromotive
f orces Of a lterna ting curren ts , positive elec tro
motive forces , or those tha t would produce cur

[Cum

rents
'

in a certa in direction , are indicated by
values abov e a hor izonta l l ine, and negative elec
tromotive forces , by va lues below the l ine.

The curvesAB C , and C D E, Fig. 1 77, are

Fig . 1 7 7 . Curve of Electromot ive For ces of Al terna t i ng
Cu r rents .

often ca l led pha ses , and represen t the a lternate
phases of the curren t.

Current, Al ternat i ve —A vol taic .

a l terna tive. (SeeAl terna t i ves , Volta i c .)

Current, Assumed Di rect ion of Fl ow

of —T he direction the curren t is as

sumed to take, i . e. , from the pos it ive pole of

the source through the c ircuit to the nega tive
pole of the source.

T he elec tricity is assumed to come out of the

source at i ts pos i tive pole , and to return or flow

back into the source a t i ts nega ti ve pole . This
conven tion as to the direc tion of the elec tr ic cur
rent i s in accordance w i th the assumption of the

direction of flow of lines of magnetic forces .
T he old idea

'

of a dual or double current flow ing
i n Opposite direction s i s sti l l ma in tained by some .

(See For ce, Li nes of , D i r ecti on of . )

Current , Ax i al -In elec tro-t hera

peutics a curren t flow ing in a nerve in the

Oppos i te d irec t ion to the norma l impulse in
the nerve.

Current. B reak-Induced -T he cur

rent induced by a curren t in its own , or in

another c ircuit , on breaking or Open ing the
same.

T he curren t induced in the s econdary on
the breaking of the primary circui t.
T he break-induced curren t set up by a current

in i ts own c ircu it i s sometimes ca lled the di rect
i nd

’
uced

’
curren t.

Lord Rayle igh has shown tha t w ithin certa in
l imi ts the break-induced curren t has a grea ter
effect in magnetizing steel needles, the smal ler
the number of turn s of w ire in the secondary . In
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the case of a galvanometer , i t i s wel l known tha t
the oppos ite is true. T he deflecti on of the ga l

vanometer needle depends on the strength of the

w hole current . T he magnetizing power depends ,
for the greater part, on the strength of the cur

ren t at the beginn ing of i ts forma tion .

Current, Cl osed-Ci rcul ar —A cur

r en t flow ing in a circular c ircuit.

Asmal l closed ~ circular curren tmay be replaced
'magnetical ly by a thin disc of steel , magneti zed in
.a direction perpendicular to its face, and the edge
o f which corresponds to the edge of the c ircular
c onductor .

Curren toCommuter . (See Commuter .

Cur r ent .)

Current. Conduction T he curren t
t ha t passes through a meta l l i c or other con
d uct ing subs tance,

a s con tradist inguished
from a current produced i n a non-conductor
o r d ielectric. (See Cur r en t , D i spla cemen t . )

Curren t, Constant
—Acurren t tha t

c ont inues to flow in the same d irect ion for
.some t ime w ithout va ry ing in s trength .

This term i s sometimes u sed to mean a con

t inuous or direc t cu rren t i n con trad i st i nction to
an a l tern at ing curren t, but i t ought to be appl ied
only to unvary i ng curren ts . Such ,

for example as

a con stan t current of l o amperes .

Current. Cont inuous —An electric
c urrent w h ich flows in one and the same

d irection

Al though the term con tinuous curren t i s used
.as synonymous W i th con stan t curren t, it i s not

e n tire ly so ; a con tinuous curren t flow s con s tan tly
in the same direc tion A constan t Cur ren t not
only flow s con tinuou sly in the same directi on , bu t

ma in ta ins an approx ima tely con stan t curren t
s trength
T his term con tinuous curren t i s u sed in th e

o ppos ite sense to a l ternating curren t , and in the

.same sense as a direc t curren t .

Current , Creeping of El ectr ic
Achange in the d irec t ion of pa th of a curren t
from the direc t l ine betw een the poin ts of

connec t ion w ith the source.

When the terminals of any electric source a re

p laced in con tac t w i th any two p oints of a meta ll ic
s hee t of conducting ma teria l , the flow of the cur

ren t i s not confined to the direct l ine between the

[Gun

poin ts of con tact, but creeps or diffuses into por
tions of the conducting pla te surrounding this
direc t l ine. (See Cur r en t , D iflus ion of . )
In a somewha t s imilar manner , the curren t

i s sa id to creep , or to establish a pa r tia l short
c ircu it around the poles of a poorly insula ted
vol ta ic battery , or other e lectr ic source.

Current, Cr i tical

—T he current at which a

certa in resul t is reached .

Current, Cr i tical , of a

Dynamo —Tha t va lue
of the curren t a t w hich the
characteris tic curve beg ins
to depart from a nearly
s tra ight line . (Si lv a nus fi g 1 78. Cr i t i ca l

P. Tfiomjrson .) Curv e of Dy namo

Cur r ent
In Fig. 1 78 the cr i tical

curren t i s shown in three differen t cases , as oc

curr ing where the dotted ver tica l line cuts the
characteristic curves.
T he speed at wh i ch a series dynamo exci tes

i tself i s often cal led the cr i t i ca l speed .

Current , Demarcat ion —A term
somet imes app l ied to an electric current ob

ta ined from an injured mus cle.

Every injury Of a muscle or nerve causes at

the pomt of i n jury a dying sur face , which behaves
negatively to the pos itive intac t substance.

”

La ndois 69° St i r l ing . )

Current Densi ty—T he curren t of elec ~

tric ity w h ich passes in any part of a c ircui t a s
compared w ith the area of cros s-sec tion of

tha t part of the circuit .
In a dynamo electric machine the curren t den

s i ty in the arma ture w ire should not, according to
Silvanus P. Thompson , exceed 2, 500 amperes
per square inch of area of transverse sec tion of

conductor .

T he curren t density in a dynamo w ire, of

necess ity depends
_

on the sectiona l area of the

coi ls . If, for example, a cur ren t of 50 amperes
be safe in an arma ture section of eight turns i t
may be sa fely increased to t oo amperes i f the
conductors are cross-sectioned so as to make but
four turns . Urquha r t . )
In elec tro pla ting , for every defin ite curren t

s trength tha t passes through the ba th, or in o ther
words , for a defin ite number of coulombs, a

defini te weight of meta l i s deposi ted , the charac
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ter of which depends on the curren t densi ty . The

character of an e lectroly tic depos it w ill therefore
depend on the cur r ent dens i ty a t tha t par t of the
circu it:where the deposit occurs.
T he follow ing table from Urquhar t gives the

practica l working va lue for the curren t dens ity
for electro-meta llurg ica l depos its

CURRENT DENSIT Y (O R AM PERES ON

CATHODE).

Solution of

Copper, acid
Copper, cyan ide ba th
Silver , double Cyan ide
Gold, chl or ide in cyan ide
Nickel , double su lpha te
B rass, cyan ide

Current, Di acri ti cal —Such a

s trength of the magnet iz ing curren t a s pro
duces a magnetiza tion of an iron core equa l
to ha lf-sa tura tion.

The diacri tical current i s the curren t which ,
flow ing through the dia cri ti ca l number of ampere
tur ns

,
w i ll br ing up the magnetism produced to

hal f-saturation .

T he diacr itica l number of ampere-turn s i s such
a number of ampere-turns as w ou ld reduce the

magnetic permeability to ha lf i ts fu ll va lue.

Current, Di ffusion of —Aterm em

ployed to des igna te the difference in the

dens ity of curren t in differen t port ions of a

conductor. (See Cur r en t . Cr eep i ng of , E lec

tr i c.)

Current, Di ffus ion of El ectro-Therapon
t ic —T he difference in the dens ity of

curren t in different portions of the human

body between the elec tro-therapeut ic elec

trodes .
Wh en the electrodes are placed a t any two

given poin ts of the human body
, the cur ren t

branches through various paths, extending in a

general direction from one e lectrode to the other
,

according to the law of branched or derived cir
cu its, and flow ing in grea ter amoun t, or w ith
greater dens ity of curren t, through the rela tively
better conducting pa ths . (See Cur ren t D ens i ty .)
Thi s is sometimes ca lled the creeping of the

curren t. (See Curren t , Creep ing of . )

Curren t, Di rect —A curren t con

[Curt

—T he ra te

s tant in direct ion , as dis t inguished from an

a l terna t ing curren t.
Acon t inuous curren t.

Current, Di rect-Induced T he cur

ren t induced in a c ircu it by induc t ion on it

self, or self-induc tion , on breaking or Op en ing
the c ircu it . (See Cur r en ts , Ex tr a .)
This is ca lled the direct-induced curren t because

i ts direction i s in the same direction as the induc
ing curren t.

Curren t, Direction of T he direc

t ion an electric curren t is as sumed to take
out from one pole of any source through the

c ircui t and its tran s la ting devices back to the:
source through its other pole.

Convention a lly , the curren t i s assumed to come

ou t from the pos itive pole of the source and to go

back to the sou rce at the nega tive pole .

Current, Di spl acemen t

of change of electric disp lacemen t .
Abrief conduction current produced in a

dielec tric by an electric disp lacemen t . (See

D i sp la cemen t , E lectr i c.)
This i s ca lled a displacemen t curren t in order

to distingu ish it from a condu ction cu rren t in any

conductor .

T he displacemen t curren t con tinues whi le the

displacemen t of electricity i s going on . D is

placemen t curren ts have al l the proper t ies of con
duction curren ts , and

,
l ike the la tter , produce a

magne tic field ; in fact, they resemble extremely
br ief conduction currents .

T he difference between conducting substances
and dielectr ics , lies in the fact tha t the conducting
s ubstances do not possess an elastic force, en

abling them to resist elec tric displacemen t. In

other w ords , conducting substances possess no

el ectr i c ela s ti ci ty , and can have no true displace
men t curren t established in them. (See E l a st i

ci ty , E l ectr i c . )
Adisplacemen t curren t, like a conduction cur

ren t, possesses a magnetic field , or i s enc ircled by
'

l ines of magn eti c force . (See Fiel d, M agnet i c, of
a n E l ectr i c Cur r ent . )

Current, El ectr ic T he quan ti ty of
electric ity wh ich passes per second through
any conduc tor or c ircu it.
T he ra te at w hich a defin ite quan t ity of elec

tric ity passes or flow s through a conductor or
c ircuit .
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and according to wha t laws ? B r iefly sta ted, the
tendency of recen t v iews i s tha t this energy i s
conveyed thr ough the electro-magnetic medium
or ether , and tha t the function of the w ire is to
loca lize the direction or to concentra te the flow in
a. particular path, and thus provide a s ink or place
in which the energy can be dissipa ted .

Taking aga in , for instance, the case of the dis

charge of a condenser by a conductor . He says
"Before the discha rge w e know tha t the energy
resides in the dielectr ic, between the conducting
plates . If these pla tes are connec ted by a w ire,
according to these v iew s , the energy i s transferred
outw ards a long the electros ta tic , equ ipotentia l sur
faces, and moves on to the w ire and i s there con
verted in to hea t. According to this v iew w e

mus t suppose the lines of elec trosta tic induction ,

runn ing from pla te to pla te, to move ou twards, as
the dielectric stra in lessens , and while sti l l keep
ing their ends on the plates , to finall y converge
in on the w ire and be t here broken up and the i r
energy dissipa ted as heat .

”

In other words, some of the energy of the ex

panding li nes of induction i s changed into mag .

netic energy ; this energy i s con ta ined in r ing
shaped tubes of force , which expand ou twards
from between the pla tes and then contract on

some o ther part of the conductor .

T he time o f the discharge, then , cons is ts of the
follow ing steps, v iz . :

T he time during which the energy of the

charge i s n early a l l e lectrostatic and i s repre

sented by the energy con ta ined in the li nes or

tubes of electros tatic induc tion , runn ing from
plate to pla te of the condenser .

T he time during which the discharge is at
i ts max imum and the energy cons ists of two parts ,
viz energy assoc ia ted w ith the ou tw ard ex

panding l ines ofelectrostatic induc tion , and energy
assoc ia ted w ith the c losed lin es or tubes of mag
netic force, which at fi rst are expanding and a fter
wards con tracting.

T he time when the energy has been ab

sorbed , or the per iod in which the energy i n the
wire or theconductor has e ither been diss ipa ted
in the form of non -luminous r ad ia tion or obscure
hea t.

T he time during which this non-luminous
hea t gives up i ts energy aga in to the surrounding
medium in the shape of hea t waves .

Cur rent, El ectro-Therapeut ic Pol ar iz ing
-T he current which p roduces the
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phenomena of electrotonus . (See Electro
tonus .)

Current, El ement of —A term
employed in ma thema t ica l discuss ions to in

d icate a very sma l l pa rt o f a curren t for ea se
in cons idering its a c tion on a magnetic needle
or other s imi lar body .

Current, Faradic —In elec tro
therapeutics , the curren t produced by an in
duc tion coi l , or by a magneto-electric mach ine.

A rapid ly a l terna t ing current , a s d is tin

guished from a uniform vol taic curren t.
Avol ta ic curren t tha t is rapidly a l terna ted by

means of any su itable k ey or sw itch i s sometimes
ca lled a v ol ta i c a l ter na t i v e. T he discharge from
a Hol tz machine is sometimes ca lled a Frankl in i c

Cur r en t . (See Al terna t ives , Vol ta i c. Curr ent ,

Fr ankl in i c .)

Curren t Fi l aments. (See F i lament ,

Cur r en t .)

Current, Frank l i n ic Aterm some

t imes used in elec tro-therapeutics for a cur

ren t produced by the ac t ion of a fric t ional
electric machine.

T he term,
Franklin ic curren t, is u sed in con

tradistinction to Faradic curren t, or tha t produced
by induction coi ls, or , in con tradist inction to a

ga lvan ic or volta ic curren t, or tha t p roduced by
a volta ic ba ttery .

Current, Generat ion of, by Dynamo-El ec
t r ic M ach i ne —T he d ifference of

poten tia l developed in the arma ture coi ls
by the cutt ing of the l ines of magnetic
force of the field by the coils , during the rota
t ion of the arma ture.

If a loop of w ire whose ends a re connected to
the two-par t commuta tor, shown in Fig . 1 79, be

Fig . 1 79. Induct ion z
'

n Arma ture Loop .

rota ted in the magneti c field between themagnet

poles N and S, in the direction of the large arrow ,

differences of potentia l w ill be generated w hich
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w ill cause currents to flow in the direction indi
cated by the smal l arrow s during i ts motion pas t
the north pole from the top to the bottom, but in the

opposite direction during i ts motion pas t the south
pole—from the bottom to the t0p . If, now , col

leeting brushes rest on the commuta tor in the

posi tion s shown in the Fig. 180. the vertica l l ine

Fig . 1 80. Act ion of Commuta tor .

of the gap between the poles corresponding w i th
the vertica l gap between the commu ta tor seg

'

men ts , the currents genera ted in the loop w il l be
caused to flow in one and the same direction , and

B
'

, w il l become the pos i tive brush , s ince the end

of the loop i s connected w ith i t on ly so long as i t

i s positive. As soon as i t becomes nega tive, from
the curren t in the loop flow ing in the Oppos ite
direc tion

,
the other end ,

which is then pos itive,
is connected w i th the pos it ive brush .

As imilar series o f changes occur a t the nega .

ti ve brush B .

Theoretica lly , the neutra l points, w here the

brushes rest, would be in the vertica l l ine coincid

ing w i th that o f the gap betw een the poles , An
inspection of the figure shows tha t the ne utr a l

l i ne, or the di ameter of commuta t ion , i s d is

placed in the direc tion of rota tion . ( See Com/nu

ta tion
,
D i ameter of . ) T he displacemen t of the

brushes , so necessi ta ted , is cal led the l ea d .

T he cause of the lead is the reaction tha t occurs
between the magnetic poles of the field magne ts

and those of the armature , the resul t o f which i s
to displace the field magnet po les , and to cause a
change in the den s ity in the fi eld. This 13 shown
in Fig , 181 , where the density of the lines o f force
indica tes the position of the diameter of commu

tation as being near, or at right angles to the di
ameter of grea tes t average magnetic den si ty . .

(See Lea d , Ang l e of . Lag , Ang l e of . )

Current-Governor .
—(See Gov er nor , Cur

r ent .)

Current, Homogeneous Di str ibut ion of
—Such a dis tribut ion of a current through

any conduc tor in w hich there is an equa l
dens ity of curren t at a l l port ions of any
cros s-sec t ion of the conduc tor.

When the flow of a constan t cu rrent is es tab
l ished in a sol id conducting w ire, there is a

homogeneous distribution of curren t in tha t con .

ductor .

Current , Induced —T he curren t
produced in a conductor by cut t ing l ines of

force.

T he induced curren t resul ts from d ifi
'

erences of

poten tia l produced by electro-dynamic induction .

(See Induct ion , E l ectr a-Dy nami c . )

Curreut Induct ion . (See Induct ion ,

Cur r en t .)
Current, Intensi ty of —An old

term somet imes employed to ind ica te the

curren t w h ich resul ted from a cons iderable
d ifference of potent ial , or a grea t elec tromot ive
force .

This term was a lso formerly used as synony

mous w ith strength of curren t.
This use of the term i s now abandoned .

Volta ic ba tter i es , connec ted in series so as to

g ive a cons iderable d ifference of potenti a l
,
w ere

spoken of as be ing connec ted for i n tens i ty .

Th i s term has also been used for the quanti ty
of electr icity conveyed per second across a un it
a rea of cross -section .

In tens ity of curren t i s more properly ca lled
den s ity of current. (See Cur ren t Dens i ty . )

Current, Inter mi tten t —A current

t ha t does not flow cont inua lly , but w h ich flow s
and cea ses to flow a t interva ls , so tha t elec
tricity is prac t ica l ly a lterna tely present and
absen t from the C i rcuit .

Current, Inverse-Secondary —T he
make-induced current . (See Cur r ent M a t e

I nduced .)

Current ,
Jacob 1 s Un i t of Such

a curren t tha t w hen pas sed through a volta
meter w il l l iberate a cub ic cent imetre of
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o xygen and hydrogen at 0 degrees C . and

760mm. barometric pres sure.

O ne Jacobi’s un it of curren t equa ls

ampere. (O bsolete )

Current , M ake-Induced —T he
curren t induced by a curren t in its own circuit
on making or c los ing the same.

T he curren t produced in the secondary of

an 1nduct ion coil on the making or com

plet ion of the c ircuit of the primary .

T he make-induced curren t i s a lso ca lled the

inverse-secondary current , because i ts d i rect1on

i s opposite to tha t o f the inducmg current .

Current, M ake or B reak Induced , Dura

t ion of —T he t ime during w h ich the

induced inverse or d irec t-secondary curren ts
c on tinue .

B laserna made a number of ex per1men ts , which
he cla ims show s

T he grea ter the distance apart of the pri .

mary and the secondary , tha t IS, the less their
mutual-induction , the less the max 1mum value of

the secondary curren t, and the greater the delay
i n establishing tha t maximum .

T he delay in establish i ng the max imum of

the break or direct-seconda ry cu rren t i s not as

great as in the case of the make , or 1nverse . sec

ondary current.
When the coi ls are near together , the in .

d uced currents at sta rting are es tabl 1shed by a

ser ies of electric osc illa tions .

T he primary curren t establishes i tself by a

ser ies of electrica l oscillati ons .

Tha t the mterpos ition of d l electn c sub

s tances , such as g lass between the rod s , r educes
the time between the mak i ng or break ing of the

primary current and the beg i nnmg of the sec

ondary curren t. This la s t conclusmn was nega
'

tived by some experiments of B ernste in .

B laserna determi ned i n the ca s e o f certa in ex

perimen ts the follow ing value for the dura tion s of
the secondary cu rrents
Inverse-secondary curren t lasts 00048; second .

Direct s econdary curren t la sts .00027 ; second .

Helmhol tz con trad1cts the resu lts of B laserna
,

and asserts :
Tha t no perceptible difference in the zero

po in ts of th e curren ts 1 5 produced by vary i ng
the distance between the primary and secondary .

(2 That the sparks produced by the break ing

[Cur.

of the primary las t for an appreciable time , some
thing l ike r ain to

zation of a second .

T he dura tion of the break-spa rk i s never
constan t, but depends in grea t par t on the amoun t
of platinum g iven off from the con tac ts a t each
spark .

Current-M eter .
—Aform of ga lvanometer.

(See Ga lv anometer .)

Current, M omen tary —A current
tha t con tinues to

.

flow but for a short t ime .

Curren t, M ul t i ‘Phase A rotatmg
curren t . (See Cur r en t , Rota t ing .)

Current , M usc le In elec tro-thera

peut 1cs , the current flowmg th rough a musc le .

M usc le currents are produced e i ther by st1mu .

l anon
,
or dur ing ac t 1v 1ty of a musc le . Accordmg

to L . Hermann ,
un injured musc les , or perfec tly

dead musc les , yield no currents , but such cur .

ren ts result on ly from an 1njury . (See Cur ren t ,
D emar ca tion

Current, Nou-Homogeneous Di str ibution
of —Such a d is tribut ion of curren t pass
i ng through a conduc tor i n wh1ch there is an

unequal densny of curren t at a ll port ions of
any cros s

-sec t ion of the conduc tor.

-\Vhen a rapi dly a lterna ting curren t i s passed
through any sol id conductor , the curren t dens1ty
1 3 grea ter a t the surface and less towards the
centre . T he current d i stribu tion in such a con

ductor i s non h omogeneous , and the w an t o f un i .

form i ty of current dens i ty i s g reater as the rapid .

i ty of alternation or period ic1ty is grea ter .

Current , Outgoi ng -T he curren t
sent out over the l ine from a s ta tion prov ided
w ith a duple r or quadrup lex transmi ss ion , as

d i s t inguished from the received current. (See
Ca r rent . Recei ved .)

Cu r r e n t , Per iodic —A s imp le
period ic current . (See Cur r en t s, S imp le

Per i odi c .)

Current , Per iod ic, Power of —An
amoun t of work, per second , equal to the

produc t of the e lectromotwe force taken at

success rve momen ts of t ime durmg a com ~

plete cycle , mul tipl1ed by the current s trength
taken at the corresponding moments during
the cyc le.

Since the e lectromotive force and cur ren t in
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izes theeffects of the current B '

; or, i t is equal to
i t in eflect.

Fig . 1 82 . Reot i lx
’

nea r Equiva lent of Si nuous Curr ent .

In calcula ting the effects of sinuous curren ts i t
is convenient to consider them as consisting of a

Fig . 1 83 . Sinuous Currents .

succession of short, straight portions at right an

gles to one another, as shown in Fi g. 183 .

Current, Steady -A curren t w hose
s trength does not vary from t ime to time.

In a steady curren t the quan ti ty of electrici ty
flow ing through each un it of area of the equi
potentia l sur face of the conductor i s the same for
each succeeding in terva l ot

'

time. Such a curren t
i s sometimes called a un i/ormty di str iouted cur

ren t

Current Streaml eta—(See Streamlets ,

Cur rent .)
Current Strength .

—T he product obta ined
by d iv id ing the elec tromotive force by the

resistance.

T he current strength for a. cons tan t curren t
according to O hm

’
s law is

E

R

[Cur.
~

Curren t strength is proportiona l to the amount
of the magnetic or chemica l (electrolytic) effec ts
i t is capable of producing.

For a s imple-periodic curren t, the current

strength necessarily varies from time to time.

T he average curren t s trength of a s imple
periodic current is equa l to the average impressed
electromotive force di vided by the impedance.

(See Impeda nce. )
T he maximum curren t s trength i s equa l to the

maximum impressed electromotive force divided
by the impedance.

Current , to T ransform a —T o
change the electromotive force of a current

by its passage through a converter or trans f

former.

T o convert a current.
Current, Tr ansformi ng a —Chang

ing the electromotive force of a current by its

passage through a converter or transformer.

Current , Undul at ing An undu

latory curren t . (See Cur r en ts , Undula tory .)
Current , Un i forml y-Di str i buted

A term sometimes employed in the same

sense as s teady curren t . (See Cur rent ,

Steady .)
Current, Un i t Strength of —Such

a strength of curren t tha t when passed
through a circuit one cent imetre in length , .

arranged in an are one cent imetre in rad ius ,
w ill exert a force of one dyne on a uni t mag

net pole placed at the cen tre.

This absolu te un it is equa l to ten amperes or
'

practica l un its of current. (SeeAmper e . )

Current , Var i abl e Period of

T he period wh ich ex is ts w hile an e lectric :

current is being increased or decreased in
s trengt h , or while it is being reversed .

Currents,Act ion Phys iologica l cur
ren ts obta ined during the act iv i ty of a muscle
or nerve .

Currents, After —In electro-thera

peut ics , currents produced in nervous or
‘

muscular t issue w hen a cons tant current,
w h ich has been flow ing through the same, .

has been s topped .

After currents are due to interna l polari zation .

Currents, Al ternat ing-Pr imary
T he currents employed in the primary of a,
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transformer to induce a l terna t ing currents in T he idea of componen t cu rren ts is based O n the

the secondary. (See Tr a nsformer .) s imilar i dea of the componen ts of any single
force

Currents,Al ternati ng-Secondary
T he currents induced in the s econdary of a

trans former by the a l ternat ing currents in the
primary. (See T r ansf ormer .)

Currents, Al ternat ing, Sh i ft ing of Phase

of —(See P/za se, S/zif t i ng of , of Al ter
na t i ng Cur r en ts .)

Currents, Amper ian —T he elec tric
curren ts tha t a re as sumed in the amperian
theory of magnet ism to flow around the mole»

cules of a magnet . (See M ag net i sm,Ampér e
'

s

I ncory of .)
The amperian currents are to be d istingu ished

from
. the eddy ,

f oucau l t , or pa r as i t i ca / cur r ents .

since, un l ike them, they are. d irec ted so a s to pro

duce useful eflec ts . (See Cur r ents , fi ddy
It i s not bel ieved that the amper ian curren ts

are produced in magnetizable substances by the
act of magne tiz a tion . T he atoms or molecules
were magnetic origina lly . Al l the magnetizing
force does i s to a rrange the molecules or a toms ,

or to set them in one and the same direction .

Currents. Angul ar Curren ts flow
ing through c ircuits that cros s or a re inclined
to one another at any angle . (SeeDy nami cs .

E lectr a .)

Currents . Atomic -A term some

t imes used instead oi molecular or amperian
curren ts . (See Cur r en ts Amper i an . )

Currents , Attract ions and Repul s ions
of —T he mutua l a ttract ions or repul

s ions exerted by curren t s on
.
one another

through the interac t ion of their magnet ic
fields . (See Dy nami cs , E lectro.)

Currents, Commi tted -Electric cur

ren ts tha t have been caused to flow in one

and the same d irec tion . (See Commuta tor .)

Currents, Commut ing
—Caus ing

severa l curren ts to flow in one and the same

d irec t ion .

Currents, Component —T he two or

more currents in to wh ich it may be conceived
that a s ingle current can be divided , so as

to produce the s ame effec ts of a ttra ction or

repul s ion tha t the s ingle curren t would do.

Currents , Cont inui ty of T he

freedom from variation in current s trength or

curren t d irection.

Currents, Convection —Currents
produced by the bodily carrying forwa rd of

s ta tic charges in convec t ion s treams . (See
Str eams , Convect i on .)
In a convection curren t, the sta ti c charge is

bodily carr ied forward.

Row land has shown experimen tal ly tha t a

moving electr ic charge is the equivalen t of an

electric curren t . He rotated a gilded ebon ite
disc between two gil t glass discs , near which
were placed a number of del ica te magnetic
needles . W li en certa in rapidity of rotation w as
obta ined . the discs were found to aflect the mag
netic needles the same as would a curren t of elec
tricity flow ing in a c ircular conductor , whose
form coin c ided w ith the per iphery of the disc .

Curren ts. Conver ted —Elec tric cur

rents changed ei ther in their e lectromotive
force or in their s trength . by passage through
a converter or transformer. (See Tr ans

f ormer .)

Currents, Converti ng —Changing
the elec tromotive force of currents by their
passage through a converter or transformer.
(See T r ansformer .)

Currents. Diaphragm Electric cur
rents produced by forc ing a l iqu id through
the cap illary pores of a d iaphragm. (See
O smose, Electr i c .)

Currents, Earth —Elec tric curren ts
flowing through the earth . caused by a d iffer
ence of potent ia l at d ifferent parts .

T he causes of these diffe r

ences of potentia l are
various and are not wel l understood .

Currents, E l l y —Useless currents
produced in the pole p ieces , a rma tures , field
magnet cores of dynamo-elec t ric mach ines or

motors , or other me ta l lic ma sses , e ither by
their mot ion through magnet ic fie lds , or by
variations in the s trength of elec tric currents
flow ing near them.

Sens ible eddy curren ts are p roducd in the mas s
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of the conducting w ire on the armature of a

dynamo-elec tric machine w hen the w ire is com

para tively heavy .

Such curren ts are ca lled eddy cur r en ts
,
loca l

cur ren ts , Fouca ul t cur r en ts , or p ar a s i t i ca l
'

cur

ren ts . They form c losed-c ircu its of compara tively
low resi stance, and tend to cause undue hea ting of
arma tures or pole pieces . They not on ly cause a

useless expenditure of energy , but in terfere w ith
the proper operation of the device .

T o reduce them a s far as practicable , the.
pole

pieces, arma ture cores or armature w ires, are

lamina ted . (See Core, Lamina t ion of . )

These local currents a re perhaps preferably
called Foucaul t cu rren ts when they take place
in magnetic cores , pole pieces or arma ture
cores , and eddy curren ts when they occur in the

armaturew ire or conductor . When the a rmature
conductor i s made up of copper b ars, for exam

ple , the eddy currents in the latter are u sua l ly
considerable
Since Foucaul t curren ts in dynamo-electr ic ma

chine cores a re due to variations i n the magnetic

strength of the field magnets , or of the a rma

ture, they w il l be of grea test in tensity when the

changes in the magnetic strength are the greatest
and most sudden .

These changes are most marked , and conse

quen tly the Foucaul t currents are s tronges t at those
corners of the pole pieces of a dynamo fromw hich
the arma tu re i s moved in i ts ro ta tion , as w il l be
s een from an inspection of Fig . 184 .

Fig . 185 , show s Foucaul t currents generated in
p o le pieces .

Currents, Eddy-Conduction —A
term employed for ord inary eddy currents in
conduc tors , in order to dis tinguish them from
eddy-d isp l acemen t currents . (See Cur r en ts ,
Eddy

-D i sp lacemen t .)

Currents, EddyDeep Seated Eddy
currents set up in themass of a conductor sub

jected to elec tro-dynamic induct ion in con

tradist inct ion to superfic ia lly s eated eddy cur

ren ts . (See Cur r en ts , Eddy , Superfi ci a l .)

Currents, Eddy-Di spl acement
Eddy currents produced in the mas s of a

d ielec tric or insula tor, w hen l ines of magnet ic
or elec tros tat ic force pass through the di

elec tric or insulator.

Eddy-displacemen t cur ren ts a re produced in
a dielectric or non -conductor , when i t i s moved
across a magnetic field , so as to cut the l ines of
magnetic force .

Eddy d isplacemen t cu rren ts w ould a lso occur

i f a dielec tr ic i s subjected to varying electrosta tic
induction .

Currents, Eddy , Superfi c ial —Eddy
currents produced in conduc ting subs tances
tha t are l imited to the outer layers thereof.

T he eddy curren ts produced by a lternating
curren ts are superficia l i f the a l ternating cur rents
a re sufficiently rapid. T he oscillatory currents pro
duced during the discharge of a Leyden jar are

more superficia l in propor tion as the discha rge
takes

'

p lace rapidly . When curren ts are p ro

duced in a magnetizable body by the discharge
of a Leyden jar , they are more and more super
ficial , as the discharge of the jar i s more and more

rapid . T he reason a slow discharge of a jar or

condenser produces a greater magnetizing effect
is , because of the checking or screen ing action
the superfi c ia l eddy curren ts exert on the in ter ior
of the mass of the magnetizable substance when
the discharge i s very rapid .

Currents, El ectroton ic -In electro
therapeut ics , currents due to internal polari za
t ion in the nerve fibre between the conductJ

ing core of the nerves and ‘ the enclos ing

s hea ths .

Currents, Extra —Currents pro

duced in a c ircu it by the induc tion of the

curren t on i tself on the open ing or c los ing of
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t ingui shed by the term, curren ts of the second ,
third, fourth , etc. ,

order . (See Coi l s , Hen ry
’

s . )

Cur rents, Paras i tical —A name

somet imes app l ied to eddy curren ts . (See

Cur rents , Eddy .)

Currents, Posi ti ve
.

—A term em

p loyed in s ingle-needle telegraphy for currents
s ent over the l ine in a pos it ive d irec t ion by de
press ing a key tha t connec ts the l ine w i th
the pos itive pole of a ba ttery and so deflec ts
the needle to the right . (See T elegr apny ,

Si ng le
-Needle .)

Currents, Reversed —Aname some

t imes appl ied to a l terna ting currents . (See

Cur r en t , Al terna t i ng .)

Currents, Secondary —T he curren ts
p roduced by secondary ba t teries in con tra
d is t inction to the curren ts produced by
primary ba tteries .

T he curren ts produced by the secondary
conduc tor of an induc tion coi l, a s d is tinguished
from the currents s en t in to the primaries .

This second use of the term secondary curren t
i s more usua l .

Currents, Sel f-Induced —Ac urren t
produced by self-induc t ion .

An extra curren t . (See Induct i on , Se .

Cur rents , Ex tra .)

Currents, Simpl e Per iodi c Cur

ren ts , the flow of w hich is variable, both in
s trength and dura t ion , and in w hich the flow
of electric ity, pass ing any s ec t ion of the con

ductor, may be represen ted by a s imp le per i
odic curve.

Acurren t of such a nature tha t the con
tinuous variat ion of the flow of elec tric ity
pas t any area of cross-section of the con

duc tor, or the varia tions in the electromotive
force of wh ich can be expressed by a s imple
period ic or harmon ic curve. (See Cur v e,
Simp le-Ha rmon i c .)
Al ternate curren ts are s imple-periodic Currents.
T he average curren t s trength of s imple-per iodic

curren ts i s equal to the average impressed electro .

motive force divided by the impedance.

T he transmission of rapidly varying or s im

ple -periodic curren ts through conductors differs
very gre i tly from the tran smiss ion o f steady cur

[ Cur.

rents . With a steady current, the current den si ty
i s the same for a l l areas of cross-section of the

conductor. For a rapidly in termi ttent curren t,
the curren t dens ity i s greater near the surface,
and when the ra te of in termission i s suff iciently
great , the curren t i s ent irely absen t at the cen tre
of the conductor .

Lord Rayleigh has shown that when the ra te of

in termi ss ion i s per second , the eflective re

Si stance of a w ire 1 60mm . in length , and 30 mm .

in diameter , is l .84 times i ts resistan ce to s teady
curren ts . He found tha t the increa se of resis t
ance is grea ter in the case of conductors of great
diameter than in those of sma ll diameter .

As regards the character of Conductor best
sui ted for transmitting rapidly al ternating cur

rents , i t can be shown

( I . ) That for transm i tting a l terna te curren ts of

moderate frequency , say of about per sec

ond , copper conductors should be used in prefer
ence to rods of iron .

Tha t the conductor shou ld be in the form
of thin s trips

,
or i f tubu lar, of thin wal ls .

Tha t the mere stranding of the conduc tor,
i . e. , forming i t of separa te insu lated conductors
connected in para l le l , w i l l be of no efl

'

ect in pre .

ven ting the curren t from acti ng on the outside of
the conductor , unless the conductor be arranged
in the form of a cable, in w hich one par t forms a
lead, and another par t the return .

Stephan draw s the follow ing ana logy betw een
the flow of a l terna ting currents in a conductor
and the flow of hea t in a hot w ire

Suppose a w ire or conductor , uni formly heated
from centre to c ircumference , be suddenly taken
in to a space where the tempera ture i s h i gh , the

outer portions of the w ire fi rs t r ise in tempera ture ,
and a fterwards the inner portions . In the case of

a conductor of c ircular cross-section , the hea t
penetrates successive concentr ic layers . T he same

phenomena occur when an electromotive force is
sudden ly set up between the ends of a cylindrical
conductor . T he current gradual ly penetrates the
conductor from the outside to the cen tre .

Now suppose the hea ted w ire i s carr i ed into a
Cooler space, the hea t w aves p ass out radially
from the centre towards the Circumference. T he

cool ing w ire corresponds to the case of a con .

ductor in which the external electromotive force
i s sudden ly removed .

”

According to this conception , the hea t conduct
i ng power of any substance corresponds to i t s

e lectr ica l conducting power .



According to Stephan , in the case of a con

d uctor of iron of 4 mm. in diameter
,
traversed by

a n a lterna ting curren t of 250 a lterna tions per
second , the curren t density on the su rface i s about
twenty-five t imes as grea t a s tha t a t i ts axis .

Where the conductor is of non -magneti c ma te

r ial , the difference in the curren t densi ty is not so
marked .

Rapidly in termi ttent curren ts p roduce a rea l
increase in the res istance o f the conductor , w hich
mus t not be con fused w ith the fact tha t the impe
dance i s grea ter than the ohmic resistance , but
rather a s an actual increase in the ra te a t which
energy i s diss ipa ted per un it of curren t .
Since curren t dens i ty i s greates t a t the ou tside

portions of a conductor , and the cen tra l portio i i s
a re nearly, i f not en tirely, deserted by the cur

r en t, w e may regard the conductor a s having
the ohm ic resistance of a hollow cylinder of the

same diameter a s the conductor , w ith a cor

respondingly sma ller area of cross-sec tion , and

therefore, of greater ohmic resistance per un i t of
l ength .

T he condition of afla irs in the case of a con

ductor in w hich a curren t o f electr ic i ty i s begin
n ing to flow ,

i s now very genera lly regarded
somewha t as follow s, v iz
T he curren t begins a t the surface of the con

ductor , and more or less s low ly soaks through
towards the cen tre . If the current i s cons tan t

, the

curren t soon reaches the deepest layers ; bu t , if i t
i s rapidly intermitten t, before i t can soak very far
in to the conductor towards its axis , i t is turned
back tow ards the surface, and so becomes con

fined to layerswhich w i ll be more and more super
fi cial , as the rapidi ty of reversa l increases.
Therefore, for conven ience , we may regard a

solid conductor, through which a rapidly inter
m i tten t curren t of electr icity is flow ing , a s be ing
p ractica l ly conver ted in to a hollow cyl inder of

t he same diameter as the sol id conductor , the
.a rea of cross-section of which hollow cylinder
becomes smal ler and smal ler , as the rapidity of

a ltern a tion is increased .

Another, and perhaps the more correct concep
t ion of the condi tion of aflairs in a sol id conductor
traversed by a rapidly a lternating curren t of elec
t r icity , has been poin ted out by M axwell , and a fter
w ards byHeavy side, Rayleigh and Hughes. This
conception i s to regard the centra l port ions of the
conductor as possessing a coun ter electromotive
force grea ter than the outer portions . T he entire
.curren t flow ing across any section of a conductor

—Currents that

may be regarded
'

as made up of li ttle curr en t

s tr eamlets
,
para llel to one another .

T he centra l streamlets , or fi laments, from their
mutua l induction on one another , experience a

grea ter resistance in reaching their ful l Streng th
than the surface fi laments do . Taken i n this
sense , we may state general ly tha t the transmis
s ion of rapidly a l ternating curren ts through con

ductors depends on the inductance, rather than
on the resistance ; but for steady currents“

,
i t de

pends more on the resistance than on the induct
ance.

In per iodic or oscilla tory curren t», as those
produced by. the discharge of a Leyden jar, or

condenser , the sur face streamlets have a curren t
dens ity far greater than the cen tra l streamlets .

T he true or ohmic resistance of the c ircu i t i s a

min imum when the Curren t i s uni formly d istrib
u ted through a l l parts of the cross-section of the

conductor , and the dissipa tion of energy through
the genera tion of hea t is less than for any other
d istr ibu tion .

T he conception of a periodic curren t flowing
t hrough a c onductor , sta rting from the surfa ce
and gradua lly soaking in towa rds the cen tre,
regards the energy of an electric current—not a s

being pushed through the conductor , as water
through a pipe, but a s actually being absorbed a t

i ts surface , from the surrounding die lectric , or as
being, so to speak

,
ra ined down on the conductor

from the space outside of i t .

Currents, Swel l i ng —Iri electro
therapeutics , currents tha t beg in w eak and are

gradua l ly made s tronger and then w eaker.

Currents, Swel l i ng-Faradic
—A

term employed in electro-therapeu tics for fara«

d ic curren ts tha t are caused to gradua lly in
crease in s treng th and then to gradua lly de
crease to zero s treng th .

Currents, T ransient

are but of momen tary dura t ion .

Currents, Undul ator y Currents the
s trength and d irect ion of whoseflow gradua lly
change.

T he term undula tory curren ts is used in con

trad istinction to pulsa tory curren ts , in whi ch the

s trength changes suddenly . In acrua l prac tice,
such currents differ from un dula tory currents
more in degree than in kind , s ince, when sen t
in to a l ine, the effects o f r eta rda t ion tend to

oblitera te, to a g rea ter or less extent , the sudden
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differences in in tensity on which their pul satory
character depends .

T he curren ts produced in the coi l s of the Sie

mens magneto-e lectr ic key , in which the me.

chan ical to-and-fro motion of the key sends elec
tr ical impulses into the line, are, in poin t o f fact,
undul atory in character , when they follow one an

other rapidly .

T he curren ts in most dynamo-electric machines,
the number of whose armature coils is compara
tively great, are, so far as the varia tions in their
intensity or s trength are Concerned , undula tory
in character even when non-commu ted .

T he curren ts on al l telephone l ines that trans
mit articulate speech are undula tory . This i s
true, w hether the transmitter employed merely
varies the resis tance by var iation s of p ressure, or
actually employs makes-and-breaks that rapidly
follow one another .

—4 (See Cur rent , Pul sa tory .

Cur rent , Intermi ttent . )

Curtain , Auroral —A sheet of

auroral l ight having the shape of a curta in .

(SeeAuror a B or ea l i s .)

Curve, Asymptote of —A s tra ight
l ine w h ich con tinua l ly approaches a curved
l ine, but meets or becomes tangen t to such

curved l ine only a t an infini te d is tance.

In Fig . 186, the curve C D , con tinua lly ap

proach-es the a symptote y z , but never meets it .
It i s a t fir s t difficul t to un

ders tand how one line can

con tinua lly approach
other and y et never meet it .
But i t w ill be readily under
stood ii i t i s remembered
tha t in al l cases of a symp

Fig 1 86

toti c approach each advance
becomes smal ler and smaller .

This ma thema tica l conception i s l ike a va lue
which , a l though con stan tly reduced to one-ha l f
of i ts former

,
va lue, i s n evertheless never reduced

to zero or no va lue.

Curve, B al l i st ic —T he curve ac

tual ly described by a projec ti le t hrown in

any other than a vert ical direc t ion through
the air.

The pa th of a projecti le in a vacuum i s a para
bola—that is , the path AE B , Fig . 187. In a ir ,

the eflects of flu id res istances cause the projecti le
to take the pa th AC D , ca lled a ba l l i st i c curv e.

148 [Cur.

The ba llistic curve ha s a small er vertical height
than the parabola. The projectile also has 3.

Revolution

Fig . 1 88. Cha r a cter i s t ic

Fig . 1 87 . B a l l i st i c Curv e.

smaller verti ca l range . Ins tead of reaching the
poin t

'

B
, i t continua lly approaches the perpen

d icular E F.

Curve, Character i st ic A d iagram.

in w hich a curve is employed to represent .

the ra tio of certa in varying va lues .

T he electromotive force generated in the arma

ture coils of a dynamo-elec tr ic machine, when the
magnetic field i s of a con stan t in tensity , is theo
retical ly proportiona l to the speed of rotation . In .

practice this i s modified by a number of c ircum
stances.
T he rela tion existing between the speed

'

and electromotive force may be graphica lly rep

resented by referr ing the va lues to two s tra igh t:
l ines , one horizonta l and the other ver tical , ca lled
respectively the a x es of a és ci ss a s a nd or din a tes .

(SeeAésci s s as, Ax is of . ) If, in a given case, the .

number of revolutions
i s marked off along
the hor i zon ta l l ine
from the poin t 0, Fig .

188, in distances from
0, proportional to the
number of revolu

tions, and the corre

sponding electromo

tive forces aremarked
ofl’ a long the ver tica l line in distances from o,

proportional to the elec tromot ive forces , the

poin ts w here thes e lines in tersec t w ill form the :

character istic curve as shown in Fig. 188.

Curve, Characteri stic, of Paral l el Trans
former —A curve so drawn tha t i ts
ordina te and absc issa at any point represen t
the secondary electromotive force and the sec

ondary curren t of a mul t iple connected trans
former, w hen the res is tance of the secondary
circuit has a certa in defin i te value.

With a constan t electromotive force in the pri
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Curves, I sochasmen —Curves drawn
on the earth ’

s surface between zones hav ing
equal frequency of aurora l d ischarges .

T he isochasmen curves are nearly a t r ight
angles to the magnetic meridian.

Curves, M ag net ic Curved l ines

s how ing the direct ion of the l ines of mag

netic force in any field , formed by sprinkl ing
iron fi lings on a sheet of paper or glas s held
in the field of a magnet , and gent ly tapping
the support so as to permit the fi l ings to prop
erly arrange themselves . (See Fzgur es ,
M ag net i c.)

Cut Jn , To —T o in troduce an elec tro
recept ive device in to the c ircui t of an elec tric
source by completing or making the c ircu it
through it .

Cut-O ff , Automat ic Gas —A device
for automa t ical ly cutt ing out the ba t tery
from an electric gas

-l ight ing c ircu it on the

accidental grounding of the circu i t .

Un less the ba ttery i s disconnected from the c ir

c u it on the es tabli shing of a ground , the ba ttery
w ill pola rize and soon become useless .

Cut-Out , A —A dev ice by means of
w hich an elec tro-recept ive device or loop may

be thrown out of the c ircui t of an electric
source.

In any system of l ight or pow er dis tr ibution , a.

cut out i s genera l ly placed outside a building cu it in tha t particular branch ,

in to which a loop or bran ch of the ma in c ircu i t
runs , so as to permi t tha t loop or branch to be
readily disconnected therefrom. In the same way

Cut-out keys or sw itches are genera lly placed in
the c ir cui t of the loop and each electro-receptive
device .

Cut-Ont , Ai r-Space -A modified
form of paper cut-out , in w hich the disc of

paper or m ica is replaced by the res is tance of

an a ir-space.

Al though the res istance of an a ir s pace is so

h igh as to be practica lly immeasurable, yet i t i s
overcome or broken by a much lower differ .

ence o f potentia l than an equal thicknes s of

p aper or mica . (See Pa tfi
, Al terna t i v e. Cu t .

O ut , Fi lm. )

1 50 (Cut.

Fig . 1 92 . Cei l i ng Cut-O u t .

(See

Aform of ceiling cut-out, made o f porcela in , is

shown in Fig . 192, w ith the two ha lves separa ted

to show in terior deta ils , and in Fig . 193 , w i th the
two halves placed toge ther.

Cut-Out , Automat ic —Any device
tha t w ill automat ica lly cut-out , or remove, a
trans la ting dev ice, or an elec tric source, from
an elec tric c ircuit, w henever any predeter

mined effec t is produced.

Cut-Out, Automat ic , for M ul t i pl e
-Con

nected El ectro-Recept i ve Devi ces
Adevice for automat ically cut ting an elec tro
receptive device, such as a lamp , out of the
c ircui t of the leads .

Automati c cut-outs for incandescen t lamps,
when connected to the leads in multiple-arc , con
s ist of s trips of readi melted meta l ca l led s af ely

fuses , which on the passage of an excessive cur
ren t fuse, and thus automa tica lly break the cir
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CutPOut ,Automatic, for Series-Connected
El ectro-Recepti ve Devices -Adev ice
whereby an elec tro-recept ive dev ice, such
a s an electric arc lamp , is , to a ll inten ts and

purposes , automa t ica lly cut out , or removed
from the c ircuit , by means of a shunt of low
res is tance, w h ich permits the greater part of
the curren t to flow pas t the lamp .

It w ill be observed tha t the lamp , though still in
the c ircuit , i s to a l l prac tica l in ten ts cu t out from
the same

, s ince the proport ion of the curren t
tha t now passes through it i s too sma l l to oper
a te i t .
In most series are lamps , cut-outs are oper

ated by means of an electro-magnet placed in a

shun t circu i t of high resistance around the car .

bon s . If the carbons fa il to proper ly feed , the
arc increases in length and consequen tly in res is t
a nce . M ore curren t pa s ses through the shun t
magnet , un til fina lly , when a cer ta in p redeter
m ined limi t i s reached , the arma ture of the elec
t ro-magnet i s a ttracted to the magne t pole and

mechan ical ly completes the short c ircu it pas t the
lamp .

In some automa tic cut-outs the fus ion of a

readily fused w ire , placed in a shun t c ircu it
around the carbons , permits a spr ing to complete
.the shor t c ircu it .
T he automatic cut-out preven ts the acc iden ta l

e xtingu ish ing o f any s ingle lamp in a ser ies c ir
cui t from extingu ishing the rema ining lamps on
tha t circu i t .

Cut-Out, Automat ic T ime —A
d evice a rranged so a s to automa t ica l ly cut out
a trans lat ing device, or an elec tric source, from
a c ircuit , at the end of a certa in predetermined
t ime.

Cut-Out, Dupl ex —A cut-out so

arranged tha t when one bar or s trip is fused
ormelted by an abnorma l curren t another can
be immediately subs tituted for it .

Cut-Out, Fi lm —Acut-out in w hich
a fi lm, or s heet of paper or mica . is interposed
between a l ine pla te and an eart h p la te , w hich ,

when punctured by a spark , short c ircuits the
instruments on the l ine.

Cut-Out , M ai n-Li ne

mat ic cut-out p laced on the ma in l ine.

Cut-O ut , Automa t i c .)

-An auto

(See

[Cyc.

Aform of main-l ine cut-out is shown in Fig.

Fig . 1 94 . M a in-Li ne Cut O ut .

194. T he fuses are shown as attached to the fuse
block .

Cut-Out , Paper —Aterm somet imes
employed ins tea d of fi lm cut-out . (See Cut

O ut , F i lm . )

Cut-Out, Rosette -Aroset te for an
elec trol ier, conta in ing a cut-out . (See Ro

sette .)

Cut-Out, Spr i ng-Jack —A device
s imilar in genera l cons truc t ion to a spring
jack , but employed to cut out a c ircuit .

An insula ted plug i s thrus t between spr ing
contacts, thus breaking the c ircu it by forc ing
them apart .

Cut O ut , To —T o remove an elec

tro-recept ive device from the
‘

c ircui t of an

electric source by d isconnec ting or d iverting
the c ircuit from i t .

Cutting Li nes of Force—(See For ce,

L i nes of . Cutt i ng .)
Cycl e—Aperiod of time w ithin w hich a

certa in series of phenomena regularly recur,

in the same order.

Cycl e, M agnet ic
—A s ing le round

of magnetic changes to w hich a magnet izab le
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substance, such as a piece of iron , is subjected
when it is magnetized from zero to a cer

tai n maximum magnet iza tion , then decreased
to zero, reversed and carried to a negat ive
max imum, and then decrea sed aga in to zero.

Cycl ical M agneti c Var i ation
—(See Va

r i a t i on , Cy cl i ca l M ag net i c.)

Cycl otrope
—A name proposed in p lace

of trans former or converter. (See T r a ns

former .)
Cy l i nder , Vortex —A number of

vortex s tream-l ines grouped paral lel to one

another about a s tra ight l ine w hich forms the

axis or core of the vortex .

Cyl i ndr ical Armature—(See Arma tur e,

Cy l i ndr i ca l .)

Cyl i ndr ical Carbon El ectrodes—(See
Electr odes , Cy l i ndr i ca l Ca r ton .)

Cyl i ndr i cal El ectro-M agnet . -(See M ag

net , Electr a, Cy l i ndr i ca l .)

Damped M agneti c Needl e—(See Needle,

M ag net i c, D amped .)
Damper .

—Ametall ic cyl inder prov ided in
an induct ion coil so a s to part ia l ly or com

pletely surround the i ron core, for the purpose
of varying the in tens i ty of the currents induced
in the secondary.

T he metal l ic cylinder acts a s a screen or shield
for the rapidly a l ternating curren ts travers ing the
field of the primary . (See Screen ing , M agnet i c. )
As the damper i s pulled out

,
a grea ter length of

the core i s exposed to the induction .

Damper .
—Aterm sometimes appl ied to a

dash-pot or other s imilar apparatus provided
for the purpose of preven ting the too sudden
movemen t of a lever or other part of a device.

(SeeD as lz-Pot .)
Some form of damper or dash-pot i s used on

most e lec tri c arc lamps , the upper ca rbon of

which i s fed by a direc t fall .
T he double use of this word is unfortunate.

Dampi ng.
—T he act of s top ping v ibra tory

motion such as bringi ng a sw inging mag

[Dam.

Cyl indr i cal M agnet—(See M ag net , Cy l
'

i ndr i ca l .)

Cyl i ndr ical RingArmature—(SeeArm
a ta r e, Cy l i ndr i ca l Ri ng .)

Cymogene.
—An extremely vola t ile l iquid

w hich is g iven off from crude coa l oil during
the early parts of its d is til la t ion .

T he two liqu ids which are obta ined fromthe
conden sa tion of the vapors g iven off dur ing the
first parts of the distillation of coa l oil are ca lled
cy nzogene, and r lzigol ene. These l iqu ids a re em

ployed on accoun t of their “

extreme vola til ity for
the artific ia l production of cold .

Rhigolene i s employed by some for the tr ea t

ment orfla sfiing of the carbons used in incan
descen t lamps . (See Ca rbon s , Fl a s lzing Procesr

f or . )

Cystoscopy , El ectr i c —Aname g iven:

to Hitze
'

s method of ocu lar examina t ion
of the human bladder by elec tric i llumina
tion .

net ic needle quickly to res t , so as to deter
mine the amoun t of its deflection , w ithout
wa it ing un t i l it comes to res t a fter repea ted
sw ingi ngs to and fro.

Damping devices are such a s ofi
’

er res istance
to qu ick motion , or high veloc i ties .

'

l hose gen
era ll y employed in elec tr ica l appara tus are either
a i r or flu i d f r i ct ion , obta ined by placing vanes
on the axis of rota tion , or by checking the move
men ts of the needle by mean s of th e curren ts i t
sets up , dur ing its motion, in themass of any con

ducting meta l placed near i t. These curren ts , as
Len z has shown, a lways tend to produce motion
in a direc tion opposed to tha t of the motion caus

ing them. B el l -shaped magnets are especially
sui table for this kind of damping. (See M agn et,

B el l ‘ Sfiaped . )
T he needle of a ga lvanometer is dead-bea t when

i ts moment of iner t ia is so sma l l tha t its osc illa tions
in an in tense field a re very qu ick , and the mi rrcr ,
acting as a vane , causes the movemen ts to die out"

very rapidly , and the needle therefore moves
sharply over the sca le from poin t to poin t and

comes qu ickly to a dea d s top . When the needle
or sw inging coil i s heavy and moves in an in tense
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increases . This w as conclusively shown by the
independen t investiga tions of Ta tum and Tesla .

Decal escence.
—Aterm proposed by Prof.

El ihu T homson for an a bsorption of sens ible
heat , w hich occurs at a certain t ime during
the hea t ing of a bar of s teel .
Decalescence w il l thus be observed to be the

reverse of reca lescence , which i s the phenome
non of the emiss ion of sens ible hea t a t a certa in
time dur ing the cool ing of a heated bar of

steel . (See Reca l escen ce. )

Deci (a s a prefix ) .—T he one-ten th .

Deci-Ampere.
—O ne-tenth of an ampere

Dec i-Ampere B al ance.
—(See B a la nce

,

Deci-Amper e.)

Deci-LuX.
—T he one-tenth of a lux . (See

Lux .)

Decl i nation .
—T he varia t ion of a mag

netic need le from the true geographica l north .

The magnetic dec l ina tion i s east or wes t . (See
medle

,
M agnet ic, D ecl ina t ion of . )

Decl i nat ion , Angl e of —T he angle

wh ich measures the devia tion of the mag
netic needle to the eas t
or wes t of the true geo

graph ical north .

T he angle of varia tion
of a magnetic needle.

W

In Fig . 195 , i fNS, rep
resents the true north and
sou th line, the angle of de

cl ination i s N O A, and F2? 1 95 . Decl ina t ion

the s ign of M e v a r i a t ion i s Qf Need le

ea st , because the devia tion of the needle is to
ward the east. (See Needl e

,
M agneti c, D ecl ina

tion of . )

Decl inometer .
—A magnet ic needle sui t

ably arranged for the measuremen t of the

va lue of the magnet ic dec l ina t ion or varia
tion a t any place.

Decompos i tion—Ia chemis try the separa
tion of a molecule in to its cons t ituen t a toms

or groups of a toms . (See M olecule. Atom.)

Decomposi t ion , El ectr ic -Chem
ical decompos ition bymeans of an elec tric d is
charge or curren t.
Th i s decomposi tion may resu lt from an increa se

[Deg.

of tempera ture produced by the electr ic d ischarge,
or from the passage of th e curren t. In the latter
case i t is more properly ca lled el ectr oly t i c decom

p os i t i on .

Decomposi t ion , El ectr ic , Crystal l ization
by — (See Cry s ta l l i z a t i on by E lectr o

ly t i ca l D ecompos i t i on .)

Decomposi t ion , El ectrol yti c —T h e
separa tion of a molecule in to its cons t ituen t
a toms or groups of a toms by the ac tion of

the electric current .
These atoms o r groups of atoms are e ither

electro-pos itive or electro-negative i n character .

(See E lectroly s i s . An ion . Ka t/t ion . )

De-energ i ze.
—T o deprive an elec tro-recep

tive dev ice of its opera t ing curren t .

De-energ i z i ng .
—Depriving an elec tro

receptive device of its opera t ing curren t .

Deep-Seated Eddy Currents—(See Cur
r en ts , Ea

’
a
’

y , D eep-Sea ted .)

Deep-Water Submar ine Cabl e—(See
Caole, Snolna r i ne, D eep-Sea .)

Deflagration , El ectr ical T he fus ion
and vola t il iza t ion of meta l l ic subs tances by the
elec tric curren t.

Deflag rator .
—T he name g iven to a vol taic

ba t tery, of sma l l in terna l res is tance, employed
by Hare in the electric defiagra t ion of meta l
l ic subs tances .

Deflection M ethod. M et/zoa’, D eflec
t i on .)
Deflection of M agnetic Needl e - (See

Neea
’

le, M ag net i c, Defl ect i on of .)

Degenerat ion .
—Such a degenera t ion of the

muscular or cel lular s truc ture of any cel l or

organ tha t inca pac ita tes it from performing i ts
func tions .

Degenerat ion of Energ y.
—(See Energy ,

D eg enera t i on of .)
Degenerat ion , Par t ial , Reaction of

—Tha t form of a l tera t ion to elec tric s timula
tion , in w hich the nerves show no abnorma l

reac t ion to elec tric s t imula t ion , wh ile the

musc les , w hen direc tly s t imula ted by the con
s tan t curren t , exh ib i t the reac t ion of degen
cra t ion. (See D eg ener a t i on , Rea ct i on of .)
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Degenerat ion , React ion of —A
qual ita tive and quant ita tive a l tera t ion of

nerves and muscles to elec tric s t imula tion .

According to Landois and Stir l ing the follow ing
condi tions character ize essentia lly the react ion of

degenera tion :
“ The exc itabil ity of the muscles

is dimin ished or abo lished for the faradic cur

ren t , while i t i s increased for the ga lvan ic curren t
from the third to the fifty-e ighth .

day ; i t again
dimin ishes , how ever , w ith var ia tions , from the

seven ty-second to eightieth day the anodic clos
ing con tr ac tion i s s tronger than the ka thodic
closing con traction .

” T he d iminu

tion of the exc itability of the nerv es i s similar for
the ga lvan ic and faradic Curren ts .

”

Deka (as a prefix)—T en times .

Deli a-Ampere—T en amperes ,

Delta-Ampere B al ance—(See B a la nce,

D ena-Ampe
‘

r e.)
De l a Rue

’

s Standard Vol tai c Cel l .—(See
Cel l , Volta i c, Standa rd , D e la R ice

’

s .)
Del i quescence.

—T he solut ion of a crys ta l
l ine sol id aris ing from its absorpt ion of vapor
of wa ter from the a tmosphere.

Demagnet iz abl e.—Capable Of being de

prived of magnetism.

Demagnetizat ion .
—Aprocess , genera lly di

rectly Oppos ite to tha t for producing a magnet ,
by means of wh ich the magne t may be de

prived oi its magnet ism.

Amagnet may be depr ived of i ts magnetism,

or be demagnetized
Dental-M al l et, El ectro-M agnetic

By hea ting i t to redness .

By touching to i ts poles magnet poles Of the
same name as i ts own .

By reversing the direction s of the motions
by which i ts magnetism was original ly impar ted ,
i f magnetized by touch, by stroking i t w ith a

magnet in the Oppos ite direction from tha t which
would have to be given in order to produce the
magnetiza tion which is to be removed from i t .

B y exposing i t in a hel ix to the influence of

currents which w i ll impar tmagne tism Oppos i te to
tha t which it or igina lly possessed .

Avr ia c la ims that a sma ller magnetizing force i s
required to demagnetize a needle than i s requ ired
to magnetize i t.

Demagneti zat ion of Watches—(See
Wa tcnes , D emag net i z a t i on of .)

Amal le t for fi ll ing teeth , the blows of w hich
a re s truck by means of elec trically-driven
mechanism.

Electro-magneti sm was firs t employed for this
purpose by Bonw ill , of Philadelphia .

Dent i phone.
-An aud iphone . (SeeAnd i

p/zone.)
Depol ar izat ion .

—T he act of reduc ing or

removing the polarization Of a volta ic cel l

or ba ttery. (See Cel l . Vol ta i c , Pola r i z a t i on

Depol ar ize.
—TO deprive of polarizat ion .

Depol ar iz ing.
—Depriv ing of polarization .

Depol ar i zi ng Fl uid.
—(See Fl a i d. D e

pola r i z ing .)

[D

Demagnet i ze.
—T o deprive of magneti sm. .

Demagnet iz l ng.
—Depriv ing of magnetiza

t ion .

Demarcat ion Current—(See Cur r en t , D e

ma r ca t i on

Demarcat ion Surface—(See Surf a ce, D e

ma r ca t i on .)

Densi ty, El ectr ic T he quan t ity of
free elec tricity on any un it of a rea of surface.

T he dens ity i s sa id to be positive or nega tive
according a s to whether the charge i s pos itive or

'

nega tive. (See Cha rge, D ens i ty of . Plane,

M agnetic Pr oof . )

Densi ty, M agnetic —T he s trength
Of magnet ism as measured by the number Of
l ines Of magnetic force tha t pa s s through a

un i t area Of cros s-sec t ion of the magnet , i . e . ,

a section taken at righ t angles to the l ines of

force. (See F i eld, M ag net i c .)
Densi ty of Charge—(See Clza rg e, D en

s i ty of .)
Densi ty of Current. (See Cur r en t

D ens i ty .)
Densi ty O f Fiel d.

-(SeeF i eld , D ens i ty of .)

Dens i ty, Surface —A phrase used

by Coulomb to mean the quan t ity of e l ec

tricity per un i t of area at. any poin t on a sur

face. (See Cna rg e D ens i ty . D ens i ty ,
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Depos i t, B l ack ,

'

El ectro-M etal l urg i cal The electri c deposition of a meta l on any con

Crys ta ll ine variety of electro ducting surface i s sometimes cal led an e lec tro

meta llurgi ca l depos i t . (See D epos i t ,Electr o
meta llurgica l dCPO Slfion (See M eta l lurgy ,

M eta l lurg i ca l .)

Deposi t , Crystal l ine, El ectro-M etal l urgi
cal —A non-adheren t , non-coheren t
fi lm of e lec trolytica l ly depos ited metal . (See

D epos i t, E lectr o-M eta l lurg i ca l .)

Deposi t, El ectro-M etal lurg i ca l

T he deposi t of meta l Obta ined by any electro
metal lurg ical proces s .

T o obta in a good metall ic deposit the dens ity
Of the curren t mus t be regu lated according to the
s trength of the metall ic solu tion employed .

Electro-meta llurgical deposi ts are either
( I . ) Regul ine, or flexible, adheren t and s trongly

coheren t meta llic fi lms
, depos i ted w hen neither

the current nor the solution is too s trong ; or ,
Cry sta l l ine; or

-
non . adheren t and n on-co

herent depos its .

T he crysta lli ne depos i t may ei ther be of a loose,

sa ndy cli a r a cter , which i s thrown down when too
feeble a current i s u sed w ith too s trong a meta llic
solution ,

or i tmay consist of a ol zck depos i t , w hich
is thrown down when the curren t i s too s trong as

compared w i th the strength of the solu tion . This
latter character of deposi t i s sometimes techn ica lly
call ed ourn ing , and takes place mos t frequen tly
a t sharp corners and edges , where the curren t
density is grea test. (See Cur ren t D ens i ty . )

Deposi t, El ectro-M etal l urg ical Nodul ar
—A coheren t , irregular e lec tro-metal

lurgical depos i t which occurs whenever the
curren t dens ity fa lls below i ts normal va lue.

Deposi t, El ectro-M etal l urg ical , Regul ine

—A flexible, adheren t and s trongly
coherent fi lm of metal elec trolytical ly de

pos ited . (See D epos i t , Electr o-M eta l lur

g i ca l .)

Deposi t, El ectro-M eta l l urg ical , Sandy
—Anon-coheren t electro-metal lurg ical

depos i t w hich occurs whenever the curren t
dens ity exceeds its normal va lue.

Deposi ting Cel l . -(See Cel l , D epos i t i ng .)
Deposi ti ng

"

Vat—(See Va t , D epos i t i ng .)
Deposi tion , El ectr i c —T he depos it

ing of a subs tance, genera lly a meta l , by
the action of electrolys is . (See Electroly s i s .)

Deprez-d
’Arsonval Gal vanometer .

—(See
Ga lva nometer , D ep r ez-d

’Ar sonv a l .)
Der i vat i ve Ci rcui t—(See Ci rcu i t , D e

r i v a t i v e.)

Der i ved Ci rcui t—(See Ci r cu i t , D er i v ed .)

Der i ved Un i ts.—(See Un i ts , D er i v ed .)
Destruct i ve Di st i l l at ion—(See D i st i l la

t i on , D estr uct i v e.)
Detector Gal vanometer.

—(See Ga lv a

nometer
, D etector .)

Detector , Ground In a sys tem
of incandescen t lamp d is tribution , a dev ice
placed in the central s ta t ion , for showing by

the cand le-pow er of a lamp the approximate
loca tion of a ground on the s ys tem.

Fig. 196,

'

shows a form of groundd etector , in

Fig . 1 96 . Ground-Detector .

w hich a sma l l transformer i s placed on a board in
connection w ith a lamp and a two-way sw i tch.

O ne terminal of the pr imary Of the tra nsformer i s
put to ground , w h ile the other can be connected
by mean s of the switch to one or the other of the

two pr imar y mains of the distr ibution c ircu it .
Should an earth exist on e ither ma in , then when
the testing transformer has i ts pole connected to
the other ma in, the lamp in i ts secondary c ircu i t
w il l light up , providing the leak i s of suffi c ien t
magn itude to permi t a suffi c ien tly grea t curren t
to pass through the pr ima ry c ircu it.

Detors ion B an—(See B a r , D etor s i on

Device, El ectro-Recept i ve —Va rious
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Devices, El ectro-Recepti ve,M u1 tip1e-Arc
Connected -A term used in

'

p lace of

mul tip le-connected elec tro-receptive dev ices .

(See D ev i ces , E lectra-Recep t i v e, M ul t ip le

Connected .)

Devices, El ectro-Recept i ve, M ul t ipl e

Ser i es-Connected —A connection of

electro-receptive devices in w h ich a number of
separa te elec tro-recept ive devices a re con

nected in groups in series , and each of these
separa te groups afterwards connected in mul

t iple-arc .

T hemul tiple-ser ies connection permits elect ro.

receptive devices to be placed on ma ins w hose
electromotive force would be too high to permi t
a s ingle service to be connected direc tly to them.

It i s of grea t value in the dis tribution of incandes

cen t lamps by constan t Curren ts, since by per
mi tting a higher e lectromotive force to be em

ployed on the ma in conductors , i t reduces the

dimen sions of the conductors requ ired for the

economical di str ibution of the current. (See

Devi ces, El ectra-Recepti ve, Ser i es-Con
nected —T he connec tion of electro
receptive devices in w hich the devices a re

placed consecutively in the c ircu it , so tha t the
current pas ses succes s ively through al l of

them from the firs t to the last .

T he ser ies-connection of electro-receptive de
vices i s suited to constan t-cur r en t ci r cu i ts . T he

work done in th e device i s developed by the fa l l
of poten tial in each device. This k i nd of con

nection i s u sed in mos t systems of are l ight and
telegraphic lines. (See Cir cui ts , Va r ieties of .)

Devices, El ectro-Recepti ve, Ser ies-M ul
t ipl e

-Connected —A connec tion of

elec tro-recept ive devices in wh ich a number
of separa te elec tro-recept ive devices are joined
in separa te mult ip le groups , and each of these
groups subsequently connected w ith one an

other in series .

The effect of series-multiple connections i s to
spl it up the curren t in to a number of sepa ra ze

curren ts of sma ller strength , but of the sam

e lectromoti ve force. It i s applicable to such ca ses
as the combination of arc and incandescen t lamps
in the same circu i t . (S re Ci r cu i ts , Va r i et i es of . )
Devi ces, Transl at i ng, M ul t i p l e-Com

nected —A term sometimes used for

multiple-connec ted e lectro-receptive devi ces .

(See D ev i ces , E lectr a-Recep t i v e, M ul t iple
Connected .)
Devices, Transl at ing, M ul tipl e-Arc-Con

nected —A term used in p lace of
'

multiple-connected electro-receptive devices .

(See D ev i ces, Electro-Recept i z/e, M ul tzlt le

Connected .)

Devi ces, Transl ati ng, M ul tipl e-Seri es

Connected -A term sometimes used .

i ns tead of mul tiple-series-connec ted elec tro
recept ive devices . (See D ew

'

ces , E lectro

Recept ive, M ult ip le-Scr i es-Connected.)
Devices, Transl ating, Seri es-Connected
—A term sometimes used for s eries

connected electro-receptive devices. (See

D e
'

zn
'

ces , Electro Recept i ve, Ser i es Con

n ected .)

Devices, Transl ating, Seri es-M ul ti pl e

Connected —A term sometimes used :

for series-mul t iple-connec ted elec tro-recep
t ive dev ices . (See D ev i ces , E lectr a-Rea p,

t i l/e, Ser i es-M u l t zlol e Con n ected .)

Dextrorsal Hel ix.
—(See H el i x , D ex

t rorsa l .)
Dextrorsal Sol enoid—(See Solenoi d , D ex

tr or sa l . )
Diacr i t ical Curren t—(See Cur r en t , D i d

cr i t i ca l .)
Di acr i t ical Number.

—(SeeNumber , D i d

cr i ti ca l .)
Diacr i t ical Poi nt of M agnet i c Saturn

t i on .
—(See Sa tura t i on , M ag net i c, D i a cr i t

i ca l Poi n t of .)
Diagnosi s, E lectro.

—Diagnos is by means ;

of the exaggera t ion or d iminution of the t e

a ct ion oi the exc itab le t is sues of the body
'

w hen subjected to the varying influences of .

‘

e lectric curren ts .

T he electric curren t has al so been applied in
o rder to di stingu ish between forms of pa ra lysis,
and as a fina l tes t of dea th .

Diagnostic, El ectro —Perta ining to

electro-diagnos is . (See D i ag nos i s , E lectr a.)

Diagometer , Rousseau
’
s —An ap

t

para tus in w hich an a ttempt is made t o
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determine the chem ica l compos it ion and con diffe rences oftempera ture and a number dependen t
sequent purity of certa in subs tances by their on the meta ls in the couple . Th is number i s

elec trical conduct ing powers .

cal led the f il e’m -f l f d n f Paw” ? (See Caul k .

TfiernzooElectr t
'

c. Tlzernzo-Electr i cPower . )
In Fig. 198 (after Ta it) , the thermo-electric

006 100°c i a 20000 5 000 86000 40000
'

45000

T he arrangemen t of the appara tus i s shown in
Fig , 197 . A dry pile.A, has i ts negat ive , or

Fig . I 97 . Rou ssea u
’
s Dz

'

ag ometer .

termin a l, m’

, grounded . I ts posi tive, or ter

mina l is connected to a delicatel y supported , and
sl ightly magnetized needle, M , terminated by a

conducting pla te, L . O pposite L, and at the same

height, is a fixed pla te of s l ightly larger s ize. T he

needle M , when at rest in the plane of the magnetic
mer idian , i s in con tact at L , w ith the fixed pla te.

If, therefore, the upper pla te of the pile i s com

nected w ith the needle M , both plates a re. similarly
charged and repu lsion takes place , the needle
coming to rest a t a certai n dis tance from the fixed
pla te .

T he substance whose puri ty i s to be determined
i s placed in the cup G

,
which is connected ,

through L,
w ith the fixed plate . A branch w ire

from the termina l of the pile is then dipped into
the substance in G, and i ts purity determined
from the length of time requi red for the two pla tes
a t L, to be discharged through the ma teria l in G .

It i s cla imed tha t the instrumen t w il l detect the
difference between pure cofi

'

ee and chicory . Its

practical application , however , is very doubtful .
Diag ram, Thermo~El ectr ic —A

diagram in which the thermo-electric power
between differen t metals is des ignated for
differen t temperatures .

T he differences of poten tia l, produced by the
mere con tact of two meta ls

,
varies, not onl y w ith

the kind ofmeta ls , and the phys ica l s ta te of each
meta l, but a lso w ith their tempera ture. This
difference of poten tia l , ma in ta ined in couse

quence of the difi
’

erence of temperature between
the junction s of a M er ino-el ectr i c coup le, i s ap .

proximately propor t ional to the differences of

tempera ture of these junctions, i f these di ti
’

erenccs

are not grea t, and i s equal to the product of such

Fn
'
. 1 98. 77cermo-Electr i c Diag ram .

power i s shown between lead and iron
, and lead

and copper. T he numbers at the top of the table
represen t degrees of the cen tigrade thermometer .

Those at the sides represen t the differences of

poten tia l i n mi cro-vol ts .

T he thermoe lectr ic power of the c0pper o iron

couple decreases from the freezing poin t of water,
0 degrees C .

, to a temperature o f degrees
C . , when i t becomes zero. Beyond tha t temper
a ture the thermoe lec tr ic power increases , but in
the oppos i te direction. T he poin t a t which this
occurs i s cal led the neutra lpoint .

Dial Tel egraph
—(See T eleg rapny , D i a l .)

Dial ysi s—T he act of separa ting a mixture
of crys ta l loids and colloids by d iffus ion
t hrough a membrane.

If, for example, the con ten ts of a stomach , in a

case of suspec ted poison ing, be placed in a vessel ,
the bottom of which is formed of a sheet of

parchmen t paper and floated in wa ter, the

crysta llo id or substances capable of cry stall iz

i ng , wil l pass into the water and the colloid , an
uncrysta ll ized jelly-like subs tance, w il l rema in in
the vessel . This process has been used to detect
the presence of poison in the stomach in post
mor tem cases .

Diamagnetic.
-T he property pos sessed by

subs tances l ike b ismuth , phosphorus . ant i
mony. z inc and numerous others , of being
apparen t ly repel led when placed between the
poles of powerful magnets .

When diamagnetic substances in the form of

rods or bar s are placed , as in Fig . 199, between
the po les of a powerful electro-magnet, they
place themselves at r ight angles to the poles , or
a re apparen tly repelled .

Pa ramognet i c substances l ike iron or steel , on
the con trary , come to res t under s imi lar circum
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s tances in a s traight line joining the poles , at

right angles to the posi ti on shown in Fig . 199.

Paramagnetic substances are sometimes called

form-magnet i c, or subs tances magne tic a fter the
manner of iron . This word i s unnecessa ry and

i ll-advised . T he term sz
'

der o-magnetz
’

c, w hich has
a lso been proposed in place of paramagnetic, is
also unnecessary .

Paramagnetic substances appear to concen tra te
the l ines of magnetic force on them ; tha t i s , their
magnetic res istance i s

sma ller than tha t of the
a ir or other medium in

which the magnet i s
placed. They , there .

fore, come to res t w ith
their greatest d imen .

s ions in the direction of

the lines of magneti c
force .

D iamagnetic sub

s tances appear to have
a grea ter magnetic re
s istance than tha t of
the a ir around them.

They , therefore, come

to rest w ith the ir least
dimen sions in the direction of the lines of mag

netic force .

T he difference bet ween paramagnetic and d ia .

ma gnefi c subs tances is genera ll y be lieved to be

due to the varying res istance these subs tances
thus offer to l ines ofmagnetic force as compared
w ith tha t offered by a ir or by a vacuum.

Tyndal l comes to the conclus ion as the resu l t of
extended experimen ta tion : “ That the d iamag ~

netic force i s a polar force, the polarity of dia

magneti c bodies be ing Opposed to tha t of para
magnetic ones under the same conditions of

excitement .
This v iew , however , is not genera lly accepted

by sc ien tis ts .

Diamagnetism i s a lso possessed by cer ta in liqu id
and gaseous substances .

Fig . 1 9Q Ej ect of Pa r a

mag net i sm .

Di amagnet ic Pol ari ty.
—(See Pola r i ty .

D i amag net i c .)

Diamagneti cal l y.—In a diamagnet ic man

ner.

Diamagneti sm.
—A term applied to the

magneti sm of d iamagnet ic bod ies . (SeeD i a

mag n et i c .)

1 60 mm.

Diamagnetism, Weber
’
s Theory of

—A theory to accoun t for the phenomena
of d iamagnet ism.

\Veber’s theory of diamagnetism,
l ikeAmpere’s

theory of magneti sm , supposes tha t magnetic
substances con sis t of origina lly magnetized mole
cules or a toms , and tha t the act of magnetiza tion
cons is ts of polar izing these a toms or molecules ,
or turn ing them in one and the same direction .

Tha t the orig ina l condition of the molecules or

a toms is probably due to the passage of electr ic i ty ,
w hich con tinua lly circulates through their mass,

the a toms be ing supposed to possess per fect con .

ductiv i ty .

Suppose the substance through whose mole .

cules or a toms these curren ts are flow ing be

immersed in a magnetic field . Al l of the mole
cu les or a toms whi ch can tu rn so as to look a long
l ines of force in the r ight direction w i ll have the
curren t flow ing in them thereby w eakened so long
as they rema in in the field . When drawn ou t of

i t, however , these curren ts w il l rega in their nor .

mal s trength .

Suppose now the case of a substa nce , i n which
the curren ts are norma l but weak , immersed in a

strong magneti c field . There may thereby be

e ffected a complete reversa l of the direction of

these curren ts , and others may be produced
which flow in the oppos i te d i rection , and which
wi l l continue so to flow as long as the subs tance
remains in the field. Such currents would then
be sufli crent to expla in the phenomena of diamag .

netic acti on .

An electric curren t produced in a c ir cu it near
w hich a momen ta ry current of electr ic i ty IS sud '

denly brought has now the Oppos ite direction to
tha t w hich produces it , and th i s momentary cur

ren t would tend to produce repuls ion . When ,

s g . 200 . Weber
’

s n ear}, of D i a mag net i sm .

too, the c ircui t i s drawn out of the neighborhood
i n which another curren t i s flow ing, another mo
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Diel ectr i c Constant—(See Constant ,

D i electr i c.)

Diel ectr i c Densi ty of a Gas—(See Gas,
D i electr i c D ensi ty of .)

Di el ectr i c, Pol ar iz ation of -A
molecular s tra in produced in the dielectric Of a
Leyden jar or other condenser, by the attrac
t ion of the elec tric charges on its Oppos i te
faces, or by the electros ta tic stress . (See

Str a in , D i electr i c .)
A term formerly employed in place of

electric d isp lacemen t .
Faraday , in hi s study Of the action of induction ,

in deny ing the pos sib ili ty Of ac tion at a distan ce,
thought tha t the dielectr ic through which induc
tion takes place was polar ized , and tha t in this
way the induction w as transmi tted across the

interven ing space between the inducing and the

induced body ,
by the ac tion Of the con tiguous

parti cles of the dielectric .

T he polar ization Of the glass of a Leyden jar ,
and the accompanying s tra in , a re seen by the
frequen t piercing Of the glass , and by the

r es idua l clza rge of the jar . (See Cli a rge, Res i d

Diel ectr ic Resi stance—(See Res i sta nce ,

D i electr i c .)

Diel ectr i c Stra in .
—(See Str a i n , D i elec

tr i c.)
Diel ectr i c Strength of a Gas .

- (See Ga s ,
D i electr i c Str eng t/z of .)
Diel ectr ic Stress—(See Str ess , D i elec

tr i c .)

Di fi
‘

erence of Potenti al .—(See Poten t i a l ,

D if er ence of .)
'

Difi
'

erent i al El ectr i c B elL—(See B el l ,

D iff er ent i a l Electr i c.)

Di fferential Gal vanometer.
—(See Ga l

v anometer , D ifi
'

er ent i a l .)
Di fferential Inductometer.

—(See Induc
tometer . D zfi

'

er ent i a l .)
Di fferent i al M ethod of Dupl ex Tel eg

raphy .
—(See Teleg r apny , D up lex , D gfi

'

er

ent i a l M et/zod of .)
Di fferential Rel ay.

-(See Relay , D if er

ent i a l .)
Di fferent ial Th ermo-Pi l e.

—(See Pi le,

T /zermo, D i/f er ent i a l .)

Fig . 20 1 . Rea ct ion Coi l Dimmer .

and provided w i th an envelope Of heavy copper .

T he copper r ing , by i ts pos i tion as regards the
choking CO l l , adjus ts or regulates the selfi nduc

ti on of the coil , and consequen tly regu la tes the
poten tia l of the feeders . T he d immer is used in
thea tres or s imi lar s itua tion s to turn the lights up
or t l uw n .

Di fferential Vol tameter.—(See Vol tam
eter ,

Si emens
'

D zfi
'

er en t i a l .)
Di fferent ial l y Wound M otor . ( S e 6

M otor , D ef eren t i a l ly Wound .)

Difl
’

usion , Anodal —Aterm appl ied
to the introduc tion of any drug into the human
body by elec tri c ity.

T he ca taphoretic in troduction of drugs

in to the body. (See Ca tap/zores i s .)

Asponge or other s imilar elec trode, satura ted
w ith a solution of the drug, is connected w i th
the anode of a source and placed over the part
to be trea ted and i ts ka thode connec ted to

another par t of the body in a nearl y direc t l ine
w ith the anode and the curren t pa ssed .

Difl
‘

us ion Creep .
—(See Cr eep , D if ns i on .)

Di ffusion of El ectr i c Currents - (See

Ca r r ent
, D if usi on of

Di fi
‘

ns ion of Li nes of Force—(See For ce
L i nes of D if ns i on of .)

Dimensions of Accel eration.
—(See Ao

celer a t i on
,
D imens i on s of .)

Dimensions ofUn i ts—(See Un i ts , D imen

s ions of .)

Dimi n i shed E l ectr i c Irr i tabi l i ty.
—(See

I r r i taoi l i ty ,
E lectr i c

, D imi n i sn

Dimmer —Achoking coil , employed
in a sys tem of d is tribut ion by converters or

trans formers , for regula ting the poten tial of

the feeders .

T he dimmer cons ists essentially of a choking
coi l wound around a lamina ted r ing of soft iron ,



D io.] 163 .

The reaction coi l or dimmer i s shown in Fig .

-201 . T he choking coi l i s woun d on a r ing of

iron . T he copper shea th i s furn ished w ith a.

'

h andle to permi t i ts pos ition to be readily
c hanged w ith respec t

'

to the corl of insul a ted w ire.

-Alamina ted iron drum i s suppor ted on bear ings
i nside the r ing. When the shea th i s over the
.coil , the coi l offers but a sma l l resistance to the

passage of the Curren t . When aw ay from i t the
s elf-induction of the coi l i s increased.

Dioptre.
-Aun i t of retracting power.

A lens of one dioptre has a foca l length of

.one metre. O ne of two dioptres has a foca l
l ength of 50 cen timetres ; on e of four d ioptres
2 5 cen timetres. This i s a lso spel led d i opfi y .

Dioptr ic.
-Rela ting to dioptrics .

Di optr i cs.
—T he science w hich trea ts of

the refract ion of l ight .

Dioptr y .
—Aword somet imes used for d i

.optre. (See D i op tr e.)

Dip , M agnet ic —T he devia t ion of a
'magnetic needle from a true horizon ta l pos i
'

t ion .

T he incl ina t ion of the magnet ic need le to
w ards the earth .

T he magnetic needle shown in Fi g . 202
,
though

Fig . 2oz . Ang le of Dz} .

s upported a t i ts cen tre of gravity , w il l not retain
a horizon tal posi tion in a l l places on the earth’s
s ur face .

[Dip.

In the northern hemisphere i ts norm-seeking
end w ill dip or incl ine a t an angle B O C , ca lled
the a ng le of a

’
ip . In the southern hemisphere

i ts south seeking end w il l dip .

T he cause of the dip i s the unequa l d is tance of

the magneti c poles of the earth from the po les of
the needle.

T he magneti c equa tor i s a c ircle passing
around the ea rth midway (in in tens ity ) between
the earth’s magnetic poles . There i s no dip a t

the magnetic equa tor . At e ither magnetic pole
the angle of cl i p i s 90 degrees .

Di p, or Incl inat ion , Angl e of

T he angle w hich a magnet ic needle, free to

move in both a vert ica l and a horizontal p lane,
makes w ith a horizontal l ine pas s ing through
i ts poin t of support .
T he angle of cl ip of a magnetic needle.

(See I ncl i na t i on , Ang le of .)
Dipl ex Tel egraphy .

—(See Teleg r apny ,

D ip lex .)

Di pp ing
—Ah electro-metallurgi cal process

w hereby a depos i t or thin coat ing of meta l
i s obtained on the surface of another metal
by dipping it in a readily decomposable
metal l ic sa l t .
C leans ing surfaces for electro-plating pro

cesses by immers ing them in various acid

l iquors .

Dipping, B r ight D ipp ing in acid

l iquors for the purpose of obtain ing a bright
electro-metal lurgical coa ting.

Di pping Ci rcl e
—(See Ci r cle, D ipp i ng .)

Dipp i ng, Dead
—D ipp ing in acid

l iquors for the purpose of obta ining a dead or

unpol ished surface on an elec tro-metallurgical

coa t ing.

Di pp ing, El ectro-M etal l urg ical
Aprocess for obta in ing an electro-meta llur

gica l depos i t on a meta l l ic surfa ce by dipping
it in a solut ion of a readily decomposab le

meta l l ic sa lt .
A bright, pol ished iron surface, when s imply

dipped in to a solution of copper-sulpha te, re

ce ives a coa ting of metall ic copper from the elec
t roly tic action thus set up.

This process i s known techn ically as cl ipping .

T he term dipping i s a
l
so u sed i n electro-meta l

lurgy to.
indica te the process of c lean ing the
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articles, tha t are to be electro-plated, by dipping
them in various acid or a lka l ine ba ths.

Di rect Current—(See Cur r en t , D i r ect .)

Di rect-Current El ectr i c M otor .
— (See

M otor , Electr i c, D i r ect Cur r en t .)

Di rect El ectromoti ve Force.
-(See For ce,

Electromot i v e, D i r ect .)

Di rect Exci tat ion—(See
D i rect .)
Di rect-Induced Current—(See Cur r en t ,

D i r ect-1 nduced .)

Di rect, or B reak-Induced Current

-(See Cur r en t , D i r ect . Cur ren t , B r eak
“

I nduced .)

DirectWork ing.
—(See Worki ng , D i r ect .)

Di rect ion , Negat i ve, of El ectr i cal Con
vection of Heat —Ad irect ion in w h ich
hea t is transmi tted through an unequa l ly
heated conductor by elec tric convect ion ,

during the pas sage of elec trici ty through the
conduc tor, Oppos ite tha t of the current . (See
H ea t , Electr i c Con

'
oect i on of .)

Di rect ion of Li nes of Force.
—(SeeFor ce,

L i nes of , D i r ecti on of .)

Di rect ion , Posi ti ve, of El ectr ical Con
vection of Heat —A d irect ion in

wh ich hea t is transmit ted through an un

equa lly hea ted conduc tor by e lec tric convec

t ion , during the passage of elec trici ty through
the conduc tor, the same a s tha t of the cur

rent. (See Hea t , Electr i c Connect i on of .)

Di rect ion , Posi t i ve, Round a Ci rcu i t

—In a plane c ircui t looked a t from
one s ide, a d irect ion Oppos ite to tha t of the
hands of a c lock .

Ex ci ta t i on ,

This is a conven tion which has been made in
order to conven iently c mnect the d i rec tion of the

electromotive force p roduced by induc tion , w i th
the direction of the induction .

Di rect ion , Posi ti ve, Through a Ci rcui t
—In a p lane c ircui t , looked a t from

one s ide, a d irec t ion through the c ircu i t away
from the observer.

Direct ive Tendency of M agnetic Needl e.—(See Needle, M ag n et i c, D i r ect i v e T en

d eney of .)
Di sc . Arago’s —A d isc of copper

1 6 1 [Di s.

or other non—magnet ic metall ic substance,
w hich, w hen rap id ly rota ted under a mag
netic needle, supported independen tly of the
d isc , causes the need le to be deflec ted in the
d irection of rotation , and , w hen the veloc ity
of the d isc is suffi ciently great , to rotatew ith it .
Such disc i s shown in Fig. 203 at b. T hemove

as w ill be seen ,
so as to cut the l ines of magnetic

force a t r ight angles .
T he difference of poten ti al genera ted by the

motion of such a disc may be caus ed to produce
a curren t, by provid ing a c ircu i t w hich i s com

pleted through the por tion of the disc tha t at any

Fig . 203 . Ar ag o
'

s Di sc .

ment of the needle is due to electr ic curren ts , in c

duced by the disc moving through the field of the

needle so as to cut i ts l ines of magnetic force. T o

obta in the best results the disc must move very
rapidly , and should be near th e needle. M ore

over , the needle shou ld be powerful .
This effect was discovered byArago, in 1824.

Since a magnetic needle moving over a meta llic
plate produces e lectr ic curren ts in a direc tion .

which tends to stop the motion of the needle
, a

damping of the motion of a magnetic needle i s ,

sometimes effected by causing i t to move near a

meta l plate. T he induced curren ts , w hich the

needle produces i n the plate by i ts motion over i t
,

tend to retard the motion of the needle. (See;

Damp ing . Law
,
Len z ’s . )

Di sc Armature—(See Arma tur e, D i sc .)

Di sc, Faraday
’
s —A meta l lic d isc

movab le in a magnet ic fiel d on an a xis
para l lel to the direction of the field .

Such a disc i s shown in Fig . 204 , and moves r
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s ingular , the luminous s tream i s not a t al l easi ly
d eflected by the approach of a conducting body .

“At this s tage the streams seemingly pass w i th
the grea test freedom through cons iderable thi ck
nesses of insulators , and i t i s par ticu lar ly interest
ing to study their behavior. For this purpose i t
i s convenient to connect to the terminals of the

coi l two metallic spheres
, which may be placed at

a ny des ired distance (Fig. Spheres are pref.

'erable to pla tes, as the discharge can be be tter
observed . By inserting dielectr ic bodies between
the spheres, beauti ful discharge phenomena may
b e observed . If the spheres be quite c lose and a

s park be playing between them,
by in terposing a

thin plate of ebon i te between the spheres the
spark instan tly ceases and the discharge spreads
into an intensely luminous c ircle severa l inches in
d iameter , provided the spheres a re suffi cien tly
large. T he pas sage of the stream heats , and

,

a fter a while, softens the rubber so much that two

Fig. 208. Lum inous D i s c lza rg e w i th In terposed

p lates may be made to s tick together in this man .

n er . If the spheres are so far apart tha t no spark
o ccurs, even if they are far beyond the s tri king
dis tance, by inserting a thick pla te of g lass the

[ discharge is instantly induced to pass from the

s pheres to the glass in the form of luminous
s treams . It appears a lmost as though these

s treams pass tfiroug/z the dielectri c. In real ity
this is not the case, as the streams are due to the

molecul es of the a ir which are violentl y ag
itated

i n the space between the opposi tely charged Sur .

faces of the spheres.
“ When no dielectric other than a ir is presen t

,

the bombardmen t goes on , but is too w eak to
be vis ible ; by in ser ting a dielec tr ic the induc
tive effect i s much increa sed

, and bes ides, the

projected a ir molecu les find an obs tacle and the

bombardmen t becomes so i n tense tha t the s treams
become luminous . If by any mechan ica l mean s

we could effec t such a violen t agi ta tion of the

molecules we could produce the same phenom
enon . A jet of a ir escaping through a small

hole under enormous pressure and s tr iking
aga in st an insula ting substance , such as g la ss ,
may be lum in ous in the dark, and i t might be
possible to produce phosphorescence of the g lass
or other in sul a tors in this manner.

The greater the specific inductive capaci ty of

the in terposed dielectr ic , the more powerful the
effec t pr oduced . O w ing to this the streams show
themselves w ith excess ively high poten tia ls even
if the glass be as much as one and one-ha l f to two
inches thick . B ut bes ides the hea ting due to bom
bardmen t , some heating goes on undoubtedly in
the dielectric

,
be ing apparen tly greater in g lass

than in ebon ite. I attr ibute th i s to the grea ter
specific inductive capacity of the glass in conse .

quence of which , w ith the same poten tia l differ
ence , a. grea ter amount of energy i s taken up in i t
than in rubber. It is l ike connecting to a ba ttery
ac0pper and a brass w ine of the same d imen

s ion s . T he copper w ire, though a more per fec t
conductor, would hea t more by reason of its tak

ing more cur ren t. Thus wha t i s otherw ise con

s idered a
’ virtue of the glass i s here a defect.

Glass usua lly gives way much quicker than ebo

n ite ; when i t i s hea ted to a certain degree the
discharge sudden ly breaks through a t one poin t,
assuming then the ordinary form of an arc .

Di scharge, Conducti ve Adis

charge effected by leading the charge off

through a conductor p laced in con tact wi th
the charged body .

I Di sch arge, Convec t i ve A dis

charge w h ich occurs from the poin ts on the

surface of a highly charged conductor,
through the repuls ion by the conductor of ai r
part icles t hat in th is manner carry off minute
charges .
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Aconvect ive discharge , though often a ttended
by a feeble sound , i s sometimes ca lled a s i l en t

d i scha rge, in order to disti ngu ish i t from the

noi sy ,
di sruptive di s cha rge, w hich i s a ttended by

a sharp snap, or when cons iderable, by a loud
r eport.
Aconvective discharge is a lso ca lled a g low or

brush d i scha rge. T he la tter i s bes t seen a t the

sma ll button a t the end of the pr ime or pos i t iv e

conductor of a fr ic tiona l electric machine.

T hepos i t ive d i scha rge from a point or sma ll
rounded conductor is a lw ays brush-shaped; the

nega t ive discharge is always s ta r s /taped.

In rarefied gase s , the d ischarge is convec tive in
c haracter and produces var ious luminous eflec ts

of grea t beauty , the color of which depends on
the kind of gas, and the size, shape and ma ter ia l
o f the electrodes , and on the degree of the vacuum.

T hus in the rarefied

s pace of the vessel shown
in Fig . 209, the di scharge
becomes an ovoidal mass
o f l igh t, some times called
the Phi losopher

’
s Egg .

When the discharges
in rarefied gases fol low
o ne another very rapid
ly , a ltern a tions of l ight
and darkness , or s tr a t ifi
ca t ions , or s tr i a

’ are pro

d uced.

T he breadth of the

d ark bands increases as

the vacuum becomes
h i gher . T he li ght por
tion s s tart at the positive
e lec trode, and are hotter
than the dark por ti sns.

The effec ts of luminous F135"209. Di scha rg e i n

convec ti ve discharges are
Ra ’fi ‘d A1"

bes t seen in exhausted g‘ass tubes , ca lled Gain /e,
t ubes , con ta in ing residua l a tmospheres of various
gases . (See Tuhes , Gei s s ler . )

Di scharge, Dead-B eat A non

oscilla tory discharge. (See D i scha rg e,

O sci l la tory .)
Di scharge, Di srupt i ve —A sudden ,

and more or less comp lete, d is charge t ha t
takes place acros s an in terven ing non-con

‘

ductor or d ielec tric.

Amechan ical s tra in of the dielectric occurs ,

which s udden ly breaks down as it w ere and per

mits the discharge to pass as a spark, or rapid
success ion of Sparks .

In a ir , th e Spark , w hen long, generally takes
the zigzag pa th , as shown in Fig. 210.

T he sparks produced by disrupti ve discharges
consis t of hea ted gases,

together w i th portions of
the conductor tha t are

vola ti lized by the hea t .
The di schargeq

‘
a l cjf

denja r or condenser may
be disruptive, as when
the discharging rod i s

held w ith one knob con

n ected w i th one coating,
and the other near the

other coa ting . It may
be gradual, as when the

two coa tings are a lter
n ately connected w ith the
ground . T he discharge
of a Leyden jar as , in
deed, the disruptive di s .

charge in general, is as

T he s tr ess i s often suf

fici ent to pierce the glass .

Di scharge, Dura

ti on of T he

t ime required to effect a complete disruptive
dis charge.

D ischa rg e.

T he disruptive discharge is not instan taneous ;
some time is required to efl

'

ect i t. Estima tes of

the dura tion of a fla sh of lightn ing based on the
duration of a Leyden jar discharge, a re m is lead
ing from the enormous difference in the quan tity
and the poten tial in the two cases . T he fact that
the disruptive discharge i s osci llatory and consists
of a n umber of discharges taking place in a lter .

n ately oppos ite directions show s that the discharge
i s not ins tantaneous .
Leyden jar discharges , are, howev er, aecom

pli shed in very sma ll periods of time.

Di scharge, Fl ami ng —T he w h ite
and flaming arc-l ike d ischarge tha t occurs

between the terminals of the secondary of an

induc t ion coil , w hen , w ith a grea t number of
a l terna t ions per second , the curren t through
the primary is increased beyond tha t required
for the sens it ive-thread discharge. (See D i s

cha rg e, Sensi t i v e Thr ea d .)



Di s.)

According to Tesla the flaming discharge is
bes t produced when the number of a lterna tions is
not too grea t and cer tain re ation s be tween ca

pacity , self-induction and frequency are observed.

These relations mus t be such as w i ll permit the
flow through the c ircui t of the maximum current,
and thus may be obta ined w i th w ide varia tions in
the frequency . T he flaming discharge develops
Cons iderable hea t, and i s character ized by the

absence of the shr il l note accompanying less pow
erinl discha rges . Thi s is probably due to the

enormous frequency .

Some idea of the flaming discharge may be had

from an inspection of Fig. 21 1 , taken from Tesla .

—A form of con

(See D i scha rg e, Cou
Di scharg e, Gl ow

vective discharge.

vect i ve.)

Di scharge, Impul si ve —A dis

charge produced in conduc tors by sudden ly
created differences of poten tial .

Impulsive discharges are influencedmore by the
inductan -e of a conductor than by i ts true ohm ic
resistance . (See I nductance. Res i s ta nce, O hmi c . )
Ama ss of guncottm s imply i gn i t sd i n the

open a ir , p rodu :cs but li ttle effect on any resisting
object placed below i t . If, how ever , i t be rapidly
ign i ted by means of a detona tor , and i s thus fi red
wi th much grca ter rapidity , i t may sha tter any .

thing placed benea th i t .
In a s i n i l ar manner , a rapidly discharged cur

rent , or impuls ive discharge , p roduces , through th e
induc tance of the conductor , a se r ies of effects
somewha t s imilar to the above , in which a grea t
impedance i s produced by a sudden change of

di rection .

Discharge, Induced Currents, E ffects
Produced by —Va rying c lasses of

effec ts produced by the d ischarg es of induced
curren ts .

[Di s.

T he effects produced by discharges of induced
currents ar e c lassified by Fleming as fol lows :

Effects depending on the en tire quan ti ty of
the discharge.

a . Ga lvanometr ic effects.
If the need le of the ga lvanometer has a period

or time of osci lla tion tha t is long, a s compared
w ith the time of dura tion of the discharge, the s ine
of

'

one-ha lf the angle of deflec tion is proportiona l .

to the whole quan tity of th e discharge.

h. Electro-chemica l effec ts .

The quan tity of an electrolyte broken up is

propor tiona l to the quan tity of electr ici ty which
passes through it.

Effects depending on the average o f the

square of the curren t s treng th a t ariy ins tan t dur
i ng the discharge.

a . Hea ting effects .

T he ra te of dis _ ipa tion a s hea t
,
according to

Jou le ’s law , is proportiona l to the square of the

curren t strength pa ss ing .

h. Electro-dynam ic effects.
When a discharge passes through a c ircui t,

par t of which i s fi xed and pa rtmovable, the forces
of a ttraction and repuls ion which take place be
tween f item a t any instan t a re proportiona l to
the square of the curren t strength .

Effects depending on ra te of change of

the curren t.
a . Physiologica l effects .

T he effec t of the discharge in produc ing physi
ologica l shock increases W i th the suddenness of

the discharge. O f two discharges w h ich reached .

the same maxima tha t w hich reached i t fi rst
‘

would

p roduce the greates t physiologica l effect. Recen t .

investigations by Tesla and o thers w ou ld appear to
partly disprove the above sta temen t.
5 . Telephon ic effects.
T he telephone, like the body of an an ima l , i s

affected more by the ra te of change than by the
curren t strength a t any ins tan t.

c. M agnetic eff ects .

Rayleigh h as shown tha t themagnetic effects of
the discha rge depend upon the maximum current

strength dur ing the discharge, or upon the in i tial
c urren t s trength, in ca ses where the current dies
away gradua lly . Since the time requ ired f or the
permanen t magnetizing of a s teel w ire i s small
co npared w ith the dura tion of the induced cur

rent, the am run t of magnetism acquired depends
essentia lly on the in itia l or maximum curren t
s trength dur ing the discharge , irrespec ti ve of the

t ime du r ing which sa id discharge lasts .
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The disruptive discharge of a Leyden jar , or

condenser , is not effected by a s ingle rush of elec
trici ty . When discharged through a compara
tively sma ll res is tance , a number of a l terna te
par tia l discharges and recharges occur , which
produce true osci l l a t ions or undul a tory di scha rges .

T hese oscilla ti ons are cau sed by the induct ion
of the di scha rge on itsel f, and are s imilar to the

self-induc tion of a curren t.
T he existence of the osc illating discharge in the

case of a Leyden jar or conden ser , proves, in the
opinion of some, tha t e lectr ic ity , taken a long
w ith matter, possesses a property simil ar to

inertia .

Di scharge, Osc i l l atory —A term
sometimes used for an oscilla ting discharge.

(See D i scha rg e, O sci l la t i ng .)

Di scharge, Per iodic An electric
discharge which changes its d irec t ion at reg

ular interva ls or per iods .

An a l ternating discharge.

Di scharge, Per i odical l y-Decreas i ng
—An oscilla t ing discharge w hose decrease is
periodic . (See D i scha rg e, O sci l la t i ng .)
Di scharge, Sensi ti veoThread —T he

thin ,
thread-l ike discharge tha t occurs be

tw een the termina ls oi the secondarv of an ih
duction coil of high frequency.

The sens itive-thread discharge occurs , accord
ing to Tesla , when the number of alternations per

Fly . 2 1 3 . Sens i ti ve Th r ea d Di scha rg e ( Tbs
-la ).

second is high and the Cur rent through the

pr imary sma ll . This discharge has the form of

a thin ,
feebly colored thread. Though very sen s i

tive, being deflected by a mere brea th
,
i t is never

theless qu ite persisten t, if the termina ls be at

one-th ird of the str iking distance apa rt. T esla
ascribes its extreme sensitiveness , w hen long, to
the motion of suspended dus t part icles in the a ir.

The general appearance of the sens i ti ve-thread
discharge is shown in Fig . 213 , taken from Tesla.

1 70

Fig . 21 4 . St r ea m i ng Di s cha rg e Tes la ) .

them. T he streams not on ly pass between the

termina ls , but a lso issue from a ll p oin ts and p ro

Di scharge, Si l ent —A name g iven
to a convec tive discharge in order to dis tin

guish it from the more noisy disruptive dis
charge.
T he convective discharge in rea lity is a tten ded

by a feeble sound
,
wh ich, however , is quiet when

compared w ith the more pronounced sound of the

disruptive discharge. (See Di scha rge, Com/ec

t i v e . )

Di scharge, Strat i fi ed T he form

of a l ternate l ight and dark spaces assumed by
the discharges of an induc t ion coil through a

partia lly exhaus ted gas . (See Tuhe, Strat i

fi ca t i on .)
The striae are expla ined by Cur ti s as follows :

“ Under the influence of the e lectri c rhythm of

the rapidly fol low ing discharges the molecules

of the residua l gas collect in alterna tely dense
and rarefied spaces. T he light bands correspond to
the spaces where the molecules a re compara tive ly
crowded together , and

‘

their concomitan t fr ic tion
produces the luminous disturbance. T he dark
spaces are where the molecu les are further apart,
and where thei r ~ col l isions are con sequen tly less
frequen t. ”

Di scharge, Streami ng Aform as

sumed by the flaming d ischarge between the

termina ls of the secondary of an induct ion
coil w hen the frequency of the al terna t ions
increases beyond a certa in l imi t, and the

potent ia l has consequently increased.

T he streaming discharge par takes of the genera l
characteristics of the flaming discharge. Lum i .
nous streams pass inabundance, not on ly between
the termina ls of the secondary , but, according to
Tesla , who has carefully studied these phe

nomena, between the pr imary and the secondary ,
through the insula ting dielectr ic separating

“
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iection s , as wi ll be seen from Fig. 214, taken from
Tes la .

When the s treaming discharge reaches a cer

ta in higher l imi t i t becomes a br ush-a nd spray
discha rge. (See D i s cha rge, B r us h-a nd-Spr ay . )
The s treaming discharge obtai ned from an in

duction coil w ith high frequenc ies differs from tha t
of an elec trostatic machine in tha t i t neither pos
sesses the violet color of the positive static d is
charge nor the br ightness of the nega tive, but i s
in termediate in color .

Di scharge, Surg i ng —Aterm some

times app lied to an os cilla tory d ischarge. (Sec

D i scha rg e, O sci l la tory .)

Di scharge, to El ectr i cal l y —T o
equal ize differences of poten t ia l by connect ing
them by means of a conduc tor.

Di scharge, Undul atory -A dis

Charge, the s trength and d irection of w h ich

gradua l ly change. (See Cur r en ts , Undu

Di scharge, Un i di rectional —An
electric discharge which takes place from the

beginn ing to the end, in one and the same di

rection .

Di scharg e, Vel oc i ty of T he t ime
required for the passage of a discharge
through a g iven length of conduc tor.

According to modern view s i t i s the ether sur

roundi ng the w ire or conductor which conveys
the elec tric pulses . Al l the energy which gets in to
the conductor i s d iss ipa ted as hea t .
T he veloc ity of propaga tion of discharge of the

pulses produced by the osc illa ting discharge of a

Leyden jar through the in ter a tom ic or inter
molecu lar ether , i .e . through the fixed etherw ithin
diti

’

erent substances , var ies w ith the substance .

Through free ether the velocity is tha t of li ght, or
miles a second .

The veloc ity of discharge through long con

ductors or« cables i s much lessened by the capa ci ty
of the cable, and the e fi ects of i nduct ion , and w il l
therefore vary in differen t ca ses . (See Reta rd

a tion . )

Di scharger , Un i versal —An appa
ra tus for send ing the d ischarge of a pow erful
Leyden ba t tery or condenser in any des ired
direc tion .

T he un iversa l discharger con sists essentially of

[D

meta ll ic rods , supported on insulated pil lars and

capable of ready motion , both towards and from
one another

,
a s w ell as in ver tical and horizon .

ta l p 'anes . T he object whi ch i s to receive the

discharge is placed on an insula ted table between
the rods , and the la tter connec ted wi th the

Opposite coa tings of the ba ttery or condenser ,
w hen the discharge passes through it .
T he term un iversa l discharger i s sometimes ap

p lied to the di scharging tongs .

Dischargi ng , El ectr ical l y —T he
act of equa l iz ing d ifferences of potential by
connec tion w ith a conduc tor.

Di schargi ng Rod—(See Rod, D i scha rg
i ng .)
Di scharg ing Tongs—(See Tong s , D i s

cha rg i ng .)
Di sconnect—T o break or open an elec tric

c ircui t .
Di sconnecter .

—Akey or other device for
open ing or breaking ac ircuit .

Di sconnect i ng .
—T he act of Open ing or

breaking an elec tric c ircuit .

Disconnect ion .
—Aterm employed to des

ignate one of the variet ies of faults caused

by the acc idental breaking or d isconnection

of a circuit .
D isconnections of this kind may be

( I . ) Tota l ; as by a sw itch inadver ten tly left
open ; or by the acc iden ta l breaking of a par t of
the c ircuit.

Pa r t ia l ; as

'

by a dir ty con tact ; a loose, or
badly soldered ‘

joint ; a poorly c lamped binding
screw ; a loose termina l , or a bad earth .

ln termi tten t a s by sw inging joints , a l ter
n a te expans ions or con trac tions on changes of

tempera ture ; the collection of dus t and dirt in dry
weather , and their w ashing out in wet wea ther .

Disconnection , Intermi ttent

Any faul t in a l ine w h ich occurs a t in tervals
or intermittently .

Di sconnection , Part i al —A partia l
faul t in a l ine caused by any imperfec t con
tac t .

Di sconnection , Total —A faul t in
a l ine occas ioned by a comp lete break in the
Circuit .
Di sgui sed El ectr ic i ty. (See Electr i ci ty ,

D i sg u i s ed . )
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Di sjunctor .
—Adev ice employed in a sys

t em for the dis tribution of electric energy by
means of continuous curren ts by condensers ,
for the purpose of periodical ly revers ing the
cons tant current sen t over the l ine. (See

E lectr i ci ty , D i str i but i on of , by Con t inuous

Cur rent by M ea ns of Condenser s .)

Di spersion Photometer. (See Photome

ter , D i sper s i on .)

Di spl acement Current—(See Cur r ent ,

D i sp la cemen t .)

Di spl acement , El ectr ic —Adisplace
men t of electricity in a un iform and non

crys tall ine dielectric w hen l ines of electro
s tat ic or magnetic force pass through it .
T he quan tity of elec tricity d isp laced in any

homogeneous , non-crys tal lizab le d ielectric ,
by the ac tion of an elec tri c force through
the unit area of cross-section , taken perpen

dicular to the direction of the electric force.

Electric displacemen t is produced under an

elastic stra in , which continues on lywhi le the elec
tric force i s acting .

Di spl acement, El ectr i c, Li nes of

Lines of electric induct ion a long wh ich elec

tric displacemen t takes place.

Di spl acement , El ectr i c, O sc i l l atory
-A d isplacemen t of electricity in a di

electri c or non-conduc tor of an oscil la tory
character.

Di spl acement, El ectr ic, Theory of—A theory w h ich regards the electricity

produced on an insula ted conductor, by in
duction through a d ielec tric , as d isplaced out
of the dielectric on to the conductor, or into
the d ielectric from the conductor, by the in

fluence of the electric force.

This conception w as in troduced in to sc ience by
M axwell , a fter a careful study of Faraday ’s den ia l
of action at a distance .

Suppose a smal l in sulated Sphere to receive a

charge of electricity Q . It w ill , by induction ,

produce an equal and oppos ite charge Q , on

the inner surface, and a s imilar charge on the

outer surface of the sma l l hollow sphere, placed
near i t, but separated by the dielectric . There
has , therefore. been a displacement of electri ci ty
through the dielectri c. The medium of the

2 [Di s.

—The dis tanc e

dielectr ic has connected the two bodies, and the

phenomena have appeared by the action of the

e lectr ic force on the substance o f the dielectr ic ;
or

,
in other words , there has been no action at

a distance.

According to th is conception , an electr ic cur

ren t, called a displacemen t curren t, exists in the

dielectr ic, w hile displacemen t is taking place.

Di spl acement Waves—(See Wav es , D i s

p la cemen t .)
Di srupti ve El ectr i c Conduct ion—(See

Conduct i on , E lectr i c , D i sr upt i v e.)

Di ssimul ated or Laten t El ectr i c i ty .

(See Electr i c i ty , D i ss imula tea
’
or L a ten t .)

Di ssi pation O f Charge.
—(See Cha rg e,

D i ssziba t i on of .)
Di ssi pation of Energy.

—(See En ergy ,

D i ss ipa t i on of .)

Di ssi pation of Energy , Hysteresi al
—(See Energy , Hy ster es i a l , D i ss ipa t i on of .

Hy steres i s .)
Di ss i pat ion , Spec i fi c Hysteres i al

T he spec ific los s of energy by hys teres is in
the case of a part icular subs tance . (See

Hy ster es i s .)
Di ssoc i ate.

—T o separa te a compound sub

s tance into its cons t ituen ts .

Di ssoc i at ion .
—T he separa tion of a chemi

cal compound into its constituen t parts .

Di ssymmetr ical Induction of Armatur e.

—(See Arma tur e, D i ssymmetr i ca l I nduc.

t i on of .)
Di ssymmetr i cal M agneti c Fi el d—(See

Fi eld, M ag net i c , D i ssymmetr i ca l .)

Di ssymmetry of Commutat ion—(See
Commuta t i on , D i ssymmetry of .)

Di stance, Cr i tical , of Lateral Di scharge

Through an Al ternati ve Path —T he
dis tance at wh ich a d ischarge w il l take p lace
through an a ir space of gi ven d imen s ions , in
preference to pass ing through a metal l ic c ir

cui t of compara tively small res is tance.

Di stance, Expl osi ve —Aterm some

times employed for sparking dis tance. (See

D i stance, Sj arhz
’

ng .)

Distance, Spark ing
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Dou b 1 e-B reak Kni fe Swi tch—(See
Sw i tc/t , Double-B r eak Kn ife.)

Doubl e-Carbon Arc Lamp .
—(See Lamp ,

Electr i c Arc ouble-Ca rbon .)

Doubl e-Cone Insul ator .
—(See I nsula tor ,

D ouble Cone.)

D 0u b l e Connector .
—(See Connector ,

D ouble.)
Doubl e-Contact Key .

—(See Key , D ouble

Conta ct .)
Doubl e-Cup Insulator.

—(See I nsula tor ,

D ouble-Cup .)
Doubl e-Curb.

—(See Curb, D ouble.)
Doubl e-Cur b Signal ing.

—(See S igna l i ng ,

Curb, D ouble.)

Doubl e-Current Signal ing.
—(See S igna l

i ng , D ouble-Cur r ent .)

Doubl e-Current T ransl ator.
—(See Tr a ns

l a tor , D ouble-Cur r en t .)
D ou b l e Cu r r ent Transmi tter.

—(See
Tr ansmi tter , D ouble Cur r ent .)

Doubl e-Current Work i ng —T he
employment , in sys tems of telegraphy, by
means of suitable keys , of currents from
voltaic bat teries , in a l terna tely oppos ite
directions , thus increas ing the speed of

s ignaling . (See Work i ng , Rev er se-Cur r ent .)
Doubl e-Fl uid El ectr i cal Hypothesi s.

(See E lectr i ci ty , D ouble-Flu id Hypotnes i s

Doubl e-Fl uid Vol taic Cel l .—(See Cel l ,

Doubl e-M agnet Dynamo-El ectr ic M a

ch ine.
—(See M a cb i ne, Dy namo

-E lectr i c,

D ouble-M ag net .)
Doubl e-Pen Tel egraph i c Regi ster .

—(See
Reg i ster , D ouble-Pen , Teleg r ap izi c.)
D ou b l e-Refract iom—(See Ref ra ct i on ,

D ouble.)
Doubl e-Refract ion, El ectri c.

—(See Re

f r a ct i on , D ouble, Electr i c.)
Doubl e-Shack l e Insul ator .

—(See I nsu la
tor , Double-Sba cble.)
Doubl e-Shed Insul ator.—(See I nsula tor ,

D ouble-Sit

Dro.

Doubl e-Tapper Key .
—(See Key , D ouble

Tafiper .)

Doubl e-Touch , M agnetizat ion by

Amethod for producing magnet izat ion by
the s imultaneous touch of two magnet poles .

(See M ag n et i za t i on , M et/zoa
’
s of .)

Doubl e-Transmi ssion.
—(See T r ansmi s

s i on , D ouble.)

Doubl e-T rol l ey.
—(See T rol ley , D ouble.)

Doubl er of El ectr i c i ty.
—An early form of

cont inuous electrophorus . (See E lectr o

finorus .)
Dr if ti ng Torpedo.

—(See Torpea’o, D r if t
i ng .)

Dr i l l , El ectro-M agnet ic —A drill
appl ied especially to b las ting or min ing opera
t ions , opera ted by means of electric ity.

Dr i p Loop.
—(See Loop , D r zlo.)

Dri ven Pul l ey .
—(See Pu l ley , D r i v en .)

Dr i ven Shaft—(See Sbaf i , D r i v en .)

Dr i ving Pul l ey .
—(SeePu l ley , D r i v i ng )

Dr i vi ng Shaft—(See Skaf t , D r i v i ng .)

Dr i vi ng Spider.
—(See Sp i der , D r i v i ng .)

Drop , Annunci ator —A movable
s igna l Operated by an electro-magnet , and

p laced on an annuncia tor, the dropping of

which indica tes the clos ing or opening of the

c ircui t w i th w hich the elec tro-magnet is con
nected.

T he fa ll ing of the drop may be a ttended by the
sounding of a bel l or other a larm, or , i t may g ive
a s ilen t indica ti on .

Drop , Annunciator , Automat ic
drop for an annunc ia tor, w hich on the clos ing
of a c ircu it , falls and holds the c ircuit c losed
un til the drop is ra ised .

Drop , Annunc iator , Gravi ty —A
drop for an annunc iator, ac ted on by gravity
w hen relea sed by the movement of the arma

ture of an elec tro-magnet .

Drop , Automat ic —Adevice for au

tomat ica lly c los ing the circuit of a bell and

hold ing i t closed unt il s topped by resett ing a

drop .
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The automa tic drop is espec ia lly applicable to
b urglar a larms . O n the Open ing of a door or

.s hutter , the clos ing of the circui t moves the

a rma ture of an elec
t ro -magnet, and ,
’

by the fa ll ing of a

-drop
,
c loses the c ir

-c u it and holds i t
.c losed un til me

c han ical ly opened
'

by the replac ing of
-
the drop . The

g enera l appearance
.o f the automa tic
.drop i s shown in

.Fig. 21 5 .

Drop, Cal l ing

An an

n unciator drop employed to indicate to the

O pera tor in a telegraph ic or telephonic sys tem
tha t one subscriber w ishes to be connec ted
w ith another.

Drop of Potent ial
—(See Potent i a l , D r op

Fig . 2 1 5 . Automa ti c Dr op .

Drops, Cl ear ing Out —Res toring
the drops of annunc ia tors to their normal

p os ition af ter they have been thrown out of

the same by the clos ing of the c ircu i ts of their
magnets .

These c lear ing-out devices a s placed on mos t
forms of annuncia tors are genera l . y mechan ica l in
opera tion .

D r um Ar m a t u r e.
-(See Armatur e,

D rum.)
Drum, El ectro-M agnet ic —Adrum,

used in fea ts of legerdema in , Opera ted by
.an automa t ic elec tro-magnet ic make and

break appa ra tus .

Dry Di sti l l at ion . (See D i st i l la t i on ,

Dry El ectrode.
—(See E lectr ode, D ry .)

Dry Pi l e.
—(See P i le, D ry .)

Dry Vol ta ic Cel l .—(See Cel l , Vol ta i c ,
D ry .)

Dub
’
s Laws—(See L aw s , D ub

’

s .)

Dupl ex Cabl e.
—(See Ca ble, D ujfil ex .)

Dupl ex Cut-Out. (See Cut-out , D up lex .)

[Dim

Dupl ex Fl at Cabl e.
—(See Cable, F la t

D up lex .)

Dupl ex Tel egraphy .
—(See T eleg r apky ,

Dupl exWi re.—(See Wi r e, D up lex .)
Durat ion of El ectr i c Di scharge—(See

D i sc/l a rg e, D ur a t i on of .)

Duration of M ake-Induced Current.

(See Cur r en t , M ake or B r ea k I nduced , D u

r a ti on of .)
Dust Figures, Lichtenberg

’
s

(See F igur es , L i cktenberg
’

s D ust .)
Dyad.

—Achemical elemen t w h ich has two
bonds by which it can un ite or combine w i th
another element.
An element whose a tomicity is biva lent .
Dyeing, El ectr ic —T he app l ica tion

of electricity e ither to the reduc tion or the

oxida tion of the sal ts used in dyeing .

Goppelsroder , in h is processes of el ectr ic dy eing ,
forms and fixes an il ine black on c loth as follows ,
v iz . : the cloth

,
satura ted w ith an an il ine sa l t, i s

placed on an insu la ted metallic pla te, inert to the
an iline sa l t, and connected w ith one pole of a

ba ttery or other electric source. T he other pole
i s connected w i th a metal l ic plate on which the

required design i s drawn . O n the passage of the
curren t, the des ign i s tr aced in an iline black on

the c loth. A minute or two suffi ces for the

Opera tion.

Aspec ies of electrolyti c wri ting i s obtained on

c loths arranged as above by subs ti tu ting a carbon
penc i l for the meta llic pla te. O n w r iting w ith
thi s pencil , a s w i th an ordinar y penc il , the pas
sage O f the curren t so directed i s fo llowed by the
deposition of an il ine black .

By mezins of a somewha t s imilar p rocess wri t
ing in whi te on a colored grou nd i s Obtained .

Dyn ami c El ectr i ci ty .
—(See E lectr i ci ty ,

Dy nami c.)
Dynamics, El ectro —T hat branch

O f elec tric sc ience w hich treats of the ac t ion
of electric curren ts on one another and on

themselves or on magnets .

The pr inciples of electro-dynamics were d is
covered byAmpere in 1821 .

Aconven ien t form of apparatus , for showing
experimen ta lly the ac tion Of one cur ren t on

another , con s is ts o f two upr ight meta ll ic columns



Dru-J

or pill ars
,
which suppor t hori zon ta l meta l lic arms

con ta in ing mercury cups, y, and c , Fi g . 216.

Fig . 2 I 6 . M ed ian of a Ci r cui t by a Curr ent .

T he ci rcui t is ben t in the form of a rec tangle,
circle or solenoid, and termina tes in po ints tha t
dip in the mercury cups . T he curren t is l ed in to
and out of the apparatus at the poin ts and

at the ba se Of the upright supports .

When a magne t, or another c ircu it, i s ap

proached to the movable cir cu it thus provided ,
attra ction s or repu ls ions are produced according
to th e pos ition of the magnet, or the direction of

the curren ts in the two c ircui ts .

If a magnetAB , Fig. 21 7, be placed , as shown ,

Fig . 2 1 7 . Deflect ion of Ci rcu i t by a M ag net.

below the movable c ircui t C C ,
the c ircu it w il l

tend to place i tsel f at r ight angles to the axis of

the magnet. This movement i s the same as

would occur i f electric curren ts w ere c irculating
around th emagnet i n the direc tion c f the as sumed

Amper i an cur r en ts . It a lso i l lus tra tes the prin
ciple of the electric motor .

. (See M agnet i sm, Arn

pe
‘

re
’
s Tbeory of . )
Amperehas given the resul ts of hi s investiga tion s

a s to the mutua l a ttrac tions and repu ls ions Of cur

[Dyn.

ren ts in the follow ing s tatements , whi ch are
known a s Anzpe

‘

re
’

s Laws

Para lle l por tions of a circui t a ttract one
another if the curren ts in them are flow ing in the
same d irection , and

repel one another i f
the curren ts a re dow

ng in Opposite d irec
tions.
A curren t flow ing

through a Spira l tends
to shorten the spiral F’g ‘ 2 1 8“ Ad m” ef SO Im ‘f

from the a ttraction of

the para l le l currents in con tiguous turns .

Similar poles of tw o solenoids repe l each o ther,
a s atA, A

'

, Fig . 218, because, when Opposed to
each o ther , the currents that produce these poles

s . 2 1 9. Amper e
’

s Sta nd .

are flow ing in Oppos ite direc tions , as may be

seen from an inspection of the draw ing.

D issimi lar solenoid poles, on the con trary , at

trac t each other as at A, B , in Fig . 218, s ince

l g
'

. 220. El ectr a-Dy nam i c At t r a ct ion .

the curren ts which produce themflow in thesame:
direc ti on .

'In Fig . 219, a form o fAmpere’s s tand is shown ,

i n which one of the c ircui ts i s in the form of the;
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i
t

magnet. As soon as the curren t passes , the

thread w il l wrap i tself a round the bar magnet ,
one hal f of i t tw isting itself round the north pole,
the other ha l f round the south pole.

T he exper imen t suggested by Professor S.

P. Thompson : An electr ic curren t i s sen t through
a s tream of mercury while i t i s flow ing betw een
two poles of a powerful e lectro-magnet ; when
the cur ren t i s sen t through the magn et, the

stream is tw isted in spira l d irections w hich vary,
e ither w i th the direction of the curren t, or w i th
the d irection of the magnetic polar ity .

Somewha t s imilar e ffects can be shown by
the rota tion of a stream of gas round a magnetic
pole placed in an exhausted g lass rece iver .

Dynam0.
—T he name frequen tly appl ied to

a dynamo-elec tric mach ine used as a gener

a tor. (See M a c/zi ne, Dy namo-Electr i c .)

Dynamo B al anc ing Rheostat .
—(See

Encosta i , Dy namo B a la nc i ng .)

Dynamo-B atter y.
—(See

na nzo.)

Dynamo B rush T r immer .
—(See T r im

mer , Dy namo B rusn.)

B a ttery , Dy

Dynamo, Composi te-Fi el d —A
dynamo w hose fi eld coils are series and

separa tely exc ited .

Additiona l separa tel y excited coi ls placed on

the fi eld of a ser ies wound dynamo render i t self
regula ting .

Acomposi te dynamo i s a form of compounded
dynamo .

Dynamo, Compound-Wound .
—A com

pound-wound dynamo-elec tric machine. (See

M a c/l i ne, Dy namo-Electr i c, Compound

Wound .)

Dynamo, Con tact —Aform of dyna
mo in w hich the space be tw een the arma

ture and field magnet poles is so reduced tha t
they ac tua l ly touch one another .

In con tact dynamos both fi eld and a rmature
revolve . This form of dynamo has not been very
successful in practice.

Dynamo-El ectr ic M ach ine—(See M a

tni ne, Dy namo-E lectr i c .)

Dynamo-El ectr ic M ach ine, Al ternat i ng
Current —(See M a c/zi ne, Dy namo

Electr i c, Al ter na t i ng Cur r en t .)

[Dyn. .

Dynamo-El ectr i c M ach ine Armature.

(SeeArnza tur e, Dy namo-E lectr i c M a c/zi ne.)
Dynamo-El ectr i c M achi ne Armature

Coi l s—(See Coi ls , Arma tur e, of Dy namo

E lectr i c M a c/zi ne.)

Dynamo-El ectr ic M ach i ne Armature
Core.

— (See Cor e, Arma tur e, of Dy n amo

Electr i c M a c/zi ne.)

Dynamo-El ectr ic M achine B attery.

(See B a ttery , Dy namo-El ectr i c M a cb i ne.)
Dynamo-E l ectr i c M achi ne, B i-Pol ar

—(See M a cni ne, Dy namo
-E lectr i c, B i

Pola r .)

Dynamo-El ectr i c M ach i ne, Col l ecting
“

B rushes of —(See B r us/zes , Col lect i ng ,

of Dy namo-El ectr i c M a c/zi n e.)

Dynamo-El ectr i c M achine Commutator
—(See Commuta tor , Dy namo-El ectr i c

M a cb i ne.)
Dynamo-El ectr i c M ach ine,

Wound —(See M a c/zi n e,

E lectr i c , Compound Wound .)

Dynamo-El ectr i c M ach i ne, Generat ion of

Current by See Cur r en t , Gene r a r

t i on of , by Dy namo-El ectr i c M acni n e .)

Dynamo-El ectr ic M ach i ne, Fiel d M ag

nets —(SeeM ag nets , F i eld , of Dy namo

El ectr i c M a clzi ne.)
Dynamo-El ectr i c M ach i ne, M ethods of

Increasi ng the El ectromoti ve Force Gene
rated by —(See For ce, Electr omot i v e,

Gen er a ted by Dy namo-Electr i c M a c/zi ne, .

M et/zod of I ncr ea s i ng .)

Dynamo-El ectr ic M ach ine, M ouse-M i l l , .

Si r Wi l l i am Thomson’
s —(See M a

cai n e, Dy namo-Electr i c, M ouse-M i l l , Si r
‘

W
'

i l l i a rn Tnomson
’

s .)

Dynamo-El ectr i c M ach i ne, M ul t i pol ar '

—(See M a c/zi n e, Dy namo-El ectr i c ,

Compound

Dy namo

Dynamo-El ectr i c M ach i ne, Pol e-Pi eces of

—(See Pole-P i eces of Dy n amo-E l ectr i c

M a oizi ne.)

Dynamo-El ectr ic M ach i ne, Revers ibi l i ty
of —(See M a c/zi n e, Dy na 7no

-El ectr i c, .

Rev er s i bi l i ty of .)
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Dynamo-El ectr i c M ach ine, Var i et ies of

—(See 111 4 0122718. Dy namo-El ectr i c,

Dynamo, Inductor —A dynamo.

electric mach ine for a l terna t ing curren ts in
wh ich the differences of poten tia l caus ing the
curren ts a re obta ined by magnet ic changes in
the cores of the a rma ture and field coils by
the movemen t pas t them of lamina ted mas ses

of iron induc tors .

T he coils corresponding to the arma ture and

field magnets of the ordinary dynamo are sta

tionary . T he lamina ted masses of iron
,
employed

to cause magnetic changes in the cores of the field
and arma ture coi ls , a re fi xed on an inductor wheel
which i s rapidly revolved in fron t of them. T he

magnets corresponding to the field magnets are

ca lled the pr imary poles , and are magnetized by
an exci ter . T he magnets correspondin g to the

arma ture are ca l led the secondary poles and are

placed so as to a ltern a te w ith the pr imary poles .

T he inductors are so shaped tha t they carry the
magnetism of one pole o f th e pr ima ry magnet
to the secondary poles when the inductor i s in
one posi tion , and of the Opposite pole when in a

s lightly d ifl
’

erent pos ition . T he inductor wheel
therefore a cts a s a magnetic commu ta tor and

changes the pos i tion of the secondary magn et as
i t rota tes

,
thus producing e lec tromotive force.

T he number of a l terna tion s per revolution i s

equa l to tw ice the number o f inductors placed on

the inductor wheel.

Dynamo, In verted —A'

dynamo-elec

tric mach ine i n w h ich the a rma ture bore or

chamber is p laced below the field magne t
coils .

T he term inver ted i s used in con tradis tin c tion
to the over type dynamo . (See Dy namo

, Over

Dynamo, M ouse M i l l —A form of

dynamo-elec tric mach ine des igned by Sir

W il l iam T homson to act as the replenisher of
one of his elec trometers . (See Rep len i s/zer .)
Dynamo, M ul t iphase Apolyphase

dynamo. (See Dy namo, Polyp/za se. Dy na

mo, Rota t i ng Cur r en t .)

Dynamo, O vert ype A dynamo

electric machine , the armature bore or cham
ber of w h ich is p laced above the field magnet
coil s ins tea d of below them as in many forms .

[Dyn.

The overty pe form of dynamo possesses the

advan tage of better avoiding magnet ic leakage .

Dynamo, Pol yphase —Aname some

t imes app l ied to a rota t ing curren t dynamo.

(See Dy namo, Rota t i ng Cur r en t .)
Dynamo, Pyromagnet ic —A name

somet imes app lied to a pyromagnetic g en
erator. (See Gener a tor , Py romag net i c .)
Dynamo, Rotar y-Phase —A term

somet imes emp loyed for a. rota ting curren t
dynamo. (See Dy namo, Rota t i ng Cur r en t .)
Dynamo, Separatel y-Exci ted —A

separa tely-excited dynamo-elec tric machine.

(See M a cni ne, Dy namo-Elec tr i c , Sepa r

a tely
-Ex ci ted .)

Dynamo, Ser ies
dynamo-e l e c t r i c
mach ine. (See M a

clzi n e, D y namo

E lectr i c , Ser i es

Wound .)

Dynamo, Shunt
-A shun t

wound dynamo

e lec tric mach ine.

S e e M a clt i ne,

Dy namo Electr i c,

S/zunt Wound .)

Dynamograph.

A term s ome

times appl ied to a

type-w ri ting tele

graph tha t records
the message in

type-w ri tten char
a cters , both at the

s end ing and the

receiving ends .

—A series-wound

Dynamometer .

—Aname given to
a var iety of appar
a tus for measuring

the pow er of an engi ne or motor.

In al l dynamometers the s tra in on the bel t or
o ther moving par t i s measured, s ay in pounds ,
a nd the speed of the moving par t i s a lso measured
in fee t per second. T he product of the stra in in

223 . Pa r sons’
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pounds by the veloc ity in feet per second , di
vi ded by 550, w ill give the hor se power .

O ne of the many forms of dynamometers i s
shown in Fig. 223. It i s known as Parsons’ Dy

namometer .

T he dr iving pu lley i s shown at A, and the

driven pulley a t C . Weights hung a t Q 1 ,
are va

r ied so as to ma in ta in the axes of the suspended
pull eys , D and B , as nea rly as possible a t the

same he igh t. Then the tension T
I
and .

T
, ,

on

the s ides 0 and O
'

,
o f the bel ts , w ill be repre

sented by the follow ing equa tion

2

from which , know ing the bel t speed
,
the horse

power may be deduced .

There are severa l other forms of dynamometer ,
such as the cradle dynamometer , in which the

machine i s supported on kn i fe edges and the

torque or pul l exerted on or by the machine is
ba lanced by w eights s liding on a lever . In these
dyn amometers the pow er is tran smi tted through
them and they a re therefore ca lled transmiss ion
dynamometers .

Dynamometer , El ectro —A form of

galvanometer for the measuremen t of elec tric
currents .

In Siemens’ Electro-Dynamometer , shown in

Fig . 224, there are two coi ls ; a fix ed coil , C , se

cured to an upr ight support, and a movable co il,
L, cons isting often of bu t a s ingle turn of w ire.

T he movable coil i s suspended by means of a

thread and a delica te spring, S, capable of be ing
twisted by turn ing a m i lled screw-head through
an angle of torsion mea sured on a sca le by mean s
of an index connected to the screw-head . T he

two ends of the movable coi l d ip in to mercury
cups so connected tha t the curren t to be measured
passes through the fixed and movable coi ls in
ser ies .

When ready for use the movable co il is at r ight
angles to the fixed coil . T he curren t to be meas

ur ed i s then sen t in to the coi ls , and the ir mutua l
a ction tends to place the movable co il para llel to
the fixed co il aga ins t the tors ion of the spr ing , S.

Th e amoun t of this force can be ascerta ined by
determini ng the amoun t of torsion required to
bring the movable coil back to i ts zero posi tion .

[Dyn

Since the same curren t passes through both the
fixed and movable coi ls, and they both a ct on

each other , the deflecti ng force here is eviden tly
proportiona l to the square of the s trength of

Fig . 224 . Si emen s
’
El ect r o Dy n a mometer .

cur ren t to be measured . T he deflecting force,
and con sequen tly the curren t strength , i s there
fore propor tiona l to the square root of the angle
of torsion

,
and not directly to the angle of tor

sron .

Dyne. T he un it of force .

T he force w hich in one second can impart
a veloc ity of I cen t imetre per s econ d to a

mass of I gramme.

T he dyne i s the un i t of force, or a force capa
ble, a fter acting for one second on a mass of I

gramme , of g iving i t a veloc i ty of I cen time tre
per second . T he w eigbt of a body in dy n es , or the
force w i th which i t gravita tes , i s equa l to i ts

mass in grammes , multiplied by the accelera tion
imparted to i t in centimetres per second . For

this lati tude the accelera tion is abou t 981 cen ti
'metres per second.
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Eddy-Di spl acemen t Currents—(See Cur
ren ts

”

, Eddy
-D i sp lacement .)

Eel , El ectr ic —An eel posses s ing
the power of giving powerful elec tric s hocks .

T he gymnotus electricus .

T he electrici ty i s produced by an organ ex

tending the en ti re length of

the body .

According to Faraday, the
shock given by a spec imen
of the an imal examin ed by
him w as equa l to tha t of 1 5
Leyden jars, having a tota l
sur face of 25 squa re feet.
Fig. 225 show s the genera l
appearance of the anima l .

Effect, Acheson
T he increas e in the electro
motive force of the sec

ondary of a transformer by
the ac tion of the changes
in tempera ture of its core.

(See Electr i ci ty , Ca l .)

Effect, Chemical Eel .

—T he effec t occa sioned by a tomic combina

tion , w h ich results in a loss of those propert ies
or pecul iarities by wh ich the subs tances em
tering into combina tion are ordinarily recog
n ized.

Atomic comb ina tion , resul ting in the for

ma tion of new molecules .

T he forma tion of new molecules necess ita tes the
pos sess ion by the new subs tance of proper ties di s
tinc t and separate from those of i ts consti tuen ts .

B lack carbon ,
and yellow sulphur

,
for example,

both sol ids , un ite chemica l ly to form a trans
paren t color less l iquid.

Chemica l changes differ from physica l changes ,
which la tter can occur in a substance w i thou t the
forma tion of new molecules

, and consequen tly
w ithout the loss by i t of the properties i t ordi
nar ily possesses .

Thus a sheet of vu lcan ite, elec trified by fri ction ,

stil l retains i ts characteristic densi ty, shape, color ,
etc .

Effec t, Counter-Inducti ve -T he

Opposa l of curren t or charge by means of a

coun ter-electromotive force produced by in
duct ion .

[Elli

In the Thomson counter-elec tromotive force
l ightn ing arrester , a counter-elec tromotive force,
produced by the inductive effects of the passage
o f the bol t to ear th

,
protects the ins trumen t by

oppos ing the passage of the bol t. (See Ar r es ter ,
Lightn ing , Counter-El ectromot iv e For ce . )

E ffect, Edi son —Ah elec tri c ‘

dis

charge w h ich occurs betw een one of the ter

mina ls of the incandescen t fi lamen t of an

elec tric lamp , and a meta ll ic p la te p laced near
the fi lamen t but d isconnected therefrom, as
soon as a certa in difference of potent ial is
reached between the lamp terminals .

T he effect of the discharge is to produce a cur

ren t i h a c ircui t connec ted to one pole of the lamp
termina ls and the metall ic plate, as may be shown
by means of a ga lvanometer.

Effect , El ectroton i c An a l tered
condition of excitab i l ity of a nerve produced
w hen in the elec trotonic s ta te. (See Elec
trotona s .)

Effect , Faraday —T he rota tion of

the plane of polariza tion of a beam of p lane
polarized l igh t by its passage through a

magnet ic field.

Lodge sugges ts the follow ing explana tion for

the Faraday effec t : As is w el l known , a strongly
magnetized medium posses ses a differen tmagne tic
susceptibility to additi ona l magnetizing forces in
the same direction than i t does in the opposi te
direc tion . I

"
: therefore fol lows tha t the vibra

tions a re resolved in to two opposed c ircular com
ponents , which travel through the medium w i th
differen t rates of velocity , since one tends to mag

ne tize i t and the other to demagnetize i t. The

plane of rota tion w il l therefore be ro ta ted .

He a lso sugges ts the foll ow ing explana tion for
the Faraday effect, viz. : He a ss umes tha t the
Amperian molecular cu rren ts in such subs tances
as exhibi t ro ta ti on in a magnetic field, do not

consist of two equal and Oppos ite e lectrica l cur .

ren ts , but tha t one of the currents i s slightly
s tronger than the other . Suppose, for example .

tha t in iron the posu ive Amperian curren t is
w eaker than the nega tive, and tha t the ether as
a who le is rota ting w ith the nega tive current.
Any etherea l vibra tion en ter ing such a medium
wi ll begin to screw i tsel f in the d irection opposed
to tha t of the magnetizing current. In copper,
or other s imilar subs tances , the rota tion shou ld
take place in the oppos ite directi on .
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Effect, Ferrant i —An increase in the
electromot ive force, or d ifference of poten t ial ,
of ma ins or conductors towards the end of the
same farthes t from the termina ls tha t are con
nected w ith a source of cons tan t potent ial .
T he Ferranti effect refers to the increase of the

electromotive force on the ma ins employed in
systems for the transmission of electr ica l energy
by means of a lterna ting curren ts . It w as found ,
for example, in the curren ts u sed on the

ma ins connected w ith one of M r . Fe rran ti ’s a l ter .

na ting dynamos and leading to the town of Dept
ford

,
tha t instead of finding a drop of po tentia l at

the ends of the ma ins far thest from the dynamo,
as w a s expected , a notable increase in the poten
tia l occurred . These effects were observed dur
ing the laying of the ma in s . Testing the poten
ti a l by placing an incandescent lamp in the c ircui t
across the ma ins, the increase of the potentia l
w ith the increase of the length of the ma in w as
shown by the increased bri l liancy of the l ight of
the in candescen t lamp .

Var ious explana tions have been given as the

cause of the Ferran t i effect .

Efl
’

ect, Hal l —A transverse elec

tromotive force, produced by a magnet ic
field in subs tances undergoing elec tric dis

placemen t .

This transverse electromotive force is probably

due to magnetic whi rls , in a manner s imi lar to
the Faraday effect .
T he Ha ll effect is produced by placing a very

thin metall ic strip , conveying an electric curren t,
in a strong magneti c field .

T he cross AB C D, Fig . 226
, is cut out of a

[Elli

gold leaf or other very thin meta l lic sheet. T he

ends Aand B , are connec ted w i th the termina ls
of a ba ttery S, and the ends C and D , wi th the
ga lvanometer G .

None of the battery curren t can therefore flow
through the galvanometer .

If, now , the meta ll ic cross be placed in a pow er .

ful magnetic field , the l ines of force of which a re

perpendicular to the plane Of the cross , the deflec
t ion of the ga lvanometer needle w i ll show the

existence of a curren t, which, if the battery cur

ren t flows in the directi on of the arrow ,
or fromA,

to B , and the lines of magnetic force pass through
the paper from the f ron t to the ba ch of the sheet ,
when the cross i s formed of gold , s ilver, pla tinum
or tin-foil , w il l flow through C D , from C to D ,

but in the Opposite direction if formed of iron .

These effects cease if the conductor is increased
in thickness beyond a certa in exten t.
As regards the production of the Hal l effect by

the influence Of a magn etic field on conductors ,
M r . Shelford B idwel l suggests that s ince magnet
i sm a ffects the conductivity of meta ls in a

complica ted manner , i t i s possible tha t meta llic
substances conveying an elec tr ic cu rren t in a

magnetic field are more or less stra ined by the
mechan ica l forces , and tha t, therefore , heat may

be unequally developed
,
and tha t the resis tance

thus being modified in places , there may be pro

duced disturbances of the flow w hich may

rapidly produce in part a transverse electromotive
force .

Effect , Hal l , Real Atransverse elec
tromotive force produced in conduc tors con

vey ing elec tric curren ts , by magnet ic w h irls ,
in a manner s imilar to tha t in w h ich the Far
aday effec t is produced . (See Ej ect , Fa r a

Efl
‘

ect, Hal l , Spur i ous —Ah appa
ren t transverse elec tromotive force produced
in conduc tors conveying electric curren ts in
magnet ic fields , by changes , produced bymag

net ism, in the conduc t ivity of the metals , and

the consequen t produc tion Of loca l d istur
bances in the elec trical flow , thus resul ting
in an apparen t transverse electromot ive force.

Efl
’

ect , Impul sion T he res tora t ion
or loss of sens it iveness of a photo-volta ic cel l

to the act ion of l ight , produced by means of

an impulse such a s tha t of a tap or b low , or

electro-magnetic impulse.
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Effect , Joul e —T he hea ting eff ect

produced by the passage of an elec tric cur
ren t through a conduc tor, aris ing merely from
the res is tance of the conduc tor.

T he rate a t which this occurs i s proportiona l to
the r es i s ta n ce of the conductor through w hich
the curren t i s pass ing mul tipl ied by the squa r e

of the cur rent . (See Hea t , E l ectr i c. )

Effect, Kerr -A term appl ied to

the electros ta tic Optica l effec t d iscovered by
D r. Kerr, v iz tha t a beam Of p lane polarized
l igh t is el l iptica l ly polarized when transmitted
a cross an elec tros ta tic field .

T heKerr effect does not take place in free space
,

but occurs in differen t senses or directions in dif
feren t media .

L ike the Faraday effect , the Kerr effect de
pends on the presence Of a densemedium, and the

d irection of the effect depends on the character of
the medium.

Effect, M ordey
—A term some

t imes appl ied to a decrease in the va lue of

hys teres is in the iron of a dynamo arma ture a t

full load .

Effect , Pel ti er —T he hea ting ci

fect produced by the pa ssage of an elec tric
curren t acros s a thermo-electric junc t ion or

surface of con tac t betw een two differen t met

a ls. (Seejunct i on ,
-Thermo-Electr i c .)

T he passage of the curren t across a thermo
electr ic junction produces either hea t or cold . If

hea t i s produced by i ts passage in on e di r ect ion ,

cold is produced by i ts passage in the oppos i te

di r ect ion . T he Pel tier effec t may , therefore,
mask the joule effect.
T he Pel tier ej ect i s the converse o f the thermo.

electr i c efi
'

ect
,
w here the unequa l hea ting of meta l

lic junctions results i n an electric curren t . (See

Ej ect
, you le. Ej ect

,
Thomson . )

T he quan tity Of hea t absorbed or emitted by
the Pe ltier effec t i s proportiona l to the curren t
strength , and not , as in the Jou le effect, to the

square of the curren t.

Effect, Photo-Vol taic —T he change
in the res is tance of selenium or other
subs tances effec ted by their exposure to

l ight . T he photo-vol ta ic effec t is seen in

the case of the selen ium cel l . (See Cel l ,

Selen i um.)

Effect , Seebeck Aterm sometimes

used instead of thermo-electric effec t. (See
Ej ect , Thermo-E l ectr i c .)
This term has nea rly passed out of use.

Effect, Sk i n T he tendency of al ter
na ting curren ts to avo id the cen tra l port ions
of sol id conduc tors and toflow or pass mos tly
through the superficia l port ions .

T he so-ca l led skin effect i s more pronounced
the more frequen t the a lterna tion s .

Effect, Thermo-El ectr i c —T he pro
duc tion of an elec tromotive force a t a

thermo-elec tric junc t ion by a d ifference of

temperature be tween tha t junct ion and the

other junc t ion of the thermo-electric coup l e.

(See Coup le, Thermo-E lectr i c. 7 ti nct i on ,

Ther n i a-Electr i c .)

Effect, Thomson —T he product ion of

an elec tromot ive force in unequa lly hea ted
homogeneous conduc t ing subs tances .

Aterm a lso appl ied to the increase or de

crease ih the differences of tempera ture in an

unequa l ly hea ted conductor, produced by the
p assage of an electrica l curren t through the

conduc tor.

T he Thomson effects vary a ccording to whether
the curren t passes from a colder to a lo tter par t
o f the conductor , or the reverse .

T he Thomson effec ts differ in direction i n diff er
ent metals , and are absen t in lead . Thomson ha s
pointed out the s imila r ity between this spec ies of

thermo-elec tr ic phenomena , and convect ion by

hea t
,
or the phenomena of .a l iqu id c ircu la ting i n

a closed rect i ngular tube, under th e influence o f

differences o f tempera ture, i n whi ch the hea ted

flu id g iv es out hea t in the cool er pa r ts of the ci r

cu i t , a nd tahes in hea t i n the w a rmer pa r t s .

This would presuppose tha t pos i tive e lec tr ic ity
carries hea t in copper l ike a rea l fluid , but tha t
in iron it acts as though i ts spec ific hea t w ere a

nega tive quan tity, in
'

wh ich respect it is un l ike a

true fluid .

We may express , says M axwell , both the

Peltier and the Thomson effects by sta ting tha t
'

when an electr ic curren t i s flow ing from places of
sma ller to places of grea ter thermo-electr ic power ,

' hea t is absorbed , and when i t i s flow ing in the

reverse direction hea t is generated , and this
whether the d ifference of thermo electr ic pow er
in the two places ar ises from a difference in the
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El ectr i c Absorpt ion .
—(See Absorp t i on ,

El ectr i c Acoutemeter .
—(See Acouteme

ter , Electr i c .)

El ectr i cActi nometer .
—(SeeAct i nomet er

,

E lectr i c .)

El ectr ic Adhes i on .
—(SeeAdhes i on , Elec

t r i c .)
El ectr i c Ag ing of Al cohol .—(See Alco

h ol , E lectr i cAg i ng of .)

El ectr ic Al arm.
—(SeeAla rm, E lectr i c.)

El ectr i c Al arm Speak ing-Tube M outh

.Pi ece.
—(See Speak i

'

ng Ti che Moa th-Pi ece,

E lectr i cAla rm .)

E l e c t r i c Amal gam.
—(See Ama lg am ,

E lectr i c .)

El ectr icAmmun i t ion Hoi st—(See Hoi st ,

Ammun i t i on , E lectr i c .)

El ectr i c Anal ysi s—(See Ana ly s i s , El ec
t r i c .)
El ectr i cAnal yzer .

—(See An a ly z er , E lec

t r i c .)
El ectr ic Anemometer .

—(See An emome

t er , E lectr i c .)
El ectr i c Anneal ing—(See Annea l i ng ,

Electr i c.)
E l e c t r i c Annunci ator Cl ock .

—(See
Cloch, E lectr i c Annunci a tor .)

El ectr i c Arc.
—(SeeAr c , E lectr i c .)

El ectr i c Arc B l ow-Pi pe.
—fSee B low

s ve, E lect r i cAr c.)

El ectr i c Argand B urn er , Hand-Lighter
-(SeeB urner ,Arg a na

’
Electr i c , H a n ci

L ighter .)

El ectr icArgand B urner , Pl ain-Pendant
—(See B ur ner , Arg a nd E lectr i c ,

P la i n-Penda n t .)

El ectr ic Argand B urner , Ratchet-Pend
an t —(See B ur ner , Arg a nd E l ectr i c ,

Ra tchet-Penda n t .)

E lectri c B al ance.
—(See B a la n ce, Elec

t r i c .)
El ectr i c B al l oon . See B a l loon , E lec

tr i c .)
El ectr i c B atter y.

—(See B a ttery , Elec

t r i c .)

El ectr i c B el l , Con t i nuous-Soundi ng
—(See B el l , Con t i nuous—Sound i ng E lectr i c .)

El ectr i c B el l , Di fferenti al—(See B el l ,

D gfi
'

er ent i a l El ectr i c .)
El ectr i c B el l , M echan i cal . —(See B el l ,

Electr a-M echa n i ca

El ectri c B el l Pul l . —(See Pu l l , B el l , E l ec

tr i c .)
El ectr i c B i oscopy .

—(See B i oscopy , E lec

tr i c .)
El ectr i c B i-Pol ar B ath —(See B a t/z, B i

Pola r .)
El ectr i c B l ast i ng .

—(See B la st i ng , E lec

tr i c.)
El ectr i c B l eachi ng—(See B lea chi ng ,

E lectr i c .)

El ectr i c B l ow-Pi pe.
—(See B low-Pine,

E lectr i c.)

El ectr i c B oat—(See B oa t , Electr i c.)

El ectr i c B obbi n .
—(See B obbi n , E lectr i c .)

El ectr i c B ody-Protector . (SeeB ody
-Pr o

tector , Electr i c .)

El ectr i c B oi l er-Feed .
—(See B oi ler-Feed ,

E lectr i c .)

El ectr i c B rand ing .
—(See B r a nd i ng , Elec

tr i c.)
El ectr i c B reeze.

—(See B r eeze, E lectr i c .)

El ectr i c B r i dge—(See B r idg e, Electr i c .)

El ectr i c B uoy.
—(See B uoy , Electr i c .)

El ectr ic B urner .
—(See B urner , Auto

ma t i c Electr i c.)

El ectr i c B uzzer .
—(See B uzz er , Electr i c .)

El ectr i c Cabl e.
—(See Cable, Electr i c .)

El ectr i c Cal amine.
—(See Ca lami ne, E lec

tr i c .)
El ectr i c Cal l-B el I.—(See B el l , Ca l l .)

El ectr i c Cal orimeter .
—(See Ca lor imeter ,

Electr i c .)
'

El ectr ic Candl e.
—(See Candle, Electr i c .)

El ectr ic Case-Harden ing .
—(See Ca se

Ha rden i ng , E lectr i c .)

El ectr i c Cauter i zat ion .
—(See Ca uter i z a

t i on , Electr i c.)
El ectr i c Cauteri zer .

—(See Ca uter i z er ,

Electr i c .)
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El ectr i c Cautery .
—(See Ca utery , E lec

t r i c .)

El ectr i c Charger -(See Cha rg e, E l ectr i c .)

El ectr ic Chimes—(See Ch imes , E lectr i c.)

El ectr ic Cl i ronograpl i .—(See
g r a15h , E l ectr i c .)

El ectr i c Chronoscope.
—(See Ch r onoscop e,

E l ectr i c .)

El ectr ic Cigar-Ligh ten—(See L igh ter ,

Ch r ono

El ectr i c Ci rcu i t .
—( See Ci r cu i t , E l ectr i c .)

E l ectr i c Cl eats—(See Clea ts , E l ectr i c .)

El ectr i c Cl epsydra .
—(See Clepsya’r a , E lec

t r i c .)

El ectr i c Cl ock . (See Cloch , E lectr i c .)

El ectr i c Coi l . (See Coi l , E lectr i c .)

El ectr i c Col umn—(See Column , E lec

t r i c .)

E l ectr i c Commun i cator .
—(See Commu

n i ca tor , E lectr i c.)

El ectr i c Conduct i ng .
—(See Conduct i ng ,

E lectr i ca l .)

E l ectr i c Conduct i on .
—(See Conduct i on ,

E lectr i c .)

El ectr i c Convect ion of Heat . (See H ea t ,

E lectr i c Conv ect i on of .)

E l ectr i c Cord.
—(See Cor d , E lectr i c .)

El ectr i c Counter .
—(See Coun ter , E l ec

t r i c .)

El ectr i c Creepi ng .
—(See Cr eep i ng , E l ec

t r i c.)

El ectr i c Cross—(See Cr oss , E lectr i c .)

El ectr i c Cruc ible—(See Cr uci ble, E lec

t r i c .)

El ectr i c Curren t—(See Cur r en t , E l ec

t r i c .)

El ectr i c Cystoscopy .
—(See

Electr i c .)

El ectr i c Damp ing.
-(See D amp i ng , E lec

tr i c.)

El ectr i c Death .
—(See D ea th , E lectr i c .)

E l ectr ic Decomposi tion—(See D ecom

pos i t i on , E lect r i c.)

Cy stoscopy ,
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El ectr i c Densi ty .
—(See D ens i ty , E l ec

tr i c.)

El ectr i c Depos i t ion .
—(See D epos i t i on ,

El ectr i c Determi nat ion of Long i tude.

(See Long i tude, E lectr i c D eterm i na t i on

( See

El ectr i c Di spl acement—(See D i sp la ce

ment , E l ectr i c .)

El ectr i c Di st i l l at ion—(See Di s t i l la t i on ,

E l ectr i c.)

E l ectr ic Door-B el l Pul l .—(See Pu l l ,

E lectr i c D oor-B el l .)

E l e c t r i c Doubl e-Refract ion .

D ouble-Ref r a ct i on , E lectr i c .)

El ectr ic Dyei ng—(See Dy ei ng , E lectr i c .)

El ectr ic Dynamometer , Si e1nens
’
.
—(See

Dy namometer , E lectr o.)

El ectr i c Eel . —(See Eel , E l ectr i c .)

El ectr i c Effi ci ency .
—(See Efi cz

’

ency , E lec

tr i c .)

El ectr i c El ast i ci ty—(SeeE la st i c i ty , E l ec

tr i c .)

El ectr i c El evator .
—(See E lev a tor , E lec

tr i c.)
El ectr i c Endosmose.

—(See Endosmose,

E lectr i c .)
El ectr i c Energy —(See En ergy , E lectr i c .)

El ectr i c EntrOpy .
—(See En tr opy , E lec

tr i c.)

El ectr ic Escape—(See E scape, E lectr i c .)
El ectr i c Etchi ng.

—(See Etch i ng , E lec

t r o.)

El ectr i c Evaporat ion—(See Ev apor a

t i on , E l ectr i c .)

El ectr ic Ex c i tabi l i ty of Nerve or M us

cul ar Fi bre.
—(See Ex c i tabi l i ty , E l ectr i c ,

of Ner v e or M uscu la r F i br e.)

El ectr ic Exhaustion—(See Ex ha ust i on ,

E lectr i c .)
El ectr ic Expans ion—(See Expans i on ,

E lectr i c .)

El ectr ic Ex pl oder .
—(See Exp loder , Elec

tr i c M i n e.)
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El ectr i c Expl orer .
—(See Exp lor er , Elec

tr i c .)

El ec tr i c Fi el d.
—(See F i eld , E lectr i c .)

El ectr i c Figures, B reath —(See
F igur es , E lectr i c, B r ea th .)

El ectr i c Figures, Li ch tenberg
’
s

(See F zgur es , E lectr i c , L i ch tenberg
’

s .)

El ectr i c Fi shes—(See F i shes , E lectr i c .)

El ectr i c Fl y .
—(See F ly , Electr i c .)

El ectr i c Fl yer .
—(See F ly/er , Electr i c.)

El ectr i c Fog.
—(See Fog , E lectr i c .)

El ectr i c Force—(See For ce, Electr i c.)

El ectr i c Furnace—(See Fur na ce, El ec

t r i c .)

El ectr i c Fuse.
—(See Fuse, Electr i c .)

El ectr i c Gas-Lighting.
—(See Ga s-L ight

i ng , E lectr i c .)

El ectr i c Gas-Li ghting , M ul t i pl e

(See Ga sQn h tz
'

ng , Mu l t ip l e E lectr i c .)

E 1 e c t r i c Gas-Light ing Torch—(See
T or ch , E l ectr i c Ga s-L ight i ng .)

El ectr i c Gastroscope.
-(See Ga str oscope,

El ectr i c .)

El ectr i c Gi l di ng .
—(See Gi ld i ng , E lectr i c .)

El ectr i c Governor .
—(See Gov er nor , El ec

t r i c .)

E 1 e c t r i c Hand-Lighter for Argand
B urner .

— (See B ur ner , Arg a nd E lectr i c

H a nd-L ighter .)

El ectr i c Head-B ath .
-(See B a th , H ead ,

El ectr i c .)

El ectr i c Head-Light—(See H ea d-L ight ,
Locomot i v e, E lectr i c .)

El ectr i c Heat—(SeeH ea t , E lectr i c.)
El ectr i c B eaten— (See H ea ter

, E lectr i c .)
E l e c t r i c Horse B owen—(See Pow er ,

Hor se, Electr i c .)

El ectr ic Hydrotasimeter .
—(See Hy dr o

ta s imeter , E lectr i c .)

El ectr i c Ign i tion .
-(See Ig n i t i on , E lec

tr i c .)
E l ectr i c Images—(See Imag es , Electr i c .)
El ectr i c Incandescence.

—(See I nca ndes
cence, E lectr i c.)
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El ectri c Indi cator for Steamsh ips.—(See
I ndi ca tor , E lectr i c , f or Steamsh ips .)
El ectr i c

E lectr i c .)

El ectr i c Inert i a.
—(See I ner t i a , Electr i c .)

El ectr i c Insol at ion .
—(See

Indi cators—(See I nd i ca tor s ,

I nsola t i on ,

El ectr i c In stal l at ion .
-(See I n sta l la t i on ,

—(See L amp ,

El ectr i c Insul at ion—(See I n su la t i on ,

E lectr i c .)

El ectr i c I rr i tabi l i ty.
—(See I r r i ta bi l i ty ,

E lectr i c .)

El ectr i c J an—(See 7a r , E lectr i c .)

El ectr i c Jewel ry .
—(See 7e'wel ry , E lec

tr i c .)
El ectri c Lamp , Arc

E lectr i c .Ar c
.)

El ectr i c Lamp-B rack et .—(See B r a chet
,

L amp , E lectr i c .)

El ectri c Lamp , Incandescent
Lamp , Electr i c , I n ca ndescen t .)

E l ectr i c Lamp , Semi-Incandescent
—(See Lamp , E l ectr i c, Sem i -I nca ndescen t . )

El ectr ic Lamp , Socket fen—(See Sochet ,
E lectr i c Lamp .)
El ectr ic Launch —(See La unch , E l ec

tr i c .)
El ectr i c Letter-B 0x .

—(See L etter-B ox ,

E lectr i c .)
El ectr i c Light—(See L ight , E lectr i c .)
El ectr ic Ligh ti ng, Cen tral Stat ion

—(See Sta t i on , Cen tr a l .)

El ectr i c Lighti ng , I sol ated

L igh t i ng , El ectr i c, I sola ted .)
El ectr ic Light or Power Cabl e—(See

Ca ble , E lectr i c L ight or Pow er .)

El ectr ic Lock —(See Loch, E lectr i c .)
El ectr i c Locomoti ve—(See Locomot i v e,

E lectr i c .)
El ec tr i c L0g.

—(See Log , E lectr i c .)
El ectr ic Loom.

—(See Loom, E lectr i c .)
El ectr i c Loop.

—(See Loop , E l ectr i c )

El ectr i c M ach ine, Fr i ct ional

M a ch i ne, Fr i ct i ona l E lectr i c .)



https://www.forgottenbooks.com/join


Ele.] 190

El ectr i c Sei smograph .
—(See Sei smo

g raph , E lectr i c .)
El ectr i c Shadow—(See Shadow , Elec

tr i c.)
El ectr i c Shock—(See Shock , E lectr i c .)

El ec tr i c Shower B ath .
—(See B a th ,

Show er E l ectr i c .)

El ectri c Shunt B el l . -(See B el l , Shunt ,

El ectr ic Singl e-Stroke B el l .—(See B el l ,

Si ng le
-Str ohe E lectr i c .)

El ectr ic Si phon .
-(See Siphon , Electr i c .)

El ectr i c Sol der i ng.
—(See Solder i ng ,

Electr i c.)
El ectr ic Sphygmograph .

-(See Sphyg mo

g raph , E l ectr i ca l .)
El ectr ic Ster i l i zation .

-(See Ster i l i za

t ion , E lectr i c .)

E l ectr i c Storm.
—(See Storm, E lectr i c .)

El ectr i c Str i a3. —(See Str i ce, Electr i c .)
E l ectr i c Submar i ne Boat—(See B oa t ,

Subma r i ne, E lectr i c .)

El ectr ic Sunstroke.
—(See Sunstrohe,

El ectr i c .)
El ectr i c Surgi ngs.—(See Surg i ng s , Elec

tr i c .)
E l ectr i c Swag ing .

—(See Sw ag i ng , El ec

tr i c .)
El ectr i c Tann i ngc—(See T ann i ng , El ec

tr i c . )
El ectr i c Target—(See T a rg et , E lectr i c .)
El ectr i c Teazer .

—(See Teaz er , E lectr i c

Cur r ent .)
El ectr i c Tel ehydrobarometer .

—(See T el
ehy droba r ometer , El ectr i c.)
El ectr i c Tel l-Tal e Signal .—(See S igna l ,

Electr i c T el l T a le.)
El ectr ic Temperi ng

'

.
—(See T emper i ng ,

Electr i c. )
El ectr i c Tension .

—(See T ens i on , El ec

tr i c .)
El ectr i c Thermo-Cal l . —(See Thermo

Ca l l , Electr i c .)

El ectr i c Thermometer .
—(See Thermom

eter , E lectr i c .)

[Elet

El ectr i c Throwback-Indi cator . S e e

Ind i ca tor , El ectr i ca l Thr owba ch .)

El ectr i c T ime-B al l .—(See B a l l , Electr i c
'

T ime.)

El ectr i c T ime-M eter .
—(See M eter , Elecr

tr i c T ime.)
El ectr i c Torpedo.

—(See Torpedo, E lec

tr i c .)
El ectr ic Tower.

—(See T ow er , Electr i c .)

El ectr i c Tramway.—(See T r amway .El ec

tr i c .)

El ectr ic T ransmi tters—(See T ransmi t

ter , Electr i c .)

El ectr i c Trumpet—(See T rumpet , Elec
tr i c .)

El ectr i c Turn-Tabl e.
—(See Tur n Table,

Electr i c .)

El ectr i c Typ ewr i ter .
—(See Typew r i ter ,

E lectr i c .)

El ectr i c Val ve—(See Va lve, Electr i c .)

El ectr ic Val ve B urner , Argand
(See Va lv e B ur n er .Arg a nd E lectr i c . )

El ectr i c Varn i sh—(See Va r n i sh , E lec r

tr i c .)

E l ectr icVi brating B urner .
—(See B ur ner

,

Vi br a t i ng , E lectr i c.)

El ectr ic Vol at i l ization.
— (See Vola t i l i za

t i on , Electr i c .)

El ectr ic Water or Liquid Level Al arm.

(See Ala rm , IVa ter or L i qu i d Lev el .)

El ectr ic Wel di ng.
—(See Weld i ng , Elec

tr i c .)

E l ectr ic Wh i rl .—(See Wh i r l , E lectr i c.)
El ectr ic Wh i stl e, Automat ic Steam
—(See Wh i st le, Steam, Automa t i c Elec

tr i c.)

El ectr ic Wood M oul dings—(See M ould

i ng s , El ectr i c Wood .)

El ectri c Work—(See Worh, Electr i c .)

E l e c t r i c a l Control l i ng Cl ock .
—(See

Cloch, Electr i ca l Con tr ol l i ng .)

El ectr ical l y .
—In an elec trica l manner.

El ectr ical l y Control l ed Cl ock — (See
Cloch, E lectr i ca l ly Coutr

'

ol led .)
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El ectr ical l y Di scharge, To

D i scha rg e, To E lectr i ca l ly .)

El ectr ical l y Di scharg i ng—(See D i s

cha rg i ng , El ectr i ca l ly .)

El ectr i cal l y Energ i z i ng .
—(See Energ i e

i ng , Electr i ca l ly .)

El ectr ical l y O perated Al arm. (S e e

Ala rm, Electr i ca l ly Oper a ted .)

El ectr ical l y Retarding .
-(See Reta rd

i ng , Electr i ca l ly .)

El ectr ic ian .
— O ne versed in the princ iples

and appl ica tions of elec trica l s c ience .

El ectr ici an , El ectro-Therapeuti cal
-Amedica l electrician .

El ectr ic ian ,
M edical —O ne skil led

in the appl ica t ion of electric ity to the human

body for diagnos is or cura tive purposes .

Amedical electri c ian shou ld possess a fu l l
know ledge , not on l y o f the pr inc iples and appi i
cations of electr ic sc ience , but a lso of physics and

chemistry and of the medica l sc iences .

El ectr i ci ty.
—T he name given to the un

known th ing, ma t ter or force , or both , w hich

is the cause of elec tric phenomena .

Electricity , no ma tter how produced , i s be .

lieved to be one and the same thing.

T he termsf r i ct iona l -el ectr i ci ty , py ro-electr i ci igl ,

magn eto-electr i ci ty ,
vol ta i c or ga lv a n i c el ectr i ci ty ,

thermo-el ectr i ci ty ,
con ta ct-electr i ci ty ,

a n ima l or

vegetable-electr i ci ty , etc . , etc .
, though conven ien t

for distingu ishing their origin , have no longer
the sign ificance formerly a ttr ibuted to them as

representing differen t kinds of the electric force.

(See Electr ici ty ,
Single Flu id Ilypothes i s of . )

El ectr ici ty , Accumul ated -Elec

tricity collec ted in or by means of accumu la

tors.
El ectr ici ty , Accumul at ing —O b

taining success ively increas ing elec trica l
charges . (SeeElectr i c i ty ,Accumula t i on of .)

El ectri c i ty, Accumul ation of —A
genera l term app l ied indifferently to

( I .) T he gradual col lec t ing of electric
energy in a Leyden jar or condenser.

T he increase of an elec tric charge by
the action of various dev ices ca l led accumu

la tors .

T he product ion of a charge by the use
of mach ines ca l led influence machines .

T he collec t ion of elec tric energy in the
so-ca lled s torage ba tteries or accumu la tors .

El ectr i ci ty, An imal —Elec tric ity
produced during l ife in the bodies of an ima ls .

Al l an imals produce electr ic ity during l ife . In

some, such as the e lectr ic eel or torpedo , the
amoun t i s comparatively large . In others , i t i s
sma ll .
Some of these an ima ls ,w hen of fu ll size , a re able

to give very severe shocks , and use this cur ious
power as 9mean s of defen se aga in s t their enemies .

If the spina l cord of a recen tly kil led frog be
brought in to con tac t w i th the musc les of the

thigh , a con trac tion w ill en sue .

The nerve and muscle of a frog, connected
by a w a ter contac t w i th a suffi c ien tl y del icate
ga lvanometer , show the presence o f a cur ren t
tha t may la s t severa l hours . Du Bois-Reymond
showed tha t the ends of a secti on of muscular
fibres are nega ti ve, and their s ides positive , and
has obta ined a curren t by su itably connecting
them.

i n the opin ion of some electro-therapeutists no

electr ic curren t exis ts in passive, norma l nerve or

muscular tissue. In an in jured tissue a current
,

cal led a dema r ca tion cur rent , i s produced. (Se
Cur r ent , Dema r ca t ion . )
Al l mus cular con traction s , however , apparen tl y

produce elec tric curren ts .

In electro-therapeutics, i t i s probable tha t
grea ter succes s wou ld accrue in practice i f the
human body w ere regarded a s an elec tric source

a s well as an electro-receptive device .

El ectr ic i ty, Atmospher ic -T he free
e lec tric ity a lmos t a lways presen t in the a tmos

phere .

T he follow ing facts have been discovered con

cern ing a tmospheric electricity , viz
T he free electric ity of the a tmosphere is

generally pos itive , but often changes to nega tive
on the approach o f fogs and c louds .

I t exists in grea ter quan tity in the higher
regions of the a ir than near the earth ’s surface .

It is stronger when the a ir i s s til l than
when the w ind i s blow ing.

It is subjec t to yearly and dai ly changes
in i ts in tensity , being s tronger in w in ter than in
summer , and at the m iddle of the day than e i ther
a t the beginn ing or the c lose .



El ectr ici ty, Atmospher ic, O r ig in of

—T he exac t cause of the free electricity of

the a tmosphere is unknown .

Peltier ascr ibes the cause of the free electr ic ity
of the a tmosphere to a nega tively exc i ted earth ,
which charges the a tmosphere by induct ion . (See

Induct ion ,
E lectros ta t i c . ) Free a tmospher ic elec

tr ic i ty has a lso been ascr ibed to the evaporation
o f water ; to the condensa tion of vapor ; to the
friction of the w ind ; to the mo t ion o f terrestria l
objects through the earth’s magne i ic fi t ld ; to in

duction from the sun and other heaven ly bodies ;
to differences of tempera ture ; to combustion ,

and

to gradua l oxida tion of plan t and -
an ima l l ife . It

i s possible that al l these causes may have some

effec t in produc ing the free e lec tr ici ty of the at

mosphere .

Wha tever is the cause of the free electr icity of the
atmosphere , there can be bu t l i ttle doubt tha t it
i s to the condensa tion of aqueous vapor tha t the
h igh difl

'

er ence of poten t i a l of the l ightn ing flash
i s due. (See Poten t i a l , D ifl

'

erence of . ) As the
c louds move through the a ir they col l t ct the free
electri ci ty on the sur faces of the minu te drops of
w a ter of w hich they are composed , and when
many thousands of these subsequen tly collec t in
larger drops the difference of poten tia l i s enor

mously increa sed in consequen ce of the equally
enormous decrease in the sur face of any single
drop over the sum of the surfaces of the drops
that have coa lesced to form it .

El ectr ic i ty, Atom of —A quant ity
of electricity equa l in amoun t to tha t pos
sessed by any chemica l monad a tom.

Professor Lodge poin ts out the fact tha t the
cha rge o f a monad atom of any elemen t i s the
smallest charge a body can possess , and i s possibly
a s indivis ible as the atom i tsel f. He points out the
fact tha t chemical a ffinity or a tomic a ttractionmay

be due to the electr ical attr ac tion of a toms con tain
ing unl ike charges ; that a l though the d ifference of
poten tia l between the a toms i s small , probably
somewhere betw een i and 3 volts , the distances
separating them are so very smal l tha t their
mutual a ttractive force must be a lmos t infin itely
grea t .
As D ’Auria has poin ted out, if the centres of at

traction of the a toms be the ce a tres of the

a toms themselves, then the a tom s
,
i f approached

to actua l con tact, would be separa ted from one

another by a d istance equa l to ha lf the sum of

their diameters . If
, however, the centre of at

[Ele.

traction be s i tuated at any poin t on the surface of
the a toms the distance of separation would be
come equa l to zero, ca lling (1

, the distance be
tw een them , m and m l

,
their respecti ve masses ,

and S, a co-effec ien t varying w ith the substance,
and f, the force of mutua l a ttrac tion , then

from which we see tha t the va lue of f
1
becomes

infin i te w hen the a toms a re in Con tact .

E l ectr i c i ty, Cal —Elec tricity pro

duced by changes of tempera ture in the core
of a trans former,
T he changes of temperature in the transformer

core can produce a difference o f poten tia l in the
seconda ry c i rcu it which increa ses the elec tro
motive force induced in the secondary by the
varia tions in the pr ima ry . This i s sometimes
ca lled the Acheson effect. (See Ej ect

,
Acheson . )

El ectr i c i ty, Conservation of —A
term proposed by Lippman to express the
fact tha t w hen a body receives an e lec tric
charge in the open a ir, the earth and heavenly
bodies receive an equa l and "

op pos ite cha rge,
thus preserving the sum of the tota l pos itive
and nega tive electric it ies in the un iverse .

El ectr ic i ty, Contact —Elec trici ty
produced by the mere contact of diss imilar
meta ls .

T he mere contact of two diss imilar meta ls re

su lts i n the production o f Opposite elec trica l
cha rges on the ir opposed surfaces , or in a differ
ence of electric poten tia l between these surfaces .

T he cause of thi s d ifference of poten tia l is now

very genera lly a scribed to the volta ic couple bein g
surrounded by the a tmosphere

,
the oxygen of

which acts more energetica lly on the pos itive
element than i t does on the nega tive elemen t .
T he mere con tact of d iss imilar meta ls cannot

produce a con stan t elec tr ic curren t . An electr ic
curren t possesses kinetic energy . T o produce a

constan t electr ic current, therefore, energy mus t
be expended .

T he v ol ta ic pile through the con tact of dis
s imilar metals produces a difference of potentia l ,
yet the cause of the curren t i s to be found in
chemica l action . (See Cel l , Vol ta i c. )

E lectr i c i ty, Di sgui sed D is s imu

la ted elec tricity. (See El ectr i ci ty , D i ss imu

la ted or L a tent .)
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out . If the number of electro-receptive devices
be grea t, such a c ircu i t i s necessar ily character
i l ed by a comparati vely high elec tromotiye force.

Since the curren t passes success ively through
all the elec tro—receptive devices , an au tomatic
safety device i s necessary in order to au toma tical ly
provi de a shor t circuit of compara tively low res ist
ance pas t a faul ty device , and thus preven t a
single fau lty device from inva l idating the ac tion
of a ll other devices in the c ircui t.
Arc lamps are usua lly connected to the line

circu i t in series .

In a systemofmul t iple-di str ibution , the electro
receptive devices are connected to the mai n l ine
or leads in mul tipl e-a r c, or par a l lel , so tha t each
device added decr ea ses the res i stance of tne ci r cui t .

In order
,
therefore, to ma in ta in a proper curren t

through the e lectro-receptive devices , the mains
must be kept at a nea rly cons tan t difference of

poten tia l .“ T he electro-receptive devices employed
in such a system of d is tr ibution are genera lly of

high electric res istance , so tha t the introduction or

removal of a few of the electro-receptive devices
w il l notmateria lly a lter the resistance of the w hole
c ircuit, and w ill not , therefore, ma ter ia lly a ffec t
the rema in ing l ights .
In this system automatic safety devices, opera

ting by the fusion of a rcad ily mel ted a lloy or

metal, are provided for the purpose of preven ting
too powerfu l curren ts from passing through any

branch connected w ith the ma in conductor s or

l ea a
’

s . (See Plug , Fus i ble. )
Incandescen t lamps a re genera lly connected

w i th the ma in conductors or leads in pa ra l lel or

mu l t iple-a r c.

Distribution of incandescen t lamps by series
connection s i s sometimes employed. Such lamps
are usua lly of compara tively low res istance

,
and

are provided each w ith an au tomatic cut-out,

which establishes a. shor t c ircui t pas t the lamp on

i ts fa ilure to properly operate.

During the passage of an e lectr ic curren t
through any ser ies-distr ibution c ircu it, energy is
expended in differen t por tion s of the circui t, in
proportion to the res istance of these parts . In

any system, economy of distr ibution necessi ta tes
tha t the energy expended in the e lectro-receptive
devices must bear a s large a propor tion as prae
ticable to the energy expended in the source and

leads . In series-distr ibuti on, this can readily be
accompl ished even i f the resistance o f the leads is
compara tivel y h igh , s ince the tota l resis tance of

the c ircu it increases w ith every electro-receptive

device added . Compara tively thin w ires can

therefore be employed for a very cons iderable
exten t of terr i tory covered, w ithou t very grea t
loss .

In systems of mu l tiple-distr ibution , however ,
this i s impossible ; for , s ince every e lectro-recep
tive device added decreases the tota l res .stance o f

the c ircu i t
,
un less the resistance o f the leads is

correspondingly decreased the economy becomes
sma ller, un less the resistance ofthe leads w as or ig
inal ly so low as to be inappreciable when com

pared w i th the change of resistance.

In systems of dis tribu tion by a lternating cur

rents this is avoided by passing a curren t of but
small strength and considerable diff erence of

poten tia l over a l ine connecting distan t points,
and converting th is curren t in to a cu rrent of large
s trength and sma l l d ifference of poten tial a t the
places where it is requi red for use .

El ectr ici ty , Di str ibution of, by Contin

uous Current , by M eans of Condensers

—A sys tem of d is tribut ion dev ised by
Doubrava , in wh ich a con t inuous curren t is
con duc ted to certa in points in the l ine w here
a dev ice cal led a d is junc tor ”

is emp loyed , to
reverse it periodica lly , and the reversed cur

rents so obta ined d irectly used to charge con
densers in the c ircu it of wh ich induct ion coils

are used .

This method of distr ibu tion i s a va r iety of dis

tribu tion by means of constan t curren ts .

T he condensers are used to feed incandescen t
lamps or other electro-receptive devices .

El ectr i ci ty, Di str ibution of, by Continu

ous Current, by M eans of T ransformers

-A sys tem for the transmiss ion of elec

tric energy by means of con tinuous or d irect
curren ts tha t are sen t over the l ine to su itably
loca ted s ta t ions w here motor-dynamos are

used for trans formers .

T he dynamo arma ture i s u sed w ith two sepa
ra te c ircu its, one of a shor t and c oarse w ire, and
one of a long fine w ire. This cons truction w il l
permit the convers ion of a high to a low poten tia l
o r v ice v er sa ; or two separate dynamos can be
placed on the same shaft and one used as the

motor.

It is eviden t tha t a motor genera tor can be con
s truc ted to conver t con tinuous currents in to a l ter
na te , or a ltern a te curren ts in to con tinuous cur
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rents . In this las t case the arma ture and fixed
c ircu its mus t be kep t separa te .

Another form of con tinuous curren t convers ion
i s effected bymeans of the motion of a commuta tor
w hich eflects a ro ta tion of magn etic pola rity in a

double-wound arma ture of fine and coarse w ire.

El ectr ic i ty , Di str i but ion of, by M otor

Generators —A sys tem of electric dis
tribut ion in w h ich a

'

cont inuous curren t of
h igh potent ial , d is tributed over a main l ine, is
employed at the poin ts w here its elec tric eu

ergy is to be ut ili zed for driving a motor,
w hich in turn drives a dynamo, the curren t of
w hich is used to energize the electro-recep
t ive dev ices .

This method of distributi on is a variety of d is

tri bution by means of con tinuous or direc t cu r

ren ts .

In another system of d istribution by mean s of

'motor genera tors , the motor and dynamo a re

. combined in one w ith a double-w ound arn
~

a ture.

the fi ne w i re t o ils in w hich receive the high po
'

t en tia l dr iving curren t and the coa rse w ire coils
f urn ish the low poten ti al curren t used in the d is
tribution c ircui ts .

El ectr i c i ty, Doubl e Fl uid Hypothesi s of
—Ahypothes is w h ich endeavors to ex

p la in the causes of electric phenomena by the
as sumption of the exis tence of two differen t
electric fluids .

T he double fluid hypothesis assumes
Tha t the phen ' mena o f elec trici ty are due

to two tenuous and imponderable flu ids , the pos i
tive and the nega tive .

Tha t the partic les of the posi tive fluid repe l
one another , as do a lso the partic les of the nega

t ive fluid ; but tha t the particles of po si tive fl.. id

a ttrac t the particles of the nega tive and v i ce v er sa .

Tha t the two flu ids are s trong l y a ttracted
by matter, and when presen t in i t p roduce e lec .

tr ification .

That the tw o fluids a ttract one another and
un ite, thus masking the properties o f each .

Tha t the act of fric tion s epara tes these
flu ids , one going to the rubber and the other to
the thing rubbed .

Pro fessor Lodge i s disposed to favor the double
:rather than the s ingle fluid hypothesis . He s ta tes
i n support of this bel ief the follow ing facts , viz

An electric w ind or breeze is produced
b oth at the pos itive and nega tive termina ls of an
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elec tr ica l machine, and thi s whether the po in t be
a ttached directly to t hese termina ls , or whether
i t be held in the hand of a person near them.

i

T he w el l known pecul ia ri ties connected
w ith the Spark discharge, seen in Wh ea ts tone

’
s

experimen ts on the veloc ity of electr ic ity .

An e lec trostatic stra in scarcely a ffec ts the
volume of the dielec tr ic , thus sugges ting or show
i ng a dis torting stress , which alters the shape of

the substance of the dielectric, but not i ts s ize.

T he effec ts of electrolysis in wha t he as

sumes the double procession of the a toms past
each other in oppos i te direc tions.

T he phenomena of self-induction
,
or the

behavior of a th ick w ire on an a l terna ting curren t.
T he apparen t absence of momen tum in the

electr ic curren t , or momen t of iner tia in an elec
tro-magnet so far as tested.

El ectri ci ty , Dynami c —Atermsome

t imes emp loyed for current elec tric i ty in con

t radis t inct ion to s ta t ic elec tric ity.
El ectr i ci ty, Frank l in ic —A term

s omet imes emp loyed in elec tro-thera peut ics ,
for the electric ity produced by a fric t iona l
or an elec tros ta t ic-induct ion mach ine. (See

Cur r en t , Fr a nkl ini c .)
El ectr ic i ty , Fri ct ional

produced by fric t ion .

This term a s formerly employed to indicate
s ta tic cha rges as dis tinguished from curren ts , is

gradua lly fa lling in to d isuse, and the fr ic tiona l
e lectr ic machines are be ing generally replaced by
con tinuous-induction machines , l ike those of

Hol tz , Tepler-Hol tz
,
or “

'

imshurs t.

T he character of the charge produced by fric
ti on depends on the nature of the rubber a s wel l
as on tha t of the thing rubbed:
In the fol low ing table the substances a re so ar

ranged tha t any one i n th e l i t becomes pos itively
e lectr ified when rubbed by any which follows i t :

Posi tive.

Ca t’s fur .

Pol ished glass .
Woo l .
Cork at ordinary tempera tures .

Coarse brown paper .

Cork hea ted .

White s i lk .

B lack s ilk .

Shellac .

Rough glass .



Negati ve.

I t w ill be seen that the charac ter of the charge
produced by fr iction depends on the character of
the sur faces rubbed. Thi s is seen from the fore

going table, where
( r. ) T he roughness of the sur face , as in the

case of glass , produces a d ifference in the na ture of
the charge ; thus, rough g la ss i s a t the bottom of

the table, and smooth
,
polished g lass near the top.

T he s ta te of the surface as shown by the
color . B lack si lk rubbed w ith white s ilk i s nega
tive to i t.

T he s ta te of the sur face, as varied by the
temperature. Hot cork recei ves a nega tive charge
when rubbed aga in s t a piece of cold cork .

Forbes has poin ted out tha t these differences
are probably due to the change produced in the

ability of the surface to radia te hea t or li ght. A
substan ce or body w hich radia tes the most l ight
or hea t i s n ega tive. Thus , a hot body radia tes
more hea t than a cold body , and is n ega tive to i t.
A rough surface i s nega tive to a smooth surface
because i t radia tes more hea t than a smooth sur

face. For the same reason a bla ck surface i s neg
ative to a white surface . In th is la tter case, how

ever , the black surface i s t‘ e w orse radia tor of

light.
T he contact of dissimilar substances has long

been con sidered by some as one of the requ is ites
for th e ready produc tion of e lectr ic ity by fr iction .

In fac t, the produc tion of electric i ty by fr iction
has been ascribed as an cflect due to a true con tact
force a t the points of junction o f th e rubber and

the thing rubbed. O thers , however , deny the

exis ten ce of a true con tact force of this na ture.

(See For ce, Conta ct . )

El ectr i ci ty, Gal van i c —Aterm used

by some in p la ce of vol ta ic elec tric ity. (See
Electr i c ian Vol ta i c .)

The use of the term ga lvan ic electr ic ity w ould
appear to be less logica l than the W ord vol ta ic ,
s in ce Volta , and not Ga lvan i

,
w as the fi rst to fi nd

out the true or ig in of the difference of poten tia l
produced i n the vol ta ic pile.

El ectri c i ty, Hertz ’s Theory of El ectro
M agneti c Radi at i ons or Waves —A
theory, now genera lly accepted , w h ich regards
l ight as one of the effec ts of elec tro-magnetic
pulsa t ions or w aves.
T he recen t brill ian t researches of Dr . Hertz , of

Car lsruhe , show tha t when an impu lsive discharge

is passing through a conductor , ether waves a re

radia ted or propaga ted in a ll directi ons in the

space surrounding the conductor , and tha t these
waves are in a ll respects s imilar to those of l ight,
except tha t they are much longer .

T he electro-magnetic w aves are set up in the '

lumin iferous ether , and move through it w ith the :

same velocity as tha t of light. M oreover , electro
magnetic waves possess the same powers of reflec
tion , refraction , in terference , resonance , etc . ,

as are possessed by waves of l ight. (See Resana
tor , E lectr i c. )
When a n a lterna ting or s imple faradic curren t:

or pu lse of elec tric ity i s tran smitted from one end .

to the o ther of a long meta llic conductor , the
pulses are bel ieved to trave l through the un iversal
ether surrounding the conductor rather than .

through the conductor itself. T he veloc ity of this
propaga tion in free ether i s the same -

as tha t of
'

l ight, and , indeed , i s iden ti ca l w ith tha t of light .

itsel f. In the in ter-a tomic or in ter -molecu lar “

e ther
,
whether o f conductors , or o f dielectrics , the

veloc ity of propaga tion varies w ith the na ture of

the medium.

T he waves produced by elec tr ic pu lses are . of

much grea ter length than those o f light.
According to Lodge a condenser of the capac i ty

'

of a micro-farad , if discharged through a co i l hav
ing the sel f-induction of I ohm, w i l l g ive rise
to w aves in the ether miles in length , and .

w il l possess a ra te of osc i lla tion equa l to a bout 1 57
'

complete wave-lengths per second.

A common pin t Leyden jar discharged through .

an ordin ary discharging rod , w ill produce a se

r ies of waves abou t 1 5 to 20 metre s in length ,
and w ill possess a ra te of osci ll ation equa l to abou t :
ten million per second .

Lodge calcul ates that in order to obta in the shor t:
waves requ isite to influence the retina. of the ey e,

and thus produce light, the c ircu i t in which the
electr ica l osc illa tion s take place mus t have a t least
a tomic dimen sion s , and tha t the phenomena of

light may therefore be due to local osc illa tion s or
“

surgings in circu i ts o f a tomic d imens ions. (See

[ jg/i t ,
-M a xw el l

’
s E l ectr a-M agnet i c T l i eory of . )

El ectr i c i ty, Latent —A term for

merly app l ied to bound elec tric ity.

El ectr i c i ty, M agneto
—Elec tric ity

‘

produced by the mot ion of magnets pas t eon
ductors , or of con duc tors pas t magnets .

Electric ity produced by magneto-electric:
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El ectr i ci ty, Singl e-Fl uid Hypothesi s of

—Ahypothes is w h ich endeavors to ex

p la in the cause of electrical phenomena by

the as sumption of the exis tence of a s ingle
electric fluid.

T he s ingle-fluid hypothes is assumes
Tha t the phenomena Of electr ic ity are due

to the presence of a s ingle, tenuous , imponder
able fluid .

(2 ) That the particles of this flu id mutua lly
repel on e another , but a re a ttracted by a l l ma tter .

Tha t every subs tance possesses a defin ite
capac i ty for holding the assumed electr ic fluid,
and , tha t when this capaci ty i s just sa tisfied no

effects Of elec tr ifica tion are manifes t.
Tha t w hen the body has less than this

quan tity presen t, i t becomes negat i v ely ex ci ted ,

and when i t has more
, pos i t i vely exc ited .

Tha t the act Of fr iction causes a redistrib u

tion of the flu id , par t of i t going to one of

the bodies , g iving i t a surplus , thus posi tively
e lectr ify ing it

, and leaving the o ther w ith a

defic i t, thus nega ti vely electri fying i t .
T he s ingle-fluid hypothesis ha s been provis

ional ly accepted by some w ith this modifica tion
,

tha t a n ega tivel y exci ted body i s thought to be
the one w t i ch con ta in s the ex cess Of the assumed
fluid, a nd a pos itively exc ited body the onewhich
con ta ins the defi ci t .

They make this change on accoun t Of the

phenomena Observed in C rookes’ tube , where
the mol ecu les Of the res idua l gas are observed to
be thrown OHfrom the n ega t ive and not from the

posi tive term ina l. (See Tuoe,
Ano ther view considers e lectr ic i ty to be due to

diflerences Of ether pressure, electricity being the
ether i tsel f, and electromotive force, the d ifl

’

erences

O f e ther pressures . Pos itive electrifi ca tion is as
sumed to resul t from a surplusa ge Ofen ergy, and
nega tive elec tr ifica tion from a defici t of energy .

At the presen t time the view s o f Hertz are
genera l ly accepted . (See E l ectr i ci ty , Her tz

’
s

T lzeory of E l ectro-M agnet i cRadia t i on s orWaves . )

El ectr i c i ty, Spec i fi c Heat of —A
term proposed by Sir W i ll iam Thomson to

indica te the analogi es exis t ing between the

absorpt ion and emis s ion O f hea t in purely
thermal phenomena , and the absorpt ion and

emis s ion O f hea t in thermo-electric phe

nomena. (See H ea t , Speczfi c.)
As w e have a lready seen hea t. i s ei ther given

O ut or absorbed , when an elec tric current passes
from one meta l to another across a junction be
tween them. (See Ej ect , Pel t i er . )
SO

,
too

,
when e lectric ity passes through an un

equally hea ted w ire , the curren t tends to increase
or decrease the differences of tempera ture

, ac

cording to the direc tion in which it flow s , and

according to the character of the meta l . (See

Ej ect , T ltomson .)
“ If electric ity were a fluid , ” says M axwel l,

“
runn ing through the conductor as wa ter does

through a tube, and a lw ays g iving ou t or ah

sorbing heat till i ts temperature i s tha t Of the
conductor

,
then in passing from hot to cold i t

would give o ut hea t, and i n passing from cold to
hot i t would absorb hea t, and the amoun t Of this
hea t would depend on the spec ific hea t Of {he
fluid .

”

El ectr i c i ty , Stat ic —Aterm app l ied
to electricity produced by frict ion .

T he term sta tic e lectri ci ty i s proper ly em

ployed in the sense Of a s ta t i c cfia rge bu t no t as

s ta t i c el ectr i ci ty , s ince tha t w ou l d indica te a p ar

ti cular kind of elec tr ic ity , and , as is now gcn

era l ly recogn ized , e lectric ity , from no ma tter
wha t source i t i s derived , i s one and the same

thing.

El ectr ici ty, Storage of A term
improperly employed to indica te such a

s torage of energy as w il l enable it to d irec tly
reproduce elec tric energy.

Aso-ca lled storage ba ttery does not s tore elec
trici ty , any more than the spring of a c lock c an

be sa id t o store time or soun d . T he spring stores
muscular energy , i . e . ,

renders the muscula r
kinetic energy potentia l , which , aga in becom ing
kinetic , Causes the works of the c lock to move
or str ike.

In the same way in a so-cal led s torage ba ttery ,
the energy Of an e lectr ic cur ren t i s caused to

produce e lectrolytic decomposi tions of such a

na tu re as independen tly to produce a curren t on

the removal Of the e lec trolyzing curren t. (See

Cel l , Secondary . Cel l , Stor age.)

El ectr ic i ty, Thermo —Elec tricity
produced by differences of tempera ture at the

junct ions Of d iss imilar metals .

If a bar Of an timony i s soldered to a bar of bis

muth , and the free ends of the two meta ls a re

connected by mean s Of a galvanometer
,
an app l i

cation of hea t to the junction , so as to ra ise i ts
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t emperature above the rest of the circu i t, w il l pro
d uce a difference of poten tial , which , i f neutra l.
i zed , w ill cause a curren t to flow a cross thejunc

.t ion from the bismuth to the an timony (aga inst
the alphabet , or from B to A). If the junc tion be
c ooled below the res t of the c ircui t , a current i s
produced across the junction from the an timony
to the bismuth (w ith the a lphabe t, or fromAto B ) .
These curren ts are ca l led thermo-electr i c cur ren ts ,

a nd are proportiona l to the diflerences of tem

perature.

Even the same meta l
, in d ifl

'

eren t physica l
s ta tes or condi tions, such a s a w ire, part of which
is stra ight and the rema inder bent in to a spira l as
a t H C ,

Fig. 228, if hea ted at F by the flame Of

Fig . 228. Th ermo-Electr i ci ty .

a lamp w il l have a difference of potentia l deve l
o ped in it .
T he same thing may a lso be shown by plac ing

a cy linder of bismuth ], Fig. 229, in a gap in a

Fig . 229. H en n a-Electr i c Ci rcui t.

hollow rectangle Of copper AB ,
ins ide of which

a magnetic needle, M ,
is supported.

The rectangle of copper be ing placed in the

magnetic mer idian , on hea ti ng the junc tion by the
flame Of a lamp F, the needle w il l be deflected
by a curren t produced by the difference of tem

p era ture .

Thermo-elec trici ty is genera lly obta ined by
means of the combina tion of a t/zermo-el ectr i c

coup le, in a t/zermo-el ectr i c cel l . (See Coup le,
T/zermo-E l ectr i c. Cel l , Tfierm l ectr i c.

Since the d iflerence Of po ten tia l produced by
a s ingle thermo-electr ic couple is sma ll

,
a number

O f such couple s or cells are genera l ly connected in
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series to produce a tficrrno-electr i c ba ttery . (See

B a ttery ,
Tner rno-E lectr i c. )

El ectr ici ty, Un i t Quant i ty of

T he quan t ity of electricity conveyed by unit
curren t per second.

T he practica l un it quanti ty of elec tri ci ty i s the
cou lomb, which i s the quan tity conveyed by a

cur ren t of one ampere in one second .

El ectr ic i ty, Un i t Quant i ty of, Natural
—T he quant ity Of elec tric ity pos

sessed a s a charge by any elementary monad
a tom. (See E lectr i c i ty , Atorn of .)

El ectr ic i ty , Var i et ies of A c lass i

fication Of electric ity accord ing to its s ta te of
res t or motion , or to the peculiari t ies Of its
mot ion .

Lodge c lassifies the diflerent var ieties of elec
tr ici ty as fol lows , v iz
( x. ) Electr icity a t Rest, or Stati c Electr ic ity .

This branch of electr ic science trea ts ofphenom
ena belonging to s tresses and stra ins in insulated
media , when brought in to the neighborhood of

electr ic cha rges , together w ith the modes o f ex

c iting such e lec tr ic charges , and the law s Of the ir
in teraction s .

Electr ici ty in Locomotion , or Curren t Elec
tri c ity .

This branch of electric science trea ts of thephe
nomena p roduced in meta llic conductors , chem.

ica l compounds and dielectr ic media , by the pas
sage of electr icity through them , and the modes
Of exci ting electrici ty into motion , together w i th
the laws of i ts flow .

Electri ci ty in Rota tion, or M agnetism.

This branch of elec tric sc ience trea ts o f the phe
nomena produced in electric ity i n w hir l ing or

vor tex motion , the manner in which such w hirls
may be produced , the stra ins and s tresses w hich
they produce, and the law s of the ir in terac tions .

Electricity in Vibra tion ,
or Radia tion .

This branch of electr ic sc ience treats Of the s tudy
of the propaga tion of per iodic or undula tory d is
turbances through various kinds Of media , the
l aw s regu la ting wave veloc ity , w ave length , re

flection ,

’ interference , dispersion ,
polar iza tion and

o ther s imi la r phenomena genera lly s tudied under
l ight .
A misleading cl ass ification Of electricity is

sometimes made according to the sources which
produce i t. This is misleading, s in ce elec tr ic ity ,
no ma tter how produced , is one and the same.
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The so-ca lled var ieties of electr icity may be di
v i ded in to differen t c lasses a ccording to the na ture
Of the source . T he pr inciples Of these are as fol

lows

( I . ) Fr ictional-Electr ic i ty , or tha t produced by
the fr iction Of one substance aga in s t another .

Volta ic-Electricity , or tha t produced by
the contact of diss imilar subs tances under the in
fluen ce of chemica l action .

Thermo-Electr ici ty, or tha t produced by
differences Of tempera ture in a thermo couple.

Pym-Electric ity , or tha t produced by dif
ferences of temperature in certa in crystalline
solids .

M agneto-Electrici ty , or tha t produced by
the motion Of a conductor through the field Of
permanen t magnets . This i s a variety O f

Dynamo-Elec tric ity , or tha t produced by
moving conductors so as to cut l ines Ofmagnetic
force .

V i tal-Elec tr ici ty , or tha t produced under
the influence of l ife or accompanying l ife .

E l ectr i c i ty, Vi treous —A term for

merly emp loyed to indica te pos i tive elec

tricity .

It w as formerly bel ieved tha t the fr iction Of
glass w i th o ther bodies a lways produces the

same kind of electr ic ity . This , how ever , i s now
known not to be the case .

T he term i s now replaced by pos i tiv e el ec

tr i ci ty . (See E lectr i ci ty , Res inous . )

El ectr i ci ty, Vol ta i c —D ifferences Of
poten t ial produced by the agency Of a vol

ta ic cel l or battery.

Electr ic i ty i s the same thing or phase of energy
by wha tever sour ce i t i s produced .

El ectr ics—Subs tances capable of becom

ing elec trified by fr ic t ion .

Substances l ike the metals , which , when held
in the hand could not be e lectr ified by fr iction
were formerly ca lled nan-el ectr i cs .

These terms were used by G ilbert in the ear ly
history of the sc ience .

This distinction is not now genera lly employed
since conducting substances i f in su la ted

, _may be

elec tr ified by fr iction .

El ectr ifi abl e.
—Capable of be ing endowed

w i th elec tric properties .

El ectr i fi cation.
—T he act Of becoming

e lec trified.

T he produc t ion of an electric charge.

[Ele.

El ectr i fi ed B ody.
—(See B oa

’

y , E l ectr i

El ectr i fy.
—TO endow w i th elec trica l prop

ert ies .

El ectr i ne.
—Rela t ing to elec trum , or am

ber.

El ectr i zat ion , Therapeutical —Sub
ject ing differen t pa rts Of the human body to
the ac t ion of electric curren ts for the cure of

d iseased condit ions .

E lectro-B iol ogy .
—(See B i ology , E lectr a .)

El ectro-B rassi ng .
—(See B r a ss i ng , E lec

tr a .)
El ectro-B ronz i ng.

—(See B r onz i ng , E lec

tr o.)

El ectro Capi l l ary Phenomena—(See:
Pnenarnena , Electr a-Cap i l la ry .)
El ectroces i s. -Aw ord proposed for cur

ing by electric ity.
El ectro-Chemi cal Equ i val ent. (See

Equ i v a lent , E l ectr a
-Cnern i ca l .)

El ectro-Chemical M eter .
—(See M eter ,

E lectr a CIt ern i ca l

El ectro-Chemi cal T el ephone—(See T el e
pnane, E lectr a-Cli em i ca l .)

El ectro-Chemi stry. (See

E lectr a .)

El ectro-Chromi c
E lectr a Clzr arn i c .)

El ectro-Contact M i ne—(See M i ne, El ec

tr a-Con ta ct .)

El ectro-Copper ing . (See

E l ectr a .)

El ectro-Crysta l l i zat i on .
—(See Cry sta l l i

z a t ton , E lectr a.)

C12em i stry ,

Rings—(See R i ng s ,

Ca?par i ng ,

El ectrocution .
—Capita l

means Of elec tric i ty .

pun ishmen t by

El ectrode—Either Of the termina ls Of an

elec tric source .

The term w as applied by Faraday to e ither of.

the conductors placed in an electroly tic ba th and
conveying the curren t in to it, and th is i s i ts s tr ict
mean ing. T he terms pole or termina l apply to
the ends Of a break in any electric c ircuit.

El ectrode, Aural —A therapeutic.

e lectrode, shaped for the trea tmen t O f the
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Anode, and the negative elec trode the Ka t/code.

No matter for wha t purposes employed , they are

genera lly in elec tro-therapeutics termed electrodes .

In prec ise us e these terms shou ld be restr icted
to the elec trodes when used for elec troly ti c de
compos ition .

T he elec trodes are made of diff erent shapes and
of differen tma terial s according to the character of
the work the curren t is to perform.

El ectrodes, Carbon , forArc-Lamps
Rods of a rtific ia l carbon emp loyed in are

lamps .

These are more proper ly ca lled simply arc

lamp carbons .

Arc-lamp carbons are moulded into
'

the shape
of rods , from plastic mixtures of carbonaceous
materia ls and carbon izable l iqu ids . O n the sub

sequen t carbon ization of these rods the ingredien ts
are caused to cohere in one sol id mass by the de
pos it of carbon der ived from the carbon izable
ma ter ials . (See Carbons , Ar t ifi ci a l . )
C arbons for arc-lamps are genera lly copper

coated , so as to somewha t decrease their res ist
ance, and insure a more un iform con sumption .

Arc-lamp carbons are sometimes provided w ith a

centra l core of softer carbon , which fixes the po
si tiou Of the arc and thus in sures a s teadier light .

(See Ca rbons , Cor ed. )

El ectrodes, Cored —Carbon elec

trodes O i a cyl indrica l shape provided w ith a

cen tral cyl inder Of softer carbon.

T he use Of cored e lec trodes for are lamps is
for the purpose of steadying the l ight by ma in ta in
ing the are in a cen tra l pos ition . This is effected
by the greater vapor iza tion of the softer carbon
of the core.

El ectrodes, Cyl indr ical Carbon
Carbon cy l inders used for elec trodes of arc

lamps , or for ba t tery p la tes .

El ectrodes, El ectro-Therapeut i c
Elec trodes Of various shapes emp loyed in

elec tro-therapeu tics .

T he elec tro-therapeutic elec trode, as distin

gu i shed from the indifferen t electrode , i s espec ially
shaped for the particular purpose for which it is
designed .

When the elec tric i ty i s in tended to a ffec t the
skin or superfic ia l portion s of the body on ly

,
i t i s

applied dry , and i s then genera lly meta l l ic . T o

reach the deeper structures, such a s the muscle
o r nerve trunks , moistened Sponge electrodes are
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employed . Before the ir us e the skin should be
thoroughly moistened. Sponge-electrodes are

genera lly made conducting by a solution of some

sa line subs tance, such as common sa l t.

El ec trodes, Erb
’
s Standard Size of

—Standard s izes of elec trodes
, general ly

adopted in elec tro-therapeut ics .

T he fol low ing s tandard s iz es have been pro

posed by Erb
, v iz

( I . ) Fine electrode . centimetre diameter.

Sma l l 2

M edium
Large 6 x 2
Very large x 1 6

El ectrodes, Non-Pol ar i zabl e
Elec trodes employed in electro-therapeut ics ,
tha t are so cons truc ted as to avoid the effects
Of polariza tion .

Non -polar i zable electrodes are Obta ined by “

employing two ama lgama ted zinc w ires , dipped .

into satura ted solution of z inc chloride placed in
glass tubes, and clos ing the lower ends of the

tubes by a piece of potter’s c lay . T he con tact oi
'

an elec trode so prepared w ith the tissues of the .

body does not produce a polar iza tion .

El ectro-Di agnosi s.—(SeeD i ag nos i s , El ec
tr a.)

El ectro-Di agnosti c. (See D i ag nost i c ,

E lectr a.)

El ectro-Dynamic At traction—(See At
tr a ct i on , El ectr a-Dy nami c.)

El ectro-Dynami c Capaci ty . (See Ca

fi a c i ty , Electra-Dy nami c.)

El ectro-Dynamic Induct ion .
—(See I nd i ra»

t i on , El ectr a-Dy nami c.)

E l ectro-Dynamic Repul s ion .
—(See Re

puls i on , El ectr a-Dy nami c .)

El ectro-Dynamics. (See Dy nami cs ,

El ectro-Dynamometer .
—(See Dy namom

eter ,

‘

E lectr a .)

El ectro-Etch ing.
—Electric etch ing . (See

Etc/Zi ng , E lectr a .)
E l ectrogenes i s.—Resu l ts fol low ing the

app l ica t ion of elec tric ity to the spina l cord or

nerve a fter the w i thdrawa l of the e lec trodes

El ectro-Gi l di ng. See G i l di ng , E lectr a .)
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El ectro-Kineti cs.—(See Ki net i cs , Elec

El ectrol ier .
—A chandel ier for holding

elec tric lamps , as d is tinguished from a chan
delier for holding gas-l ights .

El ectrol ogy .
—T hat branch Of science

which trea ts O f elec trici ty. (O bsolete )

El ectrol ysi s Chemical decompos ition
effected by means of an electric curren t.

When an electr ic curren t is sen t through an

electroly te, i . e. , a l iqu id which permits the cur

ren t to pass on l y by mean s of the decomposi tion
of the l iquid , the decomposition tha t ensues is
called electroly t i c decompos i t ion .

T he electrolyte i s decomposed or broken up

in to a toms or groups Of a toms or r adi ca l s , ca lled
ions .

T he i ons are of two distinct kinds , viz . : The

electro-pos i tive ions , or ka t/zion s , and the electr o

nega tive ions , or an i ons .

Since the anode of the source i s connected w ith
the electro-pos itive termina l , i t is c lear tha t the
a n ion s , or the el ectro-nega t ive ions , must appear
at the anode, and the ea t/l ions , or electro-pos i t iv e

i ons , mus t appear at the ka t/zade.

Hydrogen , and the meta ls genera lly , are

ka t/zions . O xygen , chlorine, iodine, etc .
, are

a n ions .

T he vessel conta in ing the electrolyte, in which
these decompos i tions take place, i s sometimes
ca lled an el ectroly t i c cel l .

An electroly tic cel l i s ca lled a vol tameter w hen
i t i s arranged for measuring the curren t passing
by means Of the amoun t of decompos i tion i t
eflects . (See Vol tameter . )

El ectr ol ysi s by M eans of Al ternati ng
Currents—Electrolyt ic decompos it ion cl

fected by means of a l ternat ing curren ts .

When an a lternating curren t i s passed through
dil ute sulphuric ac id , in a vol tameter provided
w ith large platinum electrodes, no vis ible decom
position occurs . If

,
however , the s ize of the

electrodes be decreased below a certa in poin t,
then visible decomposition occurs.

Verdet showed tha t when no other break ex

ists in the c ircu it of the a lterna ting curren t
w ithin the voltameter, no indica tions of elec
troly sis are obta ined , unless the a lternating
curren t i s very powerful . If, however, a break i s
made i n the secondary c ircu it, so tha t the dis
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charge has to pass as a Spark , then visible sign s
of e lectrolysis are produced by compara tive l y
feeble a lterna ting curren ts.
When electrolys is occurs by means of a lterna t

ing currents
( x. ) T he gases collec ted a t both electrodes .

have the same compos ition .

Where the quantities of electrici ty that a l
ternately pass in Oppos i te directions are unequa l ,
the electrodes show man ifest polariza tion , and ,

when connected by a conduc tor , yield a current
“

li ke a seconda ry battery .

T he electrodes man i fest no sens ible polar i
zation where the quan tities of electric ity tha t al
terna tely pass in Oppos ite direc tions are equal .

El ectrol ysi s, Faraday
’
s Laws of

T he princ ipa l facts of elec trolys is are given .

in the fol low ing law s :
T he amount of chemica l action in any

“

given time i s equa l in a l l par ts of the c ircu it .
T he number of i on s l ibera ted in a given .

time is proportiona l to the strength of the cur

ren t passing . Tw ice as grea t a curren t w i ll
l ibera te tw ice as many ions . T he curren t may

'

be regarded as be ing carr ied through the elec
troly te by the ion s : s ince an ion i s capable of

“

carrying a fixed charge on ly of or electri

c i ty , any increase in the curren t strength necessi
tates an increase in the number of ions .

When the same curren t pas ses success ively
'

through severa l cel ls con ta in ing d ifl
’

erent
'

elec

trol y tes , the w eights of the ions l iberated a t the .

d iflerent
‘

electrodes w il l be equa l to the s trength
of the curren t mul tiplied by the

'

e lectro-chemical
equivalen t of the i on . (See Equiv a lence, E lec

tr o Clze/n i ca l , Law of . )
T he coenzi ca l equ iva len t i s propor tiona l to t i e

a tomi c w eig/zt divided by the v a lency . (See

Equiva len t , C/zemi ca l . )
The electroc hemica l equ iva len t of any elemen t

i s equa l to the weight in grammes of tha t elemen t
set free by one cou lomb of electric ity , and is found
by multiplying the elec tro-chemica l of hydrogen
by the chemica l equivalen t of tha t elemen t. (See

Equiva lent , E lectr o C/Zemi ca l .

El ectrol yte, Pol ari zat ion of —T he ~

forma t ion of molecular groups or cha ins , in
w h ich the poles of a ll the molecules of any

‘

cha in a re turned in the same d irec t ion , v iz

w ith their pos itive poles fac ing the nega t ive
p la te, and their nega tive poles fac ing the
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pos itive pla te. (See Cel l , Vol ta i c . Hypot/z

es i s ,

El ectrol yt ic or El ectrol y t ical .—Perta in
ing to electrolys is .

El ectrol yt ic Anal ysi s—(See Ana ly s i s ,
E l ectr oly t i c.)

El ectrol yt ic Cel l .—(See Cel l , El ectro

ly t i c, Tes la
’

s .)

El ectrol yt ic Cl ock .
—3(See Clock , Electro

ly t i c .)

El ectrol ytic Conduct ion—(See Conduc

t i on , Electroly t i c.)

El ectrol yti c Convect ion .
—(See Convec

t i on , Electroly t i c.)
El ec trol yt ic Decomposi t ion—(See D e

compos i t i on , E lectr oly t i c .)

El ectrol yt ic Hydrogen .
—(See Hy dr og en ,

E lectroly t i c.)

El ectrol yt ic Wr i ti ng .
—(See Wr i t i ng ,

E l ectr oly t i c.)

El ectrol yt ical l y .
—l n an electrolyt ic man

ner.

El ectrol yzabl e.
—Capab le of being elec

t rolyzed, or decomposed by means of elec

t ricity .

El ectrol yzed .
—Separa ted or decomposed

bymeans of elec tric ity.

El ectrol yz i ng.
—Caus ing or produc ing

e lectrolys is .

El ectro-M agnet .
—(See M ag net , E lectr a.)

El ectro-M agnetic Ammeter ,
—(See Am

meter , Electr a-M ag net i c .)

El ectro-M agneti c Annunci ator .
-(See

Annunci a tor , E lectra-M ag net i c .)

El ectro-M agnet ic Attracti on—(See At
t r a ct i on , E lectro-M ag net i c .)

El ectro—M agnetic B el l-Cal l .
—(See Ca l l ,

B el l , Mag neto
-Electr i c.)

El ectro-M agneti c B el l , Siemen s
’ Arma

ture —(See B el l , Electr o-M ag net i c,

S i emens
’Arma tur e Form.)

El ectro-M ag netic B rake.
—(See B r ake,

E lectro-M ag net i c.)

El ectro-M agneti c Cam—(See Cam,

Electro-M ag net i c.)

El ectro-M agnetic Dental -M al l et—(See
D enta l-M a l let, E lectra-M ag net i c .)

El ectro-M agnet ic Dr i l l .—(See D r i l l ,

Electra-M ag net i c.)

El ectro-M agnet ic Engi ne.
—(SeeEng i ne,

E l ectr a-M ag net i c .)

El ectro-M agnetic Ex pl oder.
—(See Ex

f loder , Electr o-M ag net i c .)

El ec tro-M agneti c Eye.
—(See Eye, Elec

tr o-AI ag net i c.)

El ectro-M agnet i c Impul se.
—(See [ m

pn lse, El ectr o-Jldag net i c .)

El ectro-M agnet ic Induction—(See 1 n

duct i on , El ectr a-M ag net i c .)

El ectro-M agnet i c M edium—(See M e

d i um, Electr o-M ag net i c .)

El ectro-M agnet ic l i s ten—(See M eter ,

Electr a-M ag net i c .)

El ectro-M agnet i c M omentum of Sec

ondary Ci rcu i t. —(See M omen tum, E lec

tr a-M ag net i c, of Seconda ry Ci r cu i t .)
El ectro-M agnet ic Pop-Gun .

—(See Pop
Gnn , Electr a-M ag net i c.)

El ectro-M agnetic Radi at ion .
—(See Ra

d i a t i on , Electr o-M ag net i c .)

E l ectro-M agnet ic Repul s ion .
-(See Re

puls i on , Electr o-M ag net i c .)

El ectro-M agnet ic Resonator.
—(See Res

ona tor , Electr o

El ectro-M agnet ic Shunt—(See S/zzcnt ,
E lectr o-M ag net i c

El ectro-M agnetic Sol enoi d.
-(See Sole

noid , Electr o-M ag net i c .)

El ectro-M agnet ic Stra i n .
—(See Stra i n ,

E lectr o-M ag net i c .)
'

El ectro-M agnet ic Stress—(See Str ess ,

E l ectr o-M ag net i c .)

El ectro-M agnetic Theory of Ligh t , M ax

wel l
’
s —(See n nt , M a x w el l

’

s Elec

tr o-M ag net i c Tneary of .)
El ectro-M agnet ic Vibrator .

-(See Vi

or a tor , Electro-M ag net i c .)

El ectro-M agnet ic Vol tmeter .
—(See Vol t

meter , E lectr a-M ag net i c .)
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A form of capillary electrometer i s shown in
Fig . 23 1 , in w hich a hor izon ta l gla ss tube w i th
a drop of ac id a t B ,

has i ts ends connected w ith
two vessels M and N , fi lled w ith mercury . If

a curren t be passed through the tube, a move
men t o f the drop towa rds t lze nega ti ve p a le

w ill be observed . Where the e lec tromotive
force does not exceed one vol t, the amoun t of
the movemen t i s propor tiona l to the e lec tro .

motive force .

El ectrometer , Quadrant —An elec

trometer in w h ich an electros ta t ic charge is
measured by the a t trac tive and repuls ive
force of four pla tes or quadran ts , on a l ight
needle of alumin ium suspended w ithin them.

The sec tors or quadran ts are of brass, and are

so shaped a s to form a hol low cy l i ndrica l box
when placed together . T he four sectors, or quad
ran ts , a re insulated from one another, but the
opposi te ones are connected by a conductingw ire ,
as shown i n Fig.

232. Al ightneedle
of aluminium, u ,

ma in ta ined at some
constan t poten tia l ,
by connec tion w i th
the inner coa ting
of a Leyden jar , is
suspended , gener

all y by two par

allel s ilk threads,
so as to freely sw ing ins ide the hol low box . This
needle

,
when at rest, i s in the position shown by

the d ot-ted l ines , w i th i ts axis of symmetry exactly
under one of the slots or Spaces between two
oppos ite sectors . (See Suspens ion , B i

T he quadran t electrometer, shown in Fig . 233 ,

has one of i ts quadran ts removed so as to show
the suspended a lum in ium needle.

A s imilar form of instrumen t i s shown in Fig.

234, w ith al l the quadrants in place
,
and the

whole in strumen t covered by a g lass shade.

T o use the quadran t e lec trometer the pa irs of
sectors are conn ected w i th the two bodies whose
differen ce of poten tia l i s to be measured , and the
deflection of the needle observed, genera lly
through a telescope, by mean s of a spot of light
reflected from a m irror a tta ched to the upper par t
of th e needle.

Sometimes the segmen ts a re made in the shape
of a cylinder , and the needle in the shape of a.

suspended rectangle .

Fig . 23 2. Qua dr a nt Elec

206 [Ele.

El ectrometer ,Regi ster i ng -An elec
trometer, the devia t ions of the needle of

w h ich are automatically regis tered.

23 3 . Quadr a nt Electr ometer , Slzom
'

ng Suspended

T he registra tion of this class of elec trometer i s
obta ined by means of photography . T he spot o i

Fig . 23 4 . Qua d r a n t Electr ometer .

light, reflected from themirror of the electrometer,
fa lls on a fi llet of sen sitized paper, moved by
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El ec tromot i ve Arrangement or Dev ice.

—(SeeAr ra ng ement or D ev i ce, E lectr omo

t iv e .)
El ectromot i ve Di fference of Poten t ial .

(See Poten t i a l , D lfi
'

er ence af E lectromot i v e.)

Electromoti ve Force—(See Far ce, Elec
tr omot i v e.)
El ectromot iveForce,Averago —(See
Far ce, Electr omot i v e, Aver ag e ar M ea n .)
El ectromoti ve Force, B ack or Counter

—(See Far ce, E lectr omot i v e . B a ck .)
El ectromoti ve Force, Di rect —(See

Far ce. E lectr omot i v e, D i r ect .)
Electromot i ve Force, Induct i ve

(See Far ce, Electr omot i ve, Induct i v e.)
El ectromoti ve Force, Secondary-Im

pressed
—(See Far ce, E lectr omot ive

,

Seconda ry
-Impressed .)

El ectromoti ve Force, Simpl e-Per iodic
—(See Far ce,

lElectr omot i v e, Simp l e

Per i odi c.)
El ectromot i ve Force, T ransverse

(See Far ce, El ectr omot i v e , T r a nsv er se.)
El ectromoti ve Impul se.

—(See Impulse,

Electr omot i v e.)
El ectro-M otograph .

—(See M a t ag r apn

Electr a.)

El ectro-M uscul ar.
—(See M uscu la r , E lec

tr a.)
El ectro-M uscul ar Exc i tation .

— (See Ex
ci ta t i on . E lectr a-M uscula r .)

El ectronecrosi c .
-Perta in ing to capital

punishmen t by means of electric ity. .

El ectronecrosi s.—Aword proposed for

cap ital punishmen t by means of elec tric ity .

El ectro-Negati ve Ions .
—(See Ions , Elec

tra-Neg a t ive.)
El ectronegatives.

—T he a toms or radica ls
tha t appear at the anode or pos it ive termina l
during elec trolys is .

T he an ions . (See Electrolys i s . An i an .)

El ectro-Nervous Exc i tab i l i ty .
—(See Ex

ci taai l i ty , Electr a-Nerv ous .)

E l ec t r 0 N ickel ing. (See Ni ckel i ng ,

Electr a .)

El ectro-Opt ics.—(See Op t i cs , El ectr a .)

[Ele.

El ectrophan i c.
—Perta in ing to capi tal pun

ishment by means of elec trici ty.

El ectrophan ical .—Perta ining to cap i ta l
punishmen t by means of electricity.

El ectrophani ze.
—T o infl ic t cap ital pun

ishment by means of elec tric ity .

El ectrophany . Cap ital punishmen t by
means of electrici ty.

T he word electr O phany would appear to be far
preferable to the word electrocu tion , s ince it is in
accordance w ith etymologica l usage, while elec
trocution is not.

El ectropl i i l a
—Adevotee of electricity .

El ec trophobiar
—Aword proposed for fea r

of elec tric ity.

El ectrophor i c.
—Pertaining to an elec tro

phorus . (See E lectr opnar us .)

El ectrophorus .
—An appara tus for the

produc t ion of elec tric ity
by electros ta tic in duc
t ion . (See I nduct i on ,

Electrosta t i c .)
Adisc of vu lcan ite, or

hard rubber B , con ta ined
in a meta llic form, i s rub

bed briskly by a piece of B

ca t’s skin and the in su
lated meta l lic disc, A, i s Fzg . 23 5 . El rd r opbom s ,

placed on the cen tre of the “ M g“?

vulcan ite disc , as shown in Fig. 235 .

T he nega tive charge produced in B
,
by fric

tion , produces by induction a positive charge on
the par t of A, nearest i t,
and a negative charge
on the part furthest from
it .
In this condition , if

the disc be ra ised from
the plate by means of i ts
insula ting handle, a s

shown in Fig . 236 , no

elec tr ica l eflects w il l be
noticed , since the two op
pos ite and equal charges
un i te and neutra l ize each Ftk'o 23 6 . El t cfr ot fim ,

other . If
,
however , the

disc A, be firs t touched by the finger , and then
ra ise d from the d isc B ,

i t w i l l be found to bepas
i t i vely cha rged .
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E l e c t r o-Physiol ogy .
—(See Plzy s iolagy ,

E lectr a.)

El ectropi cM edium.
—(See M ed i um, E lec

tr op i c .)
El ectro-Pl at i né.—(SeePl a t i ng ,

E lectr a .)

El ectro-Pl ating B ath .
—(See B a t/z, E lec

tro-Pla t i ng .)

El ectro-Pneumat i c Signal s—(See S ig
na ls , E lectr a-Pneuma t i c .)

El ectro-Pneumatic Thermostat . (See

Tnermasta t , E lectr a-Pneuma t i c .)
El ectropoi on Liqui d .

—(See L i qu i d , E lec
tropai on .)

El ectro-Posi ti ve Ions.—(See I ons , El ec
tra-Pos i t i v e.)

El ectroposi t i c .
—T he a toms or radical s

that appear at the ka thode or nega tive termi
nal of any source during electrolys is .

T he kathions . (SeeElectr oly s i s . Ka tni an .)
E I e c t r O-Prognosi s .

—(See Pr og nos i s ,

El ectro-Puncture.
—(See Punctur e, E lec

tr a.)
El ectro-Recept i ve Devi ces—(See D ev i ce,

El ectr a-Recept i v e.)

El ectro-Recepti veDevi ces , M ul tipl e-Arc
Connected — (See D ev i ces , E l ectr a

Recept iv e, M ul t iple-Ar c Cannected .)
El ectro-Recept i ve Devi ces, M ul t ipl e

-Se

r i es-Connected —(See D ev i ces , E lec

tra-Recept i v e, M ul t ip le-Ser i es-Cannected .)

El ectro-Recepti ve Dev ices, Ser i es-Con
h ooted —(See D ev i ces , El ectr a-Recep
t i v e, Ser i es Cannected .)

El ectro-Recepti ve Devi ces, Seri es-M ul

t ipl e-Connected —(See D ev i ces , Elec

tra-Recept i ve, Ser ies-M ul t ip le-Conn ected .)
El ectroscope.

—An appara tus for show ing
the presence of an elec tric charge, or for de
termin ing its s ign , w hether pos it ive or nega

t ive, but not for measuring its amoun t or

value.

In the gold-leaf electroscope, two gold leaves,
n , D , Fig . 239, suspended near each o ther , show
by their repuls ion the presence of an elec tr ic
charge. T wo pith ba lls may be used for the same

purpose .

208 [Ele.

The pith ba lls B ,
B , shown in Fig . 237, form

a s imple electroscope. If repel led by a charge, _

when approached by a s imi lar charge in S, they
w il l a t on ce be still further repel led, as shown by
the dotted l ines .

T o use an electroscope for determin ing the s ign of

Fig . 23 7 . Pi th B a l l Electr oscope.

an unknown charge , the gold leaves or pith balls are
fi rst s lightly repelled by a charge of known name,

as , for example, pos i tive, applied to the knob C ,

Fig . 239. They are then charged by the elec trified
body whose charge i s to be determined . If they
are fur ther repe lled , i ts cha rge is posi tive . I f

they are firs t a ttrac ted and afterwar js repel led
,

i ts charge i s nega tive .

T wo pos ts B , Fig . 239, connected w i th the

earth , increase the amoun t of divergence by in .

duction .

El ectroscope, Condensi ng ,Vol ta
’
s

An elec troscope emp loyed for the detec tion
of feeb le charges , the leaves of w hich are

charged by means of a condenser.

T he condensing electroscope, Fig . 238, i s

formed of tw o meta l l ic
pla tes , placed at the

top of th e instrumen t,
and separated by a

sui table dielectr ic .

T he upper pla te, P, is

removable by means

of the in su la ted han
d le , G .

T o employ the elec
troscope, as for exam

ple, to detect the free
Charge in 21“ unequal Fig . 23 3 . Condens ing Elec

ly hea ted crysta l Of tr osco
‘
f e,

tourma line , the c rysta l i s touched to the lower
pla te

,
while the upper pla te i s connected to the

ground by the finger . O n the subsequen t re

mova l o f the upper plate an enormous decrease



https://www.forgottenbooks.com/join


Ele.] 210 [Ele.

Th e principles Of electrosta ti cs are embraced
in the follow ing law s , viz

Charges of l ike name, i . e. , ei ther positive
or nega tive, repel each other . Charges of unl ike
name a ttract each other .

T he forces of a ttraction or repuls ion be
tween two charged bodies are directly propor
tiona l to the product Of the quan tities of e lec
tr ici ty possessed by the bodies and inver sely
proportiona l to the square of the dis tance be

tween them.

These law s can be demon s tra ted by the use of

Coulomb’s tors ion ba lance . (See B a l ance, Tar

s ion . )
C a lling q, and q 1 , the quan ti ties of elec tr ic ity

possessed by the two bodies, and r , the distance
between them, then, i f f, is the force exerted by
their mutua l action ,

f

El ectro-c hulos—(See T eclzn i cs , E lec

tra.)

El ectrothanasing.
—Producing dea th by

elec trici ty.

El ectrothanas i s.~—Aword proposed for

death by electric ity.

T he dea th refer red to here i s death other than
tha t caused by capita l pun ishmen t.

El ectrotll anas i se.
-T O produce dea th by

electricity.

T he dea th here referred to i s other than tha t
caused by capita l pun ishment .

El ectrothanatose. .

—T o cause death by
electricity.

El ectrothanatosic.
—Perta in ing to cap ital

pun ishmen t by means of elec tric ity.

El ectrothanatosi ng
'

.
—Caus ing dea th by

electricity.

El ectrothanatosi s—Aword . proposed for
death by electric ity.

The dea th here referred to i s death other than
that caused by capita l pun ishmen t.

El ectro-Therapeut ic B ath—(See B a te,

Electr a Tlzer apeut i c .)

E l e c t r o-T h e r a p eu t i c B reeze.

B r eez e. Electr a T/zer apeut i c .)

(See

El ectro-Therapeut ic Di ffusion of Our

rent—(See Cur r ent , D zfi
‘

usz
'

on of , Electr o

T lzerapeut i c .)

E l ectro-Therapeut i c Dosag e—(S e e

D osag e, Electro T lzer apeutz
’

ca l .)

El ectro-Therapeut ic E lectrode—(See
El ectr ode, Electr o T lzer apeut i c.)

El ectra-Therapeut ic El ectrodes—(See
El ectrode, Electr o T lzer apeut i c.)

El ectro-Therapeut ic Gal van izat ion .

(See Ga lv am
'

z a tz
'

on , Electr o T i ter apeutz
'

ca l .)

El ectro-Therapeut ic Head-B reeze

(See B r eez e, H ead , E lectr o Tfi er apeutz
'

c .)

El ec tro-Therapeut ics.—(See T /zer apeu

t z
’

cs , Electro.)

El ectro-Therapeuti st—(See l er apeu

tz
’

st , El ectr a .)

El ectro-Therapy.
—(See s erapy , E lec

tr o.)

E lectro-Th ermal M eter. See M eter ,

E lectro Tfi erma l .)

Electro-T i nn ing.
—(See T i nn i ng , Elec

tr o.)

El ectrot i s ic .
—Perta in ing to capita l pun

ishment by means of e lec tric ity.

El ectrot i sing.
—Produc ing cap ital pun ish

ment by means of elec tric i ty .

E1ectr0t i si s.—Aword proposed for cap i
ta l pun ishmen t by means of elec tric ity .

El ectroton ic Current—(See Cur r ent ,

E lectr otom
’

c.)

El ectroton ic Effect—(See Efi ect , Electro

ton i c .)

El ectroton ic Exc i tab i l i ty.
—(See Ex c i ta

bz
’

lz
’

ty , Electr otom
’

c .)

El ectroton ic State—(See Sta te, Electro
ton i c .)

El ectrotonus.
—A condition of a l tered

funct iona l ac tivity w hich occurs in a nerve
when subjec ted to the action of an electric
curren t.
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T he electroton ic s ta te i s produced by the

p assage through a nerve of a constan t curren t
.cal led the polar i zing curren t.
Elec trotonus i s a ttended by the modifica tion of

t he nerve in the fol low ing respec ts , v iz .

( I . ) In i ts electromotive force.

In i ts exc i tabil ity .

T he pas sage of the cons tan t curren t produces
a. change in the elec tromotive force of tha t part of
the nerve traversed by the curren t.
This a ltera tion in muscu lar ex citability may

c onsist in either an increased or a decreased func
t ional activi ty . T he decr eased fun c tiona l activity
o ccurs in the neighborhood of th e anode, or the

p ositive termina l , and i s called the anel ectrotom
‘

c

.s ta /e. T he incr ea sed functiona l activity occurs in
the neighborhood of the ka thode, or the nega tive
t erminal , and is ca lled the ka tlzel ectrotonz

’

c s ta te.

.(SeeAnelectrotonus . Ka thelectrotonus . )
This al tered functiona l activity affects not on ly

t he intr o pol a r par ts o f the nerve , or tha t par t
“

b etween the electrodes , but a lso the ex tr a -f ol a r

p or t ions , or , in other words , the rema inder of the
.n erve.

T he electroton ic state is character ized by tw o

v arieties , v iz . : those in which the electromotive
f orce of the n erve i s decreased , and those in which
the electromotive force of the nerve i s increased .

T hese varieties of electrotonus are called respec
t ively the n ega tive and posi ti ve phase of electro
t onus . (See E l ectr otonus , Nega tive Piza se of .

.E lectrotonus
,
Pos i ti ve P/za se of . )

El ectrotonus, Negati ve Phase of
A decrease in the elec tromotive force of a

n erve effected by sending a curren t through
'

the nerve in the Oppos ite direc t ion to the

nerve curren t. (See Cur r ent , Nerv e.)

El ectrotonus, Posi ti ve Phase of
.An increase in the elec tromotive force of a

nerve efi
'

ected by sending a curren t through
t he nerve in the same direction as the nerve
c urren t.
T he increa se in the electromotive force not on ly

.a ffects the portion s of the nerve in the in tra-polar
r egions , but in the extra polar reg ions as well .

El ectrotype.
—Atype, cas t , or impression

o f an objec t obta ined by means of elec tro
metal lurg

'y. (See M eta l lurgy , Electro. Elec

El ectrotyp ing , or the El ectrotype Pro

t. .

[Ele.

cess —O btain ing cas ts or cop ies of

objec ts by depos it ing metals in molds by
the agency of elec tric curren ts .

T he molds are made of wax , or o ther plastic
substance, rendered conducting by coa ting i t w ith
powdered plumbago .

T he mold i s connec ted w ith the nega tive
ba ttery termina l , and placed in a metall ic so lu
ti on , genera lly of copper su lphate, Oppos ite a

plate of meta llic copper , connected w ith the pos i
t ive battery termina l . As the curren t pas ses, the
meta l i s depos ited on the mold a t the ka thode,
and dissolved from the metal lic pla te a t the

anode, thus producing an
.
exact copy or cas t and

at the same time ma in ta in ing con stan t the s trength
of the bath .

El ectrozemi a .
—Aword proposed for cap i

ta l punishmen t by means of electrici ty.

El ec trum.
—Aname gi ven by the ancien ts

to various subs tances tha t could be readily
elec trified by fric t ion.

T he term electrum included a number of sub

s tances , but w a s applied ma in ly ei ther to amber
or to an al loy of gold and s ilver .

El ement—Any kind of ma tter w h ich can
not be decomposed in to s imp ler ma tter.

M a tter tha t is formed or composed of but

one kind of a toms .

O xygen and hydrogen are elemen ts or varie
ties of e lemen tary ma tter . They cannot be de
composed in to any thing but oxygen or hydrogen .

Wa ter , on the Con trary , i s compound ma tter ,

s ince it can be decomposed in to i ts constituent
par ts, oxygen and hydrogen .

There are about seventy w ell-known elements ,
some of which are very rare

,
occur ring in ex

tremely sma ll quan ti ties .

T he evidence of the true elemen tary condition
of many of the elemen ts i s based

, to a grea t ex
ten t, ou the fact tha t so far they have res is ted a ll

efforts made to decompose them in to s impler sub
s tances . We should bear in m ind

,
however , that

un ti l D tvy
’
s use of the vol ta ic battery , potash ,

soda , and many other similar compounds w ere re

ga t dcd a s true elemen t< It i s not improbable
tha t many of the now so-ca lled elemen ts , may
herea fter be decomposed in to s impler consti tu

cuts.

The follow ing table g ives the names , chemica l
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symbols , approximate atomic w eights and equiva
len ts of the princ ipa l elemen ts

Chemica l Equival ent.‘

A
p
p
r
o
x
i
m
a
t
e

A
t
o
m

i
c

W
e

i
g
h
t
.

S
y
m
b
o
l

.

O O O O O O O

O O O O O O O

z in ous , 65 . 4 in r
'

e

0 0 0 0 0 0 0

i n ous , in z
'

e

o o o o o o

0 0 0 0 0 0 0 0 0

O O O Q Q C O O O Q

0 0 0 0 0 0 0 0

o o o o o o o o o o o o

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 .

0 00 0 0 0 0 0

The electro-posi tive elemen ts or radica ls are

called fia t/t ions , and appear a t the ka thode or

Atomic:weig ht d ivided by the va lency . e lectro-negative termina l . The electro-nega tive:

El ement, Negati ve O ne oi the

subs tances forming a vol ta ic couple. (See
Coup le, Vol ta z

'

c .)
El ement, Negati ve, of a Vol tai c Cel l
-T hat elemen t or p la te of a vol ta ic cel l in to
w hich the curren t pas ses from the exci ting
fluid of the cel l .

T he p late tha t is not ac ted on by the el ec

trolyte during the genera t ion of current by

the cel l

T he copper or carbon p la te, respect ively,
in a z inc-copper or z inc-carbon couple.

It must be careful ly borne in mind that the
conductor a ttached to the nega t iv e el emen t of a

v ol ta i c p i le i s the pos i t iv e conductor or el ectrode

of t il ep i l e, s ince the curren t tha t flow s in to the
pla te from the l iqu id or electrolyte must flow out:

of the pla te where i t projec ts beyond the l iqu id .

E l ement of Current—(See Cur r en t , Ele
men t of .)
El ement of Storag e B atter y.

—(See B a t

l ery , Stor ag e, E lemen t of .)
El ement, Posi t i ve —Tha t elemen t or

pla te of a vol ta ic cel l from which the
~

curren t

pas s es in to the exci ting flu id of the cel l .

T he elemen t of a volta ic coup le w hich is
acted on by the excit ing fluid of the cell

(See Coup le, Val l a t
’

e.)
El ement , Them e-El ectr i c O ne of

the two metals or subs tances w hich form a

thermo-electric coup le . (See Coup le, T leer

mo

El ement , V01tai c O ne of the two

meta ls or sub s tances w hich form a vol ta ic
couple. (See Coup le, Volta i c .)

El ements, El ectri cal Cl ass i fi cat ion of

Aclass ifica tion of the chemica l ele-o

men ts in to two groups or c la sses according
to w hether they appear a t the anode or ka thode
when elec trolyzed.

T he chemica l elements may be arranged into
e lec tro-pos itive and elec tro-nega tive accordi ng to
whether , dur ing e lec trolysis , they appear a t the

negative or posi tive termina l of the source respec
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aga ins t the ear th
’
s a ttraction , through a distance

o f say ten feet, and placed on a sui table suppor t,
an amoun t of energy , equa l to the ten foot-pounds
o f work done on the weight, becomes poten tia l .
In the same manner i f the elementary a toms “

of

c arbon and oxygen ,
when combined so as to form

c arbon ic ac id , are ra ised or separa ted from one

another suffi c i en tly to decompose the carbon ic
a c id and separate the ca rbon from the oxygen , the

amoun t of poten tia l energy the ca rbon and oxygen
possess , a s a resul t of having been separa ted , i s
equa l precisely to tha t or iginally requ ired to sepa
rate them. In this manner each chemica l element
possesses a s tore of chemica l-poten tia l energy
peculiar toi t , and any elemen t w i th which it may

subsequen tly enter into combina tion . When ele

ments combine chemica lly this potentia l energy is
expended in produc ing hea t.

Energy , Conservat ion of —T he ih
des truc tibil ity of energy .

The tota l quan tity of energy in the un iverse i s
una l terable.

T he to ta l energy of the un iverse i s not, how

ever, avai lab le for the produc tion of w ork usefu l
for man .

When energy disappea rs in one form it reap

p ears in some other form . This i s ca lled the con
s er vo/i on or indes truct i bi l i ty of ene rgy . T he com

monest form in which energy reappears i s as bea t ,
and in this case some of the hea t is lost to the

earth by radiation . This degr ada t ion or di s s ipa

t ion of energy causes some of the energy of the

earth to become non-av a i l abl e to man .

Energy
'

is therefore ava i lable and non-ava i labl e.

(See Entropy . )

Energy , Correlat ion of A term
sometimes appl ied to the differen t phases un
der w hich energy may appea r .

Since energy i s indestructible, w hen i t d i sap
pears in one form or phase, i t mus t reappear in
another form or phase . T he correla tion of the

d ifferen t phases of energy, therefore, necessar ily
follow s from the fact that al l energy i s indestruc
t ible.

Energ y, Degradat ion of —Such a

d iss ipat ion of energy a s to render it non

ava ilable to man . (See Energy , Conserv a

t i on of . En tr opy .)

Ener g y , Di ss ipation of —T he ex

penditure or los s of ava ilab le energy.

[Ene.

Energ y , E l ec tr i c —T he power

w hich elec tric ity poss esses of doing work.

In the case of a l iqu id mass a t differen t levels ,
the l iquid a t the higher level posses s es a certa in
amoun t o f poten t i a l energy measured by the
quan t i ty of the l iquid at the higher level , an 1 the
ex cess of i ts lzeig/zt ov er i li a t of t il e

.

l ow er l ev el ;
or

, by the difference betw een the tw o levels . Any
difference o f level w i l l produce a flow of the l iqu id
f r om t/ze l n

'

gber to the low er l ev el
,
and dur ing

the flow of this curren t of l iqu id
,
poten tia l energy

w ill be lost, and a certa in amoun t of work w i ll be
done .

In the case of electric i ty , the dif er en ce of elec

tr i c l ev el
,
or poten t i a l , between any two poin ts of

a conductor , causes an electr ic cu rren t to flow
between these poin ts tow ard the lower electr ic
level, during which electr ic poten ti a l energy is

lost, and work is accomplished by the elec tr ic
cur ren t . (See Po/en t i a l , E l ectr i c. )
T he amop n t of this e lec tr ic w ork i s measured by

the qua n t i ty of el ectr i ci ty tha t flows , mu ltiplied
by the difi er en ce of poten t ia l under w hich i t
flow s . (See 7ou le . Vol t-Cou l omb. )
Electri c ene rgy , how ever , i s genera l ly mea 5 ~

ured in el ectr i c pow er , or r a te of doi ng el ectr i c

work .

Since an amper e i s one coul oni b-per -second , if
w e measure the difference of poten t ia l i n v ol ts

,

the product of the amperes by the vo l ts w il l g ive
the electr i ca l pow er in v ol t-amper es , or w a tts , or

un i ts of electr i c power . C E Wa tts . (See

Amper e. Vol t . Wa tt . )
O ne bor se power equals 550 foot-pounds per

second. O ne wa tt or volt-ampere 7 h. of a

horse-power , or one lzor se-pow er equa ls 746 vol t

amper es or w a tts
,
therefore :

Tbe cur ren t in amper es , mul tip l ied by t lze d if

f erence of poten t i a l i n v ol ts , div ided by 746 ,

equa ls t lze r a te of doing work. in lzor se-pow er s .

Thus , if .7 ampere i s required to opera te a

1 6 candle , n o a i , incandescent lamp , i t requ ires
wa tts per candle .

One Wa l l 394 foo t-pounds per minute .

O ne Wa tt . 737324 foot-pound per second.

T he Hea t Act iv i ty , or the hea t-per-second
produced by an elec tric curren t, i s a lso propor
t iona l to the product C E,

or the wa tts , for the
hea t is proportiona l to the squar e of the curren t
in amper es mu l t ip l ied by the r es i s tance in ohms ,
or C ’ R the w a tts. (See Ca lor imeter , El ec

tr i c .
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By O lzm
’
s Law (See O bm

’
s Law )

E

I?

But the electr ic pow er, or the w a tts , C E

If, now , w e substitute the va lue o f E, taken
from equation (2) in e qua tion (3 ) w e have

therefore C 2 R Watts .

T o determine the hea ting power of a curren t
i n sma l l ca lor i es , ca lling H , the amoun t of hea t
requ ired to ra i se 1 gr amme of w a ter through 1

°

C en t , and C ,
the curren t in amp eres

H C ’ R x .24 .

O r , for any number of seconds , t ,
H C 2 Rt X .24 .

( See Ca lor i e . )
But from 011 In ’

s Law ,

E

R X E= 4 X 4 = IO W 3 i t5 , 01
"

a nd the formula for e lectr ic power or the w a tts
C E. (2) B y s ubsti tu ting in equa tion (2)

a nd the va lue of C , in equation

E E2
C E= E X

E
z -

K
-Z VVa tts .

T ha t i s to say , the elec tr ic power in any par t of
'

a circu i t varies direc tly as the squa r e of the .

electromot i ve f or ce.

We, therefore, have three expres s ions for the
value of the w a tt

,
or t lte un i t of el ectr i c power ,

m

( I ) , or C R E

I

I

C E 2 Wa tts. ( I )
C 3 R Watts . (2)
E8

R Watts . (3 )

C E Wa tts ; or the electr ic power is pro

portiona l to the produc t of the qua n t i ty of el ec .

tr i ci ty p i f -J CCOfld , tha t passes , in amper es , and

the def er en ce of el ectr i c poten t ia l or l evel ,

through which it pass t s, in volts .

C ’ R Wa tts ; or the electr ic power
v aries di r ect ly as the r es is tance R,

wben t lze cur

r ent i s cons tan t
, or as the sqzia r

e of t lze cur r en t ,

i f the r es i s ta n ce i s constan t. Tha t i s to say , if
w i th a given resistance the power of a given
cur rent ha s a certa in value, and the curren t
flow ing through this same resis tance be doubl ed,
the pow er is f our t imes as gr ea t , or i s a s the

square of the curren t .
E:

R
Wa tts , or the elec tric power is i n

ver sely as the r es is tance R, w lzen the el ectro

mot ivef or ce i s cons tan t, a nd i s di r ect ly p r opor

t ion a l to t/ze squa r e of tlte el ectr omot i vef or ce if
fi re r es i s tance i s cons tant .

A c ircu i t of one oltm resistance W i l l have a

power o f one w a tt
,
w hen under an electromo

t ive force of one vol t , s ince i t would then have
a curren t of one amper e flow ing through i t , and

C E 1 . If, however , the resistance be ha lved
or becomes 5 ohm, then two amperes p ass , or

the pow er equa ls 2 w a tts .

T he power var ies as the squa r e of tbe electr o

mot iv e f or ce in any pa r t of a c ircuit, w lzen tbc

r es i s tance i s cons tan t in that pa rt. Thus 2 am

peres , and 2 volts , in a c ircui t of one ohm

resis tance, g ive a power , C E z 2 x 2
—
4 w a tts .

If now , R ,
rema in ing the same , the electro

motive force be ra ised to 4 volts , then since E, is

doubled , C , or the amperes , i s doubled ,
and C

E2 1 6

Y T

Energy , El ec tri c , T ransmi ss ion of

—T he transmiss ion of mechanical energy be
tween two d is tan t points connec ted by an

e lec tric conduc tor, by convert ing the me

chan ica l energy in to elec trica l energy a t one

poin t , send ing the curren t so produced
through the conduc tor, and reconverting the

electrical into mechan ical energy at the o ther
point .

Asystem for the elec tric transmission of energy
embraces :

A conduct ing ci r c ui t between the two

s ta tions .

An electr i c sour ce or ba tt ery of electr ic
sources or machines a t one of the sta tions , gener
a lly in the form f a dynamo-electric machine
or machines, for converting mechanica l energy
in to electric energy .

Electro-r ecep tive dev i ces , genera l ly electr i c

motor s , a t the other s tation fo r reconverting the

elec tric in to mechan ica l energy . (See M otor ,

E lectr i c. )

Energ y , Flow of —T heflow or trans
miss ion o i energy from the medium or d ie

lectric surrounding a conduc tor w hich is

d irec ting a curren t of elec tric ity on to the

conduc tor. (SeeLaw , Poy n t i ng
’

s .)

Energ y , Hysteres ial , Diss i pat ion of

w—T he dis s ipa tion of energy by means of
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hysteresis . (See Energy , D i ss ipa t i on of .

Hy ster es i s .)

Energy . K ineti c -Energy w h ich is
due to motion as d is t inguished from poten t ial
energy . (See En ergy , Poten t i a l .)

Energy-M eter .
—(See M eter , Energy .)

Energ y of Posi tion .
-(See Pos i t i on , Eu

ergy ref .)

Energy of Stress—(See Str ess , Energy

Energy , Potent ial —Stored energy .

Potency , or capab il ity of doing w ork.

Energy possessing the power or potency of
doing work , but not ac tua l ly perform ing such
work.

T he capacity for doing work pos s es sed by
a body at res t , aris ing from its pos i t ion as

regards the earth , or from the pos it ion of its

a toms a s rega rds o ther a toms, w ith which it
is capable of combin ing .

Apound of coal , i f ra ised vertica lly one foot,
possesses , as a mere w eight, an amoun t of energy
capable of doing an amount of work equal to one

foot-pound . T he a toms of carbon , however , of
w hich it i s composed , have been r a i sed or sepa

r a ted f r om tlzose of oxygen , or some other elemen
tary substance, and w hen the coa l i s burned , or
the carbon a toms fal l tow ards the oxygen a toms

(i . e . , un i te w ith them) , the coa l g ives up the

potentia l energy of i ts a tonis in the form of hea t.
Al l e lemen tary substances pos sess in the same

w ay a tomi c or clzemi ca l -po
’

en t/a l energy , or the

energy w ith which they tend to fa l l together,
or enter in to combination . This energy va r ies in
amoun t in differen t elemen ts and becomes kinetic ,
a s hea t , oncombination w ith other elemen ts . (See

Energ , Clzemi ca l Potent i a l . )

Energy, Radiant —Energy trans
ferred to or charged on the un iversal e ther.

Radian t energy is of three forms , v iz
( I . ) O bscure radia tion , or hea t.

Lum inous radia tion , or light .
Electro—magnetic radia tion .

Energy , Stat ic —Aterm used to ex

press the energy posses sed by a body a t res t,
resul ting from its pos ition a s regards other
bodies , in contrad is t inct ion to kinet ic energy
or the energy possessed by a body whose

[Ent.

a toms , molecules or masses a re in actual

motion .

Potent ia l energy.

T he genera l term for s ta tic energy is potentia l
ergy . (See Energy , Poten t i a l . )

Energy, Storage of —T he
'

change
from any form of kinet ic energy , to any form
of poten tia l energy . (See Energy . K i net i c .

Energy , Poten t i a l .)

Engi ne, El ectro-M ag net i c —Amo
tor w hose driving power is elec tric ity. (See

M otor , Electr i c.)

Engravi ng , Acoustic —Engraving
by the human voice.

In the Plzonogr apb, Gr apbop lzone and Gramo~

p/zone, a diaphragm, set in vibra tion by the

speaker’s voice, cuts or engraves a record of its

to-and-fro movements on a sheet of t in foil , 3

cylinder of hardened wax , or a specia lly coated
pla te of metal or glass . This record is employed
in order to r eproduce tbe speeclt . (See Pbonogr ap li . )
Engravi ng, El ectr i c —A method

for electrica lly etch ing or engrav ing a me

ta ll ic p late by covering it w ith wax , trac ing
the des ign on the wax so as to expose the

meta l , connecting the metal w i th the pos it ive
termina l of a ba t tery , and p lac ing i t in a

ba th oppos ite another pla te of meta l .
By the action of electrolys is the me ta l is di s

solv ed from the exposed por tion s and depos i ted

on the pla te connected w ith the other termina l
of the ba ttery . (See E lectr oly s i s . )
In this manner the des ign is obta ined in the

form of an etching or cutting o f the pla te.

By, connecting the waxed pla te to the negative
termina l of the electric source, the meta l w ill be
depos i ted on the exposed por tion s of the pla te

,

thus producing the des ign i n rel ie f. Un less

grea t care i s taken , this la tter method i s not ,

however , apt to produce a suffi c ien tly un iform .

deposit to enable the pla te so formed to be u sed

for pr in ting from .

Electric engra v irfg is sometimes ca lled el ectro

Entropy .
—In thermo-dynamics the non

ava ilab le energy in any sys tem.
—(Cla us i us

a nd M ay er .)
In thermo-dynamics , the ava ilab le energy

in any sys tem. Ta i t ,
_

T l i omson a nd M a x
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that is , to its atomic weight , divided by its
valency. (See Va lency .)
Thus, the a tomic weight of oxygen is s ixteen

times grea ter than the atomic w e ight of hydrogen .

O xygen is a diad ; tha t i s , has tw ice the combin

ing power of hydrogen . T he passage of a g iven
quan ti ty of electr ic ity w il l liberate eight times, by
weight, as much oxygen as hydrogen ; or , to put
i t in another way , the passage of a g iven quan
ti ty of electric ity w ill libera te two a toms of

hydrogen for every atom of oxygen .

T he a tomic w eight of chlorine is T he

passage of a g iven amoun t of electric ity w il l
l ibera te a w eight of chlorine greater than the
weight of hydrogen ; or

,
for every a tom of

chlorine i t w il l l ibera te one a tom of hydrogen .

Here the pa ssage of a g iven amoun t of electr ic ity
l iberates one a tom of the monad elemen t hydrogen
for every a tom of the monad elemen t chlor ine .

T he a tomic weight of gold i s and i ts

a tomici ty or va lency i s 3 . T he passage of a

given amoun t of electr ici ty w i ll l ibera te 19
723

in i c compounds as grea t a w eight of the

tr iad elemen t gold as of hydrogen ; or , w il l libera te
them in the proportion of one a tom of gold for
every three a toms of hydrogen .

Genera lizing, i t appears , therefore, that the
passage of the same quan tity of electric i ty through
an electrolyte libera tes the same number of a toms
of a monad element, no ma tter wha t the ir n a ture
may be . It libera tes one-hal f as many of the diad
a toms as i t does of the monads , and one-third a s

many of the tr iad a toms as of the monads .

Professor Lodge poin ts ou t , tha t assuming the
tru th of the theory tha t a curren t of e lectr ic ity
flow s in an electrolyte by means of a true electr ic
convection , each a tom carrying an electric
charge, then i t would seem tha t every monad
a tom carries an equa l charge of electr ici ty ,
whether i t be an atom of hydrogen , chlor ine ,
potassium, s ilver , or mercury . Tha t each diad
elemen t carr ies tw ice as much , and tha t each
triad elemen t carr ies three t imes as much .

In general , the number of a toms l ibera ted by a
given curren t of electric ity is equal to the num

ber of a toms of hydrogen , divided by the va lency
of the atom. T he electr ic charge , saysLodge ,
“ belonging to each a tom of matter , i s a s imple
mu ltiple ofa defin ite quan ti ty of electr ic i ty , which
quan tity i s an absolute constan t

,
qui te independen t

of the nature of the par ticular substance to which
the atom belongs .

”

[Eqw

The specific charge thus hypothetica ll y given ,
to

each atom of ma tter is believed never to be lost.
Atoms capable of en ter ing in to combination are

supposed to be Oppositely charged, and chemica l
affi n ity i s , according to this suppos ition , bel ieved
to be the resul t of themutua l a ttractions of Opposite
elec tr ic charges na turally and or iginally pos

sessed by the atoms of matter .

Lodge poin ts ou t the fol low ing resul ts which
na tura lly flow from the hypothesis tha t the atoms
of matter possess defi n i te positive and negative
charges of electric ity , v iz
( I . ) That the amoun t of electric i ty possessed

by each monad a tom is exceedingly smal l
,
being

abou t the hundred thousand mil l ion th pa rt of
the ordinary electrostatic un it, or less than the

hundred tr ill ionth of a coulomb .

T he charge being sma ll , the poten tia l is
necessarily low .

Probably someth ing be tween one and three
volts i s a high difference of potentia l be tw een two
opposi tely cha rged a toms .

T he nearness of the a ttracting a toms , how

ever , can cause a very s trong elec trosta tic a ttrae
tion between them.

Tha t chem ica l a ffin i ty
, or a tomic a ttracti on ,

i s caused by the presence of these electr ic charges .

Tha t the electr ica l force betw een two

atoms a t any distance i s ten thou sand m ill ion
billion bill ion times greater than their gravita tion
attraction a t the same d is tance , or , the force has.
an in tens ity per un i t of

“

mass capable of produc ing
an accelera tion ,

nearly one tr illion times greater
than tha t of gravity a t the earth

’
s surface .

Equi val ent, Chemi cal —T he quo
t ien t obta ined by dividing the a tomic w eight
of any elementary subs tance by its a tomic ity.

(See Wa gar, Atomi c . Atom i c i ty .)
T he ratio between the quan t ity of an ele

men t and the quan t ity of hydrogen it is

capable of rep lac ing .

T ha t quan t ity of an elemen tary subs tance
tha t is capab le of comb in ing w ith or rep lac

ing one a tom Of hydrogen .

The chemica l equ iva len t has a d ifi
’

eren t va lue
from the a tomic w eight whenever the va lency
i s grea ter than un ity . Thus the atomic w eight
of gold i s but s ince i n i c compounds one

a tom of gold is capable of combin ing w ith three
a toms of hydrogen , the weight of the gold equi va
len t to that o f one a tom of hydrogen i s one-third
of or
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Equi val ent Conduct i vi ty.
—(See Conduc

t iv i ty , Equi v a l en t .)
Equi val ent, E l ectro-Chemical -A

number represen ting the w eight in grammes
of an elemen tary subs tance l ibera ted during

electrolys is by the pas sage of one coulomb of

elec tricity. (See Electr oly s i s . Cou lomb.)
T he chemical equiva len t of a subs tance

mult ipl ied by the elec tro-chem ica l equiva len t
of hydrogen .

T he electro-chemica l equ iva len t i s , therefore ,
found by multiplying the e lectro-chemica l equ iva
len t of hydrogen by the chemica l equ iva len t of
the elemen t .
It may be determined exper imental ly tha t one

coulomb of elec tricuy , expended e lectrolytica lly ,
w ill libera te .0000105 gramme of hyd rogen .

Therefore a curren t of one amper e, or one cou lomb

per -second, w il l libera te .0000 105 gramme of hy

drogen per second . T he number .0000105 i s the

electro-chem ica l equ iva len t of hydrogen .

In the samemanner the electro -chem ica l equiv a
len .s of the other e lemen ts are obta ined by multi

p lying the elec tro-chemica l equ iva len t o fhydrogen
by the chemica l equiva len t of the substance.

Thus , the chemica l equ ivalen t of potass ium i s
therefore i ts e lectro-chemica l equiva len t i s
x .0000105 .00041 055 . By mul ti plying

the strength of the curren t tha t passes by the

electro-chemical equ iva len t of any substance w e

obta in the w eight of tha t substance l iber a ted by
electrolysis. (See Equ iv a l ence, E l ectr o C/zern ica l ,
l aw of . ) 1

T o determine the electro-chem ica l equ iva len t
of the o ther e lemen ts see table of chemica l equ iva
len ts on page 212.

0

Equival ent, Joul e’s —T he mechan
ica l equiva len t o f hea t . (See H ea t , M ec/za n

i ca l Equ i va l en t of .)

Equ ival ent of Heat , M echan ical

(See Hea t , M ec/za n i ca l Equ i v a len t of .)
Equi val ent Resi stance—(See Res i sta nce,

Equ i va len t .)
Equivol t.—A term proposed by J . T .

Sprague for the un it of elec trica l energy , ap
pl ied espec ial ly to chemical decompos ition .

Sprague defines an equ ivolt a s follow s The

mechan ica l energy of one vol t elec tromotive force
exerted under un it conditions through one equiva
.ent of chemica l ac tion in gra ins .

l

l

[Esc.

This term has not been generally accepted.

(See Volt-Coulomb. 70n le. )

Erb’s Standard Si ze of El ectrodes - (See
El ectr odes , Erb

’

s Sta nda rd Si z e of .)

Erg.
—T he un i t of w ork , or the work done

w hen un it force is overcome through un it
d is tance .

T he work accomp l ished w hen a body is
moved through a d is tance of one cen t imetre
w ith the force of one dyne. (See Dy ne.)
Adyne cent imetre.

T he work done when a w eight of one gramme
i s raised aga ins t gravity through a vertica l height
of one cen timetre i s equa l to 981 ergs , because
the weight of one gramme is 1 X 981 dynes , or

981 ergs .

T he fol low ing values for the erg, the un i t of
w ork , and the dyne , the un i t of force, are taken
from Her ing

1 erg 1 dyne cen timetre .

1 erg joule .

981 ergs 1 gramme centimetre.

ergs 1 foot gra in .

1 3 , ergs 1 foot-pound .

1 dyne milligrammes.
1 dyne gra in.

1 dyne grammes .

1 dyne 596 ounce avoirdupois .

dynes 1 gra in .

981 dynes 1 gramme .

Ergmeter .
—An appara tus for mea suring

the work of an elec tric curren t in ergs .

Erg-ten . Aterm proposed for ten mil l ion
ergs or 1 x 10

10=

In represen ting large numbers con ta in ingman y
ciphers the follow ing plan i s genera lly adopted for
represen ting the number of c iphers tha t a re to be
added to a g iven number . Thus , suppose i t is
des ired to represen t the number
When w r itten 38x 10

8 i t ind icates tha t 38is to
be multiplied by 108 or or

,
in other

words , tha t 38 is to be fol lowed by 8c iphers ,
thus
A nega tive exponent, as 3 x represen ts

the corresponding dec ima l thus , .00000003 .

1 erg x 101 0, or 10 i s ca lled an

erg ten . 1 X 10
6

an erg s i x . These terms
are not in genera l u se. T en meg-ergs i s a pref
crable phrase to an erg

-ten . (See {Veg -erg . )

Escape, El ectr i c —A term some



Esc.] 220

times employed to in dicate the loss of charge
on an insula ted conductor. (See Leakag e,

Escap ing Fl ui d, Fl ow-Lines of

(See Flow-L i nes of Escap i ng Flu i d .)

Escap ing Fl uid, Stream-Li nes of
l (See Str eam-L i nes of Escap i ng F l u i d .)

Essential Res i stance—(See Res i sta nce,

Essen t i a l .)

Etchi ng, El ectro -A term some

t imes emp loyed ins tead of electro-engraving .

(See Eng r avi ng , E l ectr i c .)

Etch i ng , Gal van ic —Elec tro-En
grav ing. (See Eng r a v i ng , Electr i c .)

Et l i er .
—T he tenuous , highly elas t ic fluid

tha t is assumed to fi ll a l l Space , and by vibra
t ions or w aves in w h ich l ight and hea t a re
transmi tted .

Although the exis ten ce of the e ther is assumed
in order to expla in cer ta in phenomena , i ts actua l
exis tence i s very genera lly credited by scien tific
men

,
and , i n rea lity , proofs are not wan ting to

fa irly establish such existence.

Light and hea t a re believed to be due to trans
verse vibra tions in the ether . M agnetismappears
to be due to whirls or whirlpoo s , and an elec
tric curren t i s believed by some to be du e to

pulses of w aves of ether set in motion by differ .

ences in the ether pressures .

It i s not correct to regard the lumin iferous
ether as possessing no we ight , or as being im
ponderable . M axw ell e stima tes i ts dens ity as

936 that of w a ter. It

i s very readily moved or set into vibra tion , i ts

1

ri gi di ty bei ng estimated a t abou t

that of steel .
According to the speculation s of some physi

c ists the ether i s not discon tinuous or granu lar ,
bu t i t i s s imilar to w ha t might be rega rded as an

a lmost impa lpable jelly .

Ethereal .—Perta in ing to the un iversal
ether.

Eudiometer .
—Avol tameter in w hich sep

ara te gradua ted ves sels are provided for the
recept ion and measuremen t of the gaseous

products evolved during electrolys is . (See

Vol tameter .)

[Eva.

In all cases electrodes for eudi ometers must be
used which do not en ter into combina tion w i th the
evolved ga seous products . In the case of oxygen
and hydr ogen , pla tinum i s general ly used .

A form of eudiometer i s shown in Fig. 24 1 .

T wo separa te glass ves .

sels , provided a t the top

w ith s top cocks , and

open at their lower
ends , res t in a vessel of
wa ter A, over pla tinum
electrodes , connected
e lectrica l ly w ith binding
posts K, K. B oth v e s

sels are fi lled w ith wa ter
s lightly acidula ted w ith
sulphuric acid

,
and ,

w hen connec ted w i th
a battery of suffi cien t
elec tromotive force (not
less than vol ts) ,
e lectrolysis takes place , Fzg. 24 1 . Eud iometer .

and hydrogen gas col lec ts in the vessel over
the pla tinum elec trode connected w ith the n eg
a tive battery terminal

, and oxygen in the vessel
over the electrode connected w ith the pos itive
ba ttery termina l . T he volume of the hydrogen
i s approximately tw ice as grea t as tha t of the
oxygen . (See Wa ter

, E l ectroly s i s of . )
T he proportion i s not exactly 2 to 1 , because,

Some of the hydrogen is occluded or ab

sorbed by the pla tinum electrode.

Some of the oxygen i s given o f? a s tri

a tomic oxygen , or ozone, which i s denser and

occupies less space than free a tomic oxygen .

Eudiometr i c.
—Perta ining to the eudiom

e ter. (See Eud i orn eter .)

Eudiometr i cal l y.—By mean s of the endi

ometer.

Evaporation—T he change from the l iquid
to the vaporous s ta te.

Wet c lothes exposed to the a i r a re dr ied by th e
evapora tion of the wa ter.

Evapora tion i s greater
T he more extended the surfaces exposed .

T he hi gher the tempera ture of the a ir.

T he dryer the air, or the sma ller the
quan tity of vapor i t con ta ins a lready .

T he s tronger the w ind .

T he sma ller the barometri c pressure .

Evaporat ion , El ectr i c —T he forma
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l iving an ima l , or in producing an involun tary
con tract ion of a musc le .

Du Bois-Reymond has shown tha t these effects
depend

O n the strength of the curren t employed.

T he exc itabili ty occurs on l y when '

the curren t
begins to flow ,

and w hen i t cea ses flow ing ; or ,
when the e lectrodes first touch the nerves , and
when they are separated from i t. Subsequen t
investiga tion s have shown tha t this i s true on ly
for the frog

’
s nerves , and i s true for the human

nerves only in the case of modera te currents ,
strong curren ts produc ing tetanus.

O n the rapidity w i th which the curren t
used reaches i ts maximum value , tha t i s, on the

rapidity of change of cur r en t dens i ty . (See

Cur rent Den s i ty . )

Exci tab i l i ty, El ectro-Nervous
In elec tro-therapeut ics the elec tric exc ita t ion
of a nerve.

Exci tab i l i ty , El ectroton i c —T he
ac tua l exc i tab il ity of a nerve w hen in the

elec troton ic cond ition . (See E lectr otonus .

Anelectrotonus . Ka t/zelectrotonus .)
Exci tabi l i ty , Faradic —M uscular or

nervous exci tab il i ty fol low ing the employmen t
of the rapidly in termit ten t currents produced
by induct ion coi ls . (See Coi l , Induct i on .)
Faradic excitab i l i ty is d ifferen t from ga lv an i c

ex ci taoi l i ty ,
or that produced by mean s of a con

tinuous volta ic curren t . (See Ex ci tabi l i ty , Ga l

v an i c. )
Exc i tabi l i ty , Gal van i c -A term

sometimes employed for elec tric exc itab il ity
of nerve ormuscular fibre . (SeeEx c i ta bi l i ty ,
Electr i c, of Ner v e or M uscula r F ior e.)

Exci tat ion , Compensated, of Al ternator .

-(SeeAl ter na tor , Compen sa ted Ex ci ta ti on

Exc i tat ion , Di rec t —T he exc itemen t
of a muscle by p lacing an electrode on the

muscle i tself.

Exci tat ion , El ectro-M uscul ar

In elec tro-therapeutics the galvan ic or faradic
exc ita t ion of the musc le, or its exc ita t ion by
the con t inuous curren ts of a volta ic ba t tery , or
the a l terna t ing curren ts of an induc t ion coil .

Exc i tat ion , Faradi c —Excitat ion of

musc le or nerve fibre by means of rap id ly

[Ex h..

al terna ting curren ts of electric ity. (See
Ex c i tabi l i ty , Fa r a d i c .)

Exci tat ion , Indi rect
men t of a muscle from its nerve .

Exci ter ofFiel d.
—(SeeF i eld , Ex ci ter of .)

Exc i ting Li quid of Vol ta ic Cel l . —(See
Cel l , Val ta i c, Pr ima ry , Ex ci t i ng L iqu i d of .)

Execut ion , El ectr ic —Caus ing the

dea th of a crimina l , in cases of cap ital pun
ishment , by means of the elec tric curren t.

T he exc ite-r

Elec tric execution has been adopted by the
State of New York, in accordance w ith the :

follow ing law
“ T he Court shall sen tence the pr isoner to

death w ithin a certa in week , naming no day or

hour , and not more than e ight nor less than five
'

weeks from the day of sen tence. T he execution
mus t take place in the Sta te pr ison to which con
v icted felons are sen t by the Cour t, and the ex ecu
tioner must be the agen t and w arden of the prison .

“ No newspaper may pr in t any details of the

execution , w hich i s to be infl icted by e lec tric ity .

Acurren t of electr ic ity i s to be caused to pa ss
through the body of the condemned of sufficient
in tensi ty to kill him, and the application i s to be :

con tinued un til he i s dead .

”

Exhaust ion ,
El ectr ic —Phys iological

‘

effects resemb l ing those produced by sun

s troke, resul t ing from prolonged exposure
to the radiat ion of unsua l ly large vol ta ic arcs ,

(See Sun-Stroke, E lectr i c .)
Exhaustion of Pr imary Vol taic Cel l .

(See Cel l , Vol ta i c, Pr ima ry , Ex /za usti on of .)

Exhaust ion of Secondary Vol tai c Cel l .

(See Cel l , Val ta i
'

c, Seconda ry , Ex l i a ust i on of .)

Exhaust ion of Vol tai c Ce11.—(See Cel l .
Vol ta i c, Ex lza ust i on of .)

Exhaust i on , React ion of —A con

di t ion of nervous and muscu lar irritab i l ity to

elec tric exc ita t ion when a certa in reac t ion ,

produced by a given curren t s trength , canno t
be reproduced w i thout an increase of current

s trength .

T he reaction of exhaustion may be regarded a s

a specia l variety of the reaction of degeneration .

(See D egener a t i on ,
Rea ct ion of . )

T he reaction of degenera ti on .

embraces the

follow ing modifications of i rri tabi li ty , Vi z
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Di sappearance or diminution of nervous
irr itability to both ga lvan ic and faradic Curren ts .

D isappearance of far d ie and increa se of

galvan ic irr itability of muscles, genera lly assoc i
ated w ith an increase of mechan ica l irr itabili ty .

(3 ) Disappea rance of faradic and increa se of

ga lvan ic muscular irri tability associa ted genera l ly
w i th increa sed mechan ica l irr itability .

Tardy
,
de layed con traction of muscles in

stead of quick reaction of norma l muscle.

M arked modifica tion s of norma l sequence
of con traction.

—Liebig Ro/zé .

Expand ing M agnet ic

Wai r l , Expa nd i ng M ag net i c .)

Expansion, Co-emcient of —T he
frac tiona l increase in the d imens ions of a bar

or rod w hen hea ted from 32 degrees to 33
degrees F. or from 0 degree to I degree C .

T he fractiona l increase in the length of the bar

is called the Cd efi ci en t of Linea r Expans i on .

T he fracti onal increase in the surface i s ca l led
the Co-cfi cien t of Surf a ce Expans ion .

The fractiona l increa se in the volume 15 ca l led
the Co-eji ci en t of Cubic Expans ion .

Expansion, El ec tr i c —T he increase

in volume produced in a body on gi ving s uch

body an electric charge.

A Leyden jar increases in volume when a

charge is impar ted to i t. This resu l t 15 d ue to an

expan s ion of the glass due to the electr ic charge.

According to Quincke, some subs tances, such as

resinous or o i ly bodies, man ifes t a con tr a ct ion of
v ol ume on the reception of an electric charge .

Ex pansion Joi nt —(See 7oi n t , Ex pa n

s ion .)
Expansion , Linear , Co-efli c i en t of

Anumber expres s ing the fract iona l increa se in
length of a bar for a given incremen t of hea t .
T he co-efii cien ts o f expan s ion o f a few sub

stances are g iven in the follow ing table :
T emp .

1 6 to 100 d egrees C . 000023
0 t

100

0 100 0 00001 67
o 100 o .oooor84
o I O O o.ooooo7 i

I 3 100 0 0000123
0 i oo . . o .ooooz8o
0 “

100

0
“

100 0000194
0 “

Ioo

—(Ant/zony 61° B r a ckett .

Expl oder , El ectric M i ne -Asmal l

magneto-elec tric mach ine used to produce the
curren ts of high elec tromotive force emp loyed
in the direc t fi ri ng of blas ts .

Expl oder , El ec tro-M agneti c —A
sma ll magneto-e lec tric machine used to pro

duce the curren ts of h igh elec tromo tive force
emp loyed in the direct fi ri ng of blas ts .

Expl orer , El ectr i c —An appara tus
opera ted by mea n s of induced curren ts , and
employed for the purpose of loca ting bul lets
or other foreign metal l ic subs tances in the

human body. (See B a la nce
, I nduct i on ,

Expl orer , M ag netic —A sma l l , fiat

coil of insula ted w ire , used , in connec tion w ith
the c ircu it of a te lephone, to determ ine the

pos it ion and exten t of the magne tic lea kage
of a dynamo-elec tric machine or other s imilar
appara tus . (See Mag netop/zone.)
Expl osi ve Di stance.

—(See D i sta nce, Ex
p los i v e.)
Extension Cal l-B el l . —(See B el l , Ex ten

s i on Ca l l .)
External Ci rcu i t—(See Ci r cui t , Ex ter

n a l .)
External Secondar y Res i sta nce. (See

Res i sta nce, Ex ter na l Seconda ry

Extra Currents—(See Cur r en ts , Ex tr a .)

Extraordi nar y Res i stance—(See Res i st

a nce, Ex tr a ordi na ry .)
Extra-Pol ar Reg iom—(See Reg ion , Ex

fr o-Pola r .)
Eye, El ectro-M ag neti c A term pro

posed for a certa in form of s park-mi crometer
employed by Hert z in h is experimen t on e lec
tro—magnetic rad ia t ion .

This appara tu s has recei ved the above name

because i t enables the observer to see or loca l i ze
an electromagnetic disturbance.

T he particular spark-micrometer that has re

ceiv ed the name of the electro-magnetic ey e had

the form of a circ le 35 centime tres in radius , and
was formed of a copper w ire 2m il l ime tres i n di
ameter. Like a ll Spa rk-micrometer c ircui ts , i t
had i ts termina ls separa ted by a smal l a irs pace .

Eye, Sel en ium —An artific ial eye in
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which a selen ium res is tance takes the place
of the retina and two s l ides the p lace of the

ey el ids .

T he selen ium resis tance is placed in the c ircui t
of a ba ttery and a ga lvanometer . When the

slides L, L, Fig. 244 , are shu t, the ga lvanometer

deflec tion i s less than when they are Open .

T he open ing of the aperture betw een the sl ides
L, L,

may be au toma tica lly accompli shed by the
action of the l ight itsel f, by moving them by an

electro-magne t placed in the c ircui t of a loc a l ba t
tery , and a selen ium res istance may be so arranged
tha t when l ight fa lls on it the slides L ,

L
,
are

moved together , and when the amoun t o f such
fi ght i s sma l l they are moved apart , by the action

Fac-Simi l e T el egraphy , or Pan tel eg

raphy .
—(See Tel eg r ap/zy , F a c-Simi le .)

Fahrenhei t
’
s Thermometer Scal e—(See

Sca le, Tlzermometer . F

Fa l l of Potent ia l .—(See Poten t i a l , Fa l l

Fal se M agnet i c Pol e Pole,

M ag net i c , F a l se.)

Fa l se Resi stance—(See Res i s ta n ce,

Fal se Zero.
—(See Zer o, Fa l se.)

Fan Guard.
—(See Gua rd , Fa n .)

Farad.
—T he prac t ica l un it of elec tric

capacity .

Such a capac ity of a conductor or condenser
tha t one coulomb of elec trici ty is requ ired to
produce in the conduc tor or condenser a

d ifference of poten tial of one vol t .
As i ii gases , a qua rt vessel w ill hold a quar t of

gas under un it pressure of one a tmosphere
, so, in

e lectr ic ity , a conductor or conden ser , whose capa
c ity i s one fa rad , w i ll hold a quan ti ty of elec tr ic ity
e qua l to one conlomowhen under an electromotive
force of one volt.
It may cause some perplexity to the studen t to

understand why there should be in elec tr ic ity one
un i t of capa ci ty to represen t the s i ze o f the vessel
or conduc tor, and another to represen t the

.amount or quantity of electr ic ity required to fi ll

224 [Fan

of a spr ing . In this way there is obta ined a

devi ce roughly resembling the d ila ta tion or con

. Fzg 24 4 . Selen i um Ey e.

traction of the pupil o f the ey e from the action of

l ight on the ir is . (See Pb
—
otorneter

,
Sel en ium. )

such vessel . But
,
l ike a gas, e lectr ic ity acts , in

efi
'

ec t , a s i f i t w ere very compress ible, so tha t the
quan ti ty requ i red to fi ll any condenser w i ll de

Fig 24 5 . Elev a t ion of Sta nd a r d i zed Conden ser .

pend on the e lectromotive force under which i t is
pu t in to the conductor or condenser .

For purposes of measurement
, capac ities of

conductors are compared w i th those of condensers

whose capac i ties are known in microfarads , or

fractions thereof. T he m icrofarad , or the

1

grea t s ize of a farad.

of a farad, i s used because of the very
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If the dynamo i s in good connec tion w ith the

ground , as is frequen tly the case in mar ine plants,
this faul t i s the same as a ground.

Faul ts , Local i zat i on of —Determin

ing the pos ition of a faul t on a telegraph l ine
or cab le by ca lcula t ions based on the fal l in
the poten t ial of the l inemeasured a t d i fferen t
poin ts , or by loss of charge, etc .

For deta il s
, see s tandard works on electr ica l

measurements.

Feed, Clockwork , for Are Lamps
An arrangemen t of c lockwork for obta in ing
a un iform feed motion of one or both elec

trodes of an arc lamp.

T he c lockwork i s automatically throv‘

vn in to or

ou t of ac tion by an elec tro-magnet, usua lly placed
in a shun t c ircui t around the carbons .

Feed, To —T o supplyw ith an elec tri c
curren t , as by a dynamo or other source .

Feeder .
— O ne of the conduc ting w ires or

channels through wh ich the curren t is d is
tributed to the ma in conduc tors .

Feeder , Standard or M ai n —T he
main feeder to w h ich the s tandard pressure
indica tor is connec ted , and w hose pressure
controls the pres sure at the ends of a ll the

other feeders .

T he term pressure in the above defini tion i s
used in the sense of elec tromotive force or diti er
ence of poten tia l .

Feeder-Wi reS.—(See Wi res , Feeder .)

Feeders—In a sys tem of dis tribution by
cons tan t poten tia l , a s in incandescen t elec

tric l ighting , the conduct ing w ires extend
ing between the bus-w ires or bars , and the

junc t ion boxes .

A feeder d ifi
'

ers from a ma in in tha t a ma in
consist! of a conductor tha t may be tapped a t any

poin t to supply a customer , w hile a feeder leads
direc t from the dynamo or other source to a ma in
and i s not tapped at any po in t.

Feeders, Negat i ve —T he feeders
tha t are connec ted w ith the nega t ive terminal
of the dynamo. (See Feeder s .)

Feeders , Posi ti ve —T he feeders tha t
are connec ted w ith the pos i t ive termina l of
the dynamo. (See Feeder s .)

[Fie.

Feedi ng Devi ce of El ectr i c Arc Lamp.

(See D ev i ce, Feed i ng , of a n Ar c L amp .

Feed , Clockw ork , f or Ar c-Lamps .)

Feedi ng-Wi re.
—(See W i re, Feedi ng .)

Feet , Ampere -T he produc t of the
curren t in amperes by the d is tance in feet
t hrough w h ich tha t curren t pas ses )

I t has been suggested tha t the term ampere
feet should be employed in express ing the str ength
of electro-magnetism in the field magnets of

dynamo-electro machines or o ther s imilar ap

para tus .

Ferr anti Effect—(See Ej ect , Fer ra n t i .)

Ferro-M agnet i c Substance—(See Sno

sta nce, Fer r o-M ag net i c .)

Fi bre, Quar tz —Afi bre suitab le for
suspend ing ga lvanometer need les , etc ., made
of quart z.
T he quartz fibre i s obta ined by fusing quartz and

draw ing out the fused ma teria l as a fine thread
,

i n a manner s imila r to the production of glass
fibres . Qua rtz fibres posses s marked advan tage
over s ilk fibres

,
in tha t they are times stronger

for equa l diameters , and espec ia l ly , in tha t they
return to the zero po in t, a fter very considerable
deflec tions .

Quartz fibres are readily obtained by fus ing
quartz pebbles together in the volta ic a rc, and

draw ing them apart w ith a rapid
,
bu t steady , uni

form motion.

Fi bre Suspension—(See Suspens i on ,

F ior e.)

Fi bre, Vul can ized Avarie ty of ia
sulat ing ma teria l su itab le for purposes not

requiring the highes t insula t ion .

Vulcan ized fibre is , how ever , ser iously a ffected
by long exposure to moisture.

Fibrone.
—An insula ting subs tance.

Fi el d , Ai r —Tha t port ion of a mag

net ic field in wh ich the l ines of force pass
through a ir only.

Fi el d ,Al ternati ng An elec tros ta t ic
or magnet ic field the pos it ive d irection of the

l ines of force in w hich is a lterna tely reversed
or changed in direct ion .

Fiel d, Al ternati ng El ec trostat ic
An elec tros ta t ic field , the ,

poten tia l of which
i s rap id ly a l terna ting .
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An alterna ting electros ta ti c field is, according
t o Tes la ’s experimen ts , produced in the neighbor
hood of the termina ls of the secondary of an in

d uction coil , through w hose primary , a lternations
of high frequency are pass ing .

Fi el d, Al ternating M agneti c. A mag
n etic field the d irec t ion of w hose l ines of

force is a l terna tely reversed .

Fi el d, Densi ty of -T he number of
'

l ines of force tha t pass through any field , per
un i t of area of cross-section.

Fi el d, El ectri c —A term sometimes
used in p lace of an electros tat ic field . (See

F i eld , Electr osta t i c .)

Fiel d, El ectro-M agneti c —T he Space
traversed by the l ines of magnetic force pro
duced by an elec tro-magnet . (See F i eld ,

.M ag net i c .)

Fi el d, E l ectrostat i c —T he reg ion of

e lectros tat ic influence surround ing a charged
body .

Elec trosta tic a ttrac tions or repu lsions take
p lace along certa in l ines cal led l ines of elec tro
s tatic force . These l ines of force produce a field
ca l led an electr os ta ti c field . E l ectr i c lev el or

potent i a l i s measured a long these lines , just as
gravita tion levels are mea sured w ith a plumb line
a long the lines of gravita tion force. (See Poten
t i a l , E l ec

t
r ic . )

Work i s done when a body i s moved a long the

lines of elec trosta tic force in a direction f rom an

o ppositely charged body , or tow a r ds a simi larly
c harged body , just as work is done aga inst
g ravity when a body i s moved a long the l ines of

g ravitation force, away from the earth’s cen tre,
o r vertica lly upwards.

Fiel d, Exci ter of —In a separa tely
e xcited dynamo-elec tric mach ine , the dyna
mo-electri c machine, vol ta ic ba t tery , or other
elec tric source employed to produce the field
o f the field magnets . (See M a c/zi ne, Dy na

mo-Electr i c .)
Fi el d, Intensi ty of —T he s trength

o f a field as measured by the number of l ines
o f force t ha t pass through it per un i t of area
o f cross-sec tion. (See Fi eld , Electrosta t i c.

Fi eld, M agnet i c —T he region of

[Fie.

magnetic influence surround ing the poles of a
magnet .
A Space or region traversed by l ines of

magnet ic force.

Aplace w here a magnet ic need le, if free
to move , w i ll take up a definite pos it ion , under
the influence of the l ines of magnet ic force.

Un i t strength of magne tic field i s the field
which would be produced by a magnetic pole of

un i t s trength a t uni t d is tance.

M agnetic attractions and repuls ions are
p

assumed

to take place a long certa in lines ca lled l ines of
magneticf or ce. T he directi ons of these l in es i n

any plane of a magnetic fi eld may be shown by
spr inkling iron fi lings over a sheet of paper held
in a hori zonta l position to a magnet pole inclined

Fay . 249. M agnet ic Field .

to the paper in the des ired plane and then gen tl y
tapp ing the paper .

T he groupings of iron fi lings so obtained are

sometimes ca lled magn et i cflgur es .

T he directions of the lines of force thus shown
w il l appear from an inspection of Fig . 249, taken
in a plane join ing the two poles of a stra ight bar
magnet, and Fig . 250, taken in a plane a t right
angles to the nor th pole of a stra ight hai r magnet.
In Fig . 249, the repu lsi on of the l ines of force

a t ei ther pole i s shown by the radia tion of the

cha i n s o f magnetized iron pa rticles . T he mutua l
a tt ract i on of unl ike polari t ies i s shown by the

curved lines .

In Fig . 250, the repulsion of the similarly mag ~

netized cha in s 15 c learly shown .

Lines of magnetic force are assumed to pass
out f rom the nor t/z pole and back aga in in to the

magnet at i ts south pole . This assumed direction
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is call ed the dir ection of the l ines of magnet ic

[Fi e.

Faraday expressed his conception of lines of

magnetic force as foll o
“ Every line of force mus t therefore be consid .

ered as a c losed circui t, passing, in some part of
i ts course, through a magnet and hav ing an equa l
amoun t of force in every part of i ts course . There

Fig . 25 0. M ag net i c Field .

exist l ines of force w i thin the magnet of the same
nature as those W i thout . What i s more, they are

exactly equa l in amount to those w i thou t . They
have a rela tion i n direction to those w ithou t and
are , i n fact , con tinuations of them .

”

When a conductor, such as a w ire through
which a power ful curren t of elec tr ic i ty is flow ing,
i s dipped in a mass of iron fi l ings, a cha in of iron
fi lings i s formed , the nor th end of which is urged
around the conductor in one direc tion and the

south end in the opposite direction , so tha t the
movable cha in of fi lings surrounds or gr ips the
conductor in concentric r ings or c i rcles .

T he dens i ty of a magn eti c f i el d i s d irectly pro
portiona l to the nu uber of l ines o f fo rce per un i t
of area of cross-section .

As ingl e l ine of f or ce, or a un i t [w e of / or ce , i s
such an in ten s i ty of fie ld a s exists i n each square

cen timetre of cross-sec tion of a un it magnetic
field .

Amagneti c field i s un if orm, or possesses un i

form i ntens i ty , when i t possesses the s ame
“

num

ber of l ines of force per square centimetre of area

of cross-sec tion .

Fiel d, M agnet ic , Al ternati ng —T he
magn etic field produced by means of an

a l terna ting curren t .

cuit through wh ich an electric curren t is flow
ing .

An electr ic curren t produces a magnetic field.

This was discovered by O ersted
in 1819, and may be shown by
sprinkl ing iron fi lings on a shee t
of paper , placed on the w ire
conductor convey ing the cur

ren t, a t right angles to the dirce
tion in which the curren t 15 pass
i ng . Here the lines of force

appear as concen tric c ircles , ex
tending around the conductor,
as shown in Fig. 25 1 . The ir
d i rection , as regards the length
of the conductor,

’

i s shown in
Fig . 252. T he elec tr ic curren t
sets up these magnet ic w lzi r ls

around the conductor on i ts

passage through it.
Tlze di r ection of t lze l ines of

magnet i c f or ce produced by an

e lec tr ic curren t
,
and h ence i ts

magnet i c pol a r i ty ,
depends on the direc tion in

which the elec tr ic curren t flow s . This direc tion

t ion of
'

Li nes of

Fiel d, M agnet ic, Di ssymmetrical
Afield w hose l ines of force are not symmet

rically dis tributed in ad jacen t ha lves .

Fi el d, M ag net ic, Expanding of

.Ah increas e in the lengt h of the l ines of mag
«

netic force in any field , or an increas e in the

length of their magnetic c ircu it .

Fiel d, M agnet i c, of an El ectr ic Current
—T he magnet ic field surrounding a cir
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Fiel d, M agnet i c, Uni form —Afield
t raversed by the same number of l ines of

magnetic force in al l unit portions of area of

c ros s-section . (See F z
'

ela
’

, M ag neti c.)

Fiel d, M agnet ic, Waste —A term
sometimes employed for s tray field . (See

F i eld , M ag net i c, Stray .)

Fiel d, Rotating-Current —A mag

n etic field produced by means of a rota ting
c urren t . (See Cur r en t, Rota t i ng .)

Fi el d, Un i form Densi ty of -Aun i

form dens ity in al l equal areas of cross

sect ion of field.

Fiel d, Vortex-Ring -T he field of

influence possessed by a vortex-ring .

Professor Dolbear poin ts out the fact tha t the
direc tion of the rota tion of a flu id con st i tuting a

vortex-r ing resembles the magnet flux in a mag .

netic field , and show s , from the action of such rings
on one another , tha t they pos sess a true field , or
a tmosphere of influence outside th eir actua l
bodies . He in fers tha t such rings possess true
polarity , s ince the motion s producing them have
differen t directions on opposite s ides or ends .

Figure of M er i t of Gal vanometer.
-(See

Ga lv anometer , F igur e of M er i t of .)

Figures, B reath —Faint figures of

condensed vapor produced by elec trifying a

coin , plac ing it momentarily on the surface of
a sheet of c lean , dry glass , and then brea th
ing gently on the spot w here the coin was

p laced .

T he mo is tu re collec ts on the e lectr ified portions
of the plate and forms a fa irly di stinct image of

the coin .

Figures, El ectr ic —Figures of various
shapes produced on electrified s urfaces by the

arrangemen t of dus t part ic les or vapor
ves ic les under the influence of electric charges .

Electr ic figures are of two varieties, v iz . :

Dus t figures .

Breath figures.

Figures, Lichtenberg
’

s Dust

Figures produced by w ri ting on a sheet of shel
l ac w ith the knob of a charged Leyden jar,

and

t hen sprinkl ing over the sheet dried and

p owdered sulphur and red lead, wh ich have

230 [Fi l .

been previously mixed together, and are so

rendered, respectively nega tive and positi ve.

The red l ead collects on the negative parts of

the shellac surface, and the sulphur on the pos i
tive par ts , in curious figures , known as Lic/i ten

berg
’
s Dus t Figures , one of which i s shown in

Fig. 254 .

Fig . 25 4 . Licntenberg
’
s Dust Fig ures .

These figures show very clearly tha t an electr ic
charge tends to creep irregularly over the surface
of an insu lating substance .

Figures, M agneti c Aname some

t imes appl ied to the group ings of iron fi l ings
on a sheet of paper so held in a magnet ic field
as to be grouped or arranged under the ih
fluence of the l ines of force of the same. (See

F i el d , M ag net i c.)

Fi l ament—Aslender thread or fibre .

T he term i s applied genera l ly to threads or

fibres vary ing con s iderably in diame ter.

Fi l ament , Current —At erm some

t imes employed in p lace of current s treamlet .

(See Streaml ets ,
Cur r ent .)

Fi l ament, M agnet i c —A polari zed
l ine or cha i n of ul timate magnet ic particles .

This i s sometimes ca lled a un if orm magnet i c

fi l amen t .

Abar-magnet possesses but two free poles .

When broken a t i ts n eutra l pomt or equator , the
bar w i ll develop free poles a t the broken ends .

Thi s is explained by con si der ing the magnet to
be composed of a number of separate particles,
separa tely magnetized . A s ing le cha in or fi la

ment of such particles i s ca lled a magnetic
fi lamen t. (See M agn et , Neutr a l Poin t of . M ag

net i sm
,
Hug/zes

'

Tbeory of . M agneti sm,

Ew ing
’
s Tlzeory of .)

Fi l ament of Incandescent El ectr i c Lamp.
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-(See Lamp , Incandescen t Electr i c , F i l a

ment of .)
Fi l ament , Un i form M agnet ic —A

term sometimes appl ied to a magnetic fi la
ment. (See F i lamen t , M ag net i c .)

Fi l aments, Fl ashed —Filaments for
an incandescen t lamp , tha t have been sub

jected to the flash ing process . (See Ca rbons ,

F [a s/Zing Processf or .)

Fi l amentousArmature Core.
—(See Cor e,

“Arma tur e, F i lamentous .)
Fi lm Cut-Out.—(See Czi t-O ut , F i lm.)
Finder , Induct ion —A term some

t imes employed for a magnetic exp lorer.

Fi nder , Posi t ion ,
El ectr i c —Ade

v ice by means o i w h ich the exac t pos ition of

an object can be obtained .

By means of a posi tion-huder a gunner can

be telephoned or otherw i se ordered to fire a t oh

jects he cannot see, and yet obta in a fa ir degree
of accuracy .

Fi nder , Range, El ectr i c —A de

v ice by means oi which the exac t d istance of

a n enemy ’

s ship or other target can be readily
d etermined .

T he opera tion ofan electric range-finder i s based
on a method somewha t s imi lar to the sol ving of a

triangle for the purpose of determin ing d istances .

If the ba se li ne of a tr iangle and the two angles
a t the base are known ,

the other two s ides and
the included angle can be determined .

In the range
-finder , the res istance of a German

s ilver w ire corresponds to the graduated arc of

the theodol i te used to measure the angles , and a

rheosta t, as a receiving instrument, measures the

v alues of the angles. T he base l i ne i s a con stan t,
so that the receiving instrument is marked in

y ards instead of angles . T o use the range
-finder,

two observers wa tch the targe t objec t con tinu
ously through a telescope. They do this and

noth ing else
, while a th ird observer watches a

galvanometer and so a lter s a resistance, bymoving
a con tac t or slide key a long a res i stance w ire, a s
to keep the needle of the galvanometer constan tly
at zero. T he exact distance being thus ascer

tained , the gunner can make the proper a l lowance
0

Describing i ts production he says In many of
Finder , Wi re —Any form of ga lva these experiments , when powerful effects are

nometer used to locate or . find the corre wan ted for a short time, i t i s advan tageous to use

sponding ends
“

of d ifferen tw ires in a bunched

cable.

T he d ifierentw ir es in a cable are usua lly tagged
and numbered at the end of the cable and at the

joints . T he telephone has been succes sfu l ly em

ployed as a w ire finder .

Fi reAl arm Annunci ator .
-(See Ann an

c i a tor , F i r eAla rm.)
Fi re Al arm, Automat i c
Ala rm , F i r e Automa t i c.)
Fi reAl arm Contact—(See Con ta ct , F i r e
Ala rm.)
Fi reAl arm Signal B0x .

—(See B ox , F i r e

Ala rm Sig na l .)
Fi reAl arm Tel egraph B ox .

—(See B ox ,

F i r eAla rm Tel eg raplz. )
Fi re B al l .—(Se

'

e B a l l , F i re.)

Fi re Cl eansing —(See Cleans ing , F i re.)

Fi re Exti ngui sher , El ectr ic —A
thermostat or mercury contac t , w h ich auto
matical ly completes a c ircui t and turn s on a

water supp ly for extinguish ing a fi re , on a

certa in predetermined increase of tempera
ture.

Fi re, Hot , St. E lmo
’
s —Aterm pro

posed by Tes la for a form of powerful brush
d ischarge between the secondary termina ls of
a high frequency induct ion coil . (See D i s

c lza rg e, B r ns/z-a nd-Spr ay .)
This form of St. Elmo’s fire d ifi

'

ers from the

ordinary form in being hot. Its genera l appear
ance i s shown in Fig . 255 , taken from Tesla .
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iron cores w ith the pr imaries . In such case a

very large primary coi lmay be wound and placed
s ide by side w ith the secondary , and , the neares t
termina l o f the la tter being connectt d to the

primary , a lamina ted iron core i s introduced
through the pr ima ry in to the seconda ry as far as

the streams w i ll permi t. Under these conditions
an excess ively pow erful brush , sevcra l inches
long, which may be appropr ia tely ca lled ‘St.

Elmo
’
s hot fi re ,

’

may be caused to appear a t the
o ther termina l of the secondary , producing s trik Fl ashed Fi l aments. ( See 1 7274 771 3 7213 ,

ing eii ects . It i s a mos t pow erfu l ozon izer ; so Fla

pow erfu l indeed , that on ly a few m inutes are suf.

fic ient to fi l l the whole room w ith the smel l of Fl as t‘eS’A‘W m l Sudden “ m uons

ozone , and i t undoubtedly possesses the qual i ty of in the intensity Of the aurora l l ight.

exc i ting chemica l a ffi n ities .

” Intermitten t flashes of aurora l l igh t tha t

Fi re, St.Elmo
’
s —Tongues of fa intly occur during the preva lence of an aurora .

luminous fire which s omet imes appea r on the (See Al l” 07 a 807 6 4 13 53 )

poin ted ends of bodies in connec t ion w ith the Fl ash i ng of Carbons , Process for the

earth , such a s the tops of church s teep les or (See Ca r bons , Fla g/t i ng Pr ocess f or .)
the ma s ts of sh ips .

Ca roons ,

Fl ash i ng of Dynamo-El ectr i c M ach i ne.

T he appearance Of the Si ' Elmo’
s fi re is due to

(See M a clci ne, Dy namo-E lectr i c, F l a s/zi ng
'

brush discharges of electr ic ity .

Fi shes, El ectr ic -Aterm appl ied to
Fl at Cabl e See Ca ble F la t )

various fi shes . such a s the eel and the ray ,

w hich posses s the ab il ity of p rotec t ing them Fl at Dup l ex Cabl e—(See Ca l le, F la t

s elves by g iving electric shocks to objects
touch ing them.

’

(See Eel , Electr i c .)

Fi sh ing Box .
—(See B ox , F i s/zing .)

Fi tti ngs or Fi xtures , E l ectr ic Ligh t
T he sockets , holders , a rms , etc . , requ ired

for hold ing or support ing incandescen t e lec tric
lamps .

Fi x ed Secondary. (See Seconda ry ,

Fixtures, Tel egraph ic —Aterm gen
eral ly l im ited to the various ly s haped supports
provided for the a t tachmen t of telegraphic
w ires .

Fixtures , Tel egraph i c House-Top
Telegra phic fi xtures p laced on the roofs of

buildings for the support of the l ines .

Fl aming Di scharge —(See D i scna rg e,

Fl ash , Si de —A sparking or la tera l
d ischa rge taking p lace from the s ides of a

conductor ,
w hen an impu ls ive rush of e lec

tric ity pas ses through it .

T he phenomenon o f s i d e flashing is due
i

to a.

la tera l discharge w hich takes the a l terna tive pa th,
ins tead o f a path of much sma ller ohmic res is t
an ce . T he tenden cy to s ide fli sh resul ts from
the fact tha t the meta ll ic c ircu i t possesses induc t
ance . (See P at /z, Al terna t ive. D isc/l a rge , Lat

era l . Inducta nce. )

Fl ashed Carbons . (See

Fl at Ri ng Armature .
-(See Arma tur e,

Fla t Ri ng .)

Fl ats—Aname sometimes appl ied to those
parts of commutator segmen ts the surface of

w hich , through w ear , ha s become low er than
the other portions . (See Commuta tor .)

Fl emi ng
’

s Gauss—(See Ga uss , Flem

i ng
’

s .)

Fl emi ng
’
s Standard Vol ta ic Cel l .—(See

Cel l , Volta i c, Standa rd , F l emi ng
’

s .)

Fl ex ibl e El ectr ic 'Light Pendan t . (See

Penda n t , F lex i ble Electr i c n lzt .)

Fl ex i bl e Lead.
— (See Lead . Fl ex iole.)

Floati ng B atter y , De l a Ri ve’

s.
—(See

B a ttery , F loa t ing , D e l a R i v e
'

s .)

Fl ow.
—l n hydraul ics , the quan tity of

w a ter or other flu id w hich escapes from an

orifice in a con ta in ing vessel , or through a

pipe , in a g iven t ime .

Fl ow-Li nes o f E scap ing Fl u i d.
—Lines

w ithin the mass of a fluid in mot ion , drawn a t
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Fl yer , El ectr i c —Aw heel arranged

so a s to be set into rota tion by the escape of

convec tion s treams from its poin ts when
connected w ith a charged conductor.
A whee l formed of

l ight radia l a rms P,
P
, P,

etc . , shaped as shown in
Fig . 256, and capable of

rota tion on the ver tica l
axisA, i s set in to rapid
rota t ion when connected
w i th the pr ime condue
tor of a fric tiona l or i n
fluence machine , through
the conv ection s tr eams of

air par ticles, which are F235 25 6 . Electr i c Fly”

shot 06” from the points or extremi ties of the

radia l arms. T he wheel is driven by the reac

t ion of these streams in a direction oppos ite to
tha t of their escape. (SeeD i scna rge, Convect i v e . )

Focus—Apoin t in fron t or back of a lens

or mirror, w here a l l the rays of l ight mee t or
seem to meet . (See Lens , Acnr oma t i c .)
Fog, El ectr i c —A dense fog w hich

occurs on rare occasions when there is an

unusual quantity of free e lec tricity in the

atmosphere.

Dur ing these e lec tric fogs the free e lectr ic ity o f

the a tmosphere changes i ts polar ity a t frequen t
in terva ls .

Fol lowing Horn of Pole Pi eces of

Dynamo-El ectr i c M ach i ne—(See H or ns ,

Fol low i ng , of Pol e P i eces of a Dy namo

E lectr i c M a clzi ne.)

F00t—Candl e.
— (See Ca ndle, Foot .)

F00t-P0und.
—A un it of work . (See

T he amoun t of work required to ra ise I

pound vertica l ly through a distance of I foot.
T he same amount of w ork

, v iz .
, 3 foot-pounds ,

i s done by ra ising I pound through a vertica l
distance of 3 feet, or 3 pounds through a vert i
cal distance of I foo t .
Apar t from a ir fr iction , the amoun t of work

done in ra ising I pound through I foot, v iz .
,
I

foo t-pound, i s the same w hether this work be

done in one second or in one day . T he pow er
,

or the r a te of doing work , is , however , very dif
feren t in the two cases. (See Pow er . )

Force.
—Any cause wh ich changes or tend s

[Eon

to change the cond ition of res t or motion of

a body.

Force, Centr i fugal T he force that
is supposed to urge a rota ting body directly
away from the centre of rota tion .

If a stone be ti ed to a str ing and whir led around ,
and the str ing break , the s tone w ill not fly off d i
rectly away from the centre, but w ill move a long
the tangen t to the point where i t was when the

s tr ing broke.

T he cen tr ifugal force in rea l ity i s the force
which i s represen ted by the tens ion to which the
s tring is subjected dur ing this rota tion .

Force, Coerci t i ve —A name some

times appl ied to coercive force. (See For ce,
Coer ci v e.)

Force, Coerc i ve T he power of re

s is ting magnetiza tion or demagnetiza tion .

Coercive force , in the sense of res isting demag
netization , is sometimes ca lled magneti c reten

t i v i ty .

Hardened s teel possesses grea t coerc ive force ;
tha t is , it is magnetized or demagnetized w i th
diffi cul ty .

Soft iron possesses very feeble coerc ive force .

It i s on accoun t of the feeble coercive force of

the soft iron core of an electra magnet tha t i ts
main value depends , s ince it is thereby enabled to
r apidly acqu ire i ts magnet ization , on the comple
tion o f a c ircu it through i ts coi ls , and to rapidly
lose i ts magnetization on the open ing of such

c ircu it.

Force, Contact Adifference of elec
trostatic poten tia l , produced by the contact of.
d iss imilar meta ls .

Tha t a differen ce of poten tia l i s produced by
the mere con tac t of diss imila r m ztals i s now gen

era l ly recogni zed . Such a force i s genera lly
ca l led the true contact force . (See For ce , T r ue

Con ta ct . )
Acco d ing to Lodge, a true contac t force has

no exis tence. There is no evidence , he thinks,
of a pecul iar el ectromotive force a t the po int of
con tac t, but tha t the phenomena a re due s imply
to the fac t tha t the meta ls a re immersed in a ir or

oxygen ,
w hich i s capable of combin ing w ith one

of them,
and tha t, therefore the cause of the

phenomena i s the grea ter act i on ,
for instance , of

the oxygen of the a ir on the zinc than on the

copper .
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According to this view , the volta ic effect i s

due not to the difference of poten ti a l be tween
the z inc and copper , but to the difference of the

action of the air or moisture.

Force de Cheval or Cheval Vapour .

T he French term for horse-power.

T he force de cheva l i s equa l to 75 kilogramme
metres per second, or foot-pounds per
min ute .

T he Engl ish horse-power is equa l to
foot-pounds per m inute . 1 force de cheva l equa ls
.98634 horse-power ; I horse-power equa ls
force de cheva l.

Force, E l ectr ic —T hc force developed
by electric ity.

This term is genera lly lim ited to the force of

a ttraction or repuls ion produced by an e lectro
sta tic charge .

Force, El ectromot i ve T he force
starting elec tricity in motion , or tending to

s tart elec tric ity in motion .

T he force w h ich moves or tends to move
electrici ty.

T he term i s an unfortuna te one . Str ictly speak
ing, electromotive force i s not a force a t a l l

at leas t, i t is not a force in the New ton ian sen se ,

where force is on ly tha t which ac ts on ma tter .

T he term elec tromotive force is genera lly w r i t
ten thus : E. M . F.

T he unit of electromotive force is the vol t.
When e lec tric induc tion takes place, there

results a change in the d i str lbu tion of the thing
ca lled electric i ty , whereby a movemen t occurs tha t
results in a positive and a nega tive charge . T he

cause which produces this movemen t i s ca l led the
e lectromotive force .

There is an un fortuna te wan t of un iformity a t

presen t i n the use of the term electromotive
force .

” By some, the electromoti ve force i s
'

re

garded as something which causes the diflerence
of poten tia l by others the e lec tromotive force i s
regarded as being produced by the d iflerence o f

poten tial ; and , by s till others , elec tromotive force
i s regarded as the en tire elec tr ic moving cause

produced by any source ; while anything less than
this i s ca lled by them poten tia l difference.

Those who regard the electromotive force as

the cause w hich produces the po ten tia l diflerence
look on the electromotive force as ac ting w ithin

the source and maintain ing a po ten tia l di fference
a t its termina lS.

Silvanus P. Thompson uses the term e lec tro
motive force in h is “ Elemen ta ry Lesson s in

Electri ci ty and M agnetism
”

as follows : “ T he

term ‘
electromoti ve force is employed to deno te

tha t which moves or tends to move electric ity
from one place to another . For brevity w e some
t imes wri te i t E. M . F. In this particular ca se i t
i s obviously the resu l t of difference of potentia l
and proportiona l to i t just a s in w a ter pipes , a
diff erence in level produces a pressur e , and the

pressure produces a flow a s soon a s the tap is

turned on
, so difference of poten tia l produces

e lectromotive force, and elec tromotive force sets
up a curren t as soon as a circu it i s comple ted for
the elec tr ic ity to flow through .

”

M ascar t and Joubert, in their work on
“ Elec

tric ity an l M agne l is n ,

” Vol . I . , say :
“ In a ll

cases the difference of potentia l V
I
—V may be

cons idered as produc ing the moti on of elec tr ica l
mas ses it i s often ca lled the elec tromotive force .

”

M axwel l, in h is Elemen tary Trea ti se on Elec
tricity ,

”
speaking of the poten tia l differences

which may be shown to exist a t the termina ls of

a Dan iell vol ta ic cel l when on Open c ircu it, says
This difference of potentia l i s ca l led the electro

motive force of a Daniel l cell . ”

Ba lfour Stewart, in hi s Elec tr ic ity and M ag

netism,

”
says : This difference of elec tr ic level

w e sha ll ca ll E, and , indeed , i t is merely a manner

o f express ing the cause of electromotive force .

”

Prof. Fleming, in h is “ Short Lectures to Elec
trica l Artisans , ” says T he difference of elec
tr ica l level or potentia l mus t be caused by some

e lectromotive force acting in the conductor .

Prof. Auth my , in “ A Review of M odern
Electrica l Theories , ” regards the potentia l d if
ference as due to electromo tive force . He says
D ifference o f poten tia l results from a changed

elec tr ica l d istr ibution , a n e lec tr ica l s train , and

represen ts the tendency to return to the s ta te of

equil ibr ium. Electromotive force i s the some

thing from w ithout tha t produced the electr ic
stra in .

”

Hering, in h is Pr inc iples of Dynamo-Electr ic
M achines , ” says D i fference of poten tia l is , as
the name implies

, the difference of e lec tr ica l po
tentia l betw een any two poin ts of a c ircu it, and
may , therefore , be applied to tha t a t the poles of
a machine, . ba ttery or lamp , or a t the ends of

leads , or, in genera l , to any two po ints in a c ir

cui t . T he term ‘
electromotive lorce ,

’ however ,
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a pplies onl y to themaximumdifference of poten tia l
w hich exis ts in the ci rcui t, or , in other words , the
tota l genera ted difference of poten tia l .

”

This last paragraph expresses the d istinction
between the two terms a s ordinar ily used in con

nection w ith dynamos and ba tter ies .

Force, El ectromot i ve, Absol ute Un i t of

—A un it of elec tromotive force ex

pressed in absolute or C . G . 8. uni ts .

T he one-hundred mil lionth part of a vol t,
s ince I vol t equal s t o

“
C . G . S. un its of elec

tromotive force. (See Un i ts , Pr a ct i ca l .)

Force, El ectromot i ve, Average or M ean

—T he sum of the va lues of a number of
s epara te electromotive forces divided by their
number.

T he square root of the mean s quare of the

elec tromot ive force of an a l terna ting or vari
able current.
When a w ire in the armature of a dynamo

electn
'

c machine cu ts the lin es of magnetic force
in the field of the machine , the e le tromo ti ve

force produced depends on the number of lines
of force cut per second . This w i ll vary for dif
feren t posit ions of the coi l . T he mean va lue of

the varying e lectromotive forces between the

brushes is the average elec tromo t ive force .

Force, El ectromot i ve, B ack —A
term sometimes used for counter elec tro
motive force.

C ounter elec tromotive force i s the preferable
term . (See For ce, E l ectr omotive, Coun ter . )

Force, El ectromoti ve, Counter

An opposed or reverse elec tromotive force,
w hich tends to cause a curren t in the oppo
s ite d irec tion to tha t actual ly produced by
the source.

In an electri c motor, an elec tromotive force
con trary to tha t produced by the curren t
w hich drives the motor , and w h ich is pro

portiona l to the velocity a ttained by the

motor.

Coun ter elec tromotive force acts to dimin ish
the cur rent in the same manner a s a res is tance
wou ld , and i s therefore sometimes ca l led spur i ous
r es i s ta n ce i I order to distinguish i t from an olzmi c

or tr ue r es i s ta nce.

Coun ter electromot ive force i s sometimes ex

pressed ln ohms , though i t is not a true o/un i c

r es i s t an ce. (See Res i s tance, Spur i ous . )

[Fun

T he coun ter electromot ive force of a vol ta ic
ba ttery is due to the pol a r i za t i on of the cells .

Since this force is due to the curren t in the cell , i t
can never exceed such curren t or reverse i ts direc
tion . It may , however , equa l i t and thus stop i ts
flow . (See Cel l , l ol ta ic, Pol ar i z a tion of . )
In a s torage cel l , the cha t g ing current produces

an electromo tive force coun ter to i tself, which, as
i n a motor, i s a true measure of the energy s tored
i n the cell . Economy requires tha t the electro
motive force of the charging curren t should be as

l i ttle as poss ible grea ter than tha t of the counter
e lectromotive force of the cel l i t i s charging .

In a vol ta ic arc a counter electromot ve force is
believed to be set up by polarization .

Force, El ectromoti ve, Counter , of Con

vecti ve Di scharge —Res is tance to the

passage of an electric discharge through a

h igh vacuum, somew ha t of the nature of a

coun ter electromotive force.

T he resistance t the passage of convec .i ve d is

charges, therefore, is due to the follow ing causes

True ohmic res i s tance .

Coun ter electromotive force .

Force, Electromot i ve, Counter, of M utual

Induct ion —T he counter electromotive
force produced by the mutual induc tion of

the primary and secondary c ircu its on each
other.

Force, El ectromot i ve, Counter , of Sel f

Induct ion -Tha t part of the impressed
elec tromotive force w h ich is producing , or

w h ich tends to produce , at any ins tan t a

c hange in the current s treng th .

Force, El ectromoti ve, Counter , of Sel f

I nduct ion of the Pr imary —Acounter
electromotive force produced in the primary
c ircui t of an induc tion coil by the ac tion
thereon of a s imple period ic electromotive
force.

T he coun ter elec tromotive force produced
in the primary c ircuit of an induction coil by
the appl ica tion of a s imple periodic impressed
elec tromotive force to the primary c ircuit.

Force, E l ectromoti ve, Counter , of Sel f
I nduction of the Secondary —A
coun ter elec tromotive force produced in the

secondary by the period ic variations in the

e ffective elec tromotive force in the seconda rv.
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Force, El ectromotive, Photo —Ao
electromotive force produced by the action of

light on selenium. (See Cel l , Sel en i um.)
Force. El ectromot i ve, React i ng Induc

t i ve, of thePrimary Ci rcui t —T he back
or counter electromot ive force produced in the
primary c ircuit by the curren t set up by in
duct ion in the secondary .

Force, El ectromoti ve, Secondary Im

pressed
—An electromot ive force pro

duced in the secondary coil or c ircui t by a

period ic elec tromotive force impressed on the
primary.

Force, El ectromot i ve, Simpl e-Per iodic
—Ah elec tromotive force which varies

in such manner as to produce a s imp le
period ic curren t , or an electromot ive force the
varia t ions of w h ich can be correc tly repre

sen ted by a s imple-period ic curve.

Force, Electromoti ve, Thermo —An
e lec tromotive force , or difference of poten tia l ,
produced by d ifferences of tempera ture
act ing at thermo-electric junc tions .

Force, El ectromoti ve, Transverse
An elec tromotive force exci ted by a mag

netic field in a subs tance in wh ich elec tric
displacemen t is occurring .

It is to a tran sverse electromotive force tha t the
Hal l effect i s due . (See Ej ect , Ha l l . )

Force, El ectromoti ve, Zigzag -An
elec tromot ive force, the curve of w h ich would
have the general form of a z igzag .

Force, El ectrostati c —T he force pro
duc ing the a t tractions or repuls ions of charged
bod ies .

Force, El ectrostat i c, Li nes of

Lines of force produced in the neighborhood
of a charged body by the presence of the

charge.

Lines extend ing in the d irec tion in wh ich
the force of e lec tros ta tic a ttrac tion or repu l

s ion acts .

An in sulated charged conductor produces
around i t an e lectros ta tic field , in a mann er some

wha t s imilar to the magnetic field produced by
a magnet or an electric curren t . (See Fi eld,

E lectr os ta ti c.)

[Fora

L ines o f e lec trosta tic force pas s through dielec
tr ics. Whether the force acts to produce e lec tro
static induction , by means oi a p olari zation of the

dielec' tr ic , or by mean s of a tens ion set up in the
'

substance of the dielectr ic, is not known .

'

Force, E lectrostat ic, Lines of, Assumed i
Flow of Ama thema t ical conception in
which the phenomena of electric ity are com

pared w i th the s imilar phenomena of hea t.

In hea t no flow of hea t occur s over i sothermal
surfaces , or surfaces a t the same tempera ture.

B etween differen t isotherma l surfaces , the flOW
wi l l vary w ith the power of heat conduction . In .

e lectr icity , no flow occurs over equ ipoten tial sur
faces. Spec ific inductive capac i ty corresponds to
hea t conducti vity , and the l ines of force to the

l ines of hea t conduc tion . (See Capaci ty , Specifi c
”

.

Induct i ve. )

Force, Lines of, Contract ion of

A decrease tha t occurs in the leng th of the

c ircular l ines of force tha t surround a c ircui t .

through w h ich an e lec tric current is pas sing ,

while the curren t is decreas ing in in tens i ty or
‘

s treng th .

T he contraction or decrease in the average
diameter o f the c ircular lines of force of an elec
tric c ircui t i s s imilar to the expan s ion or grow th
of lines of force, excepti ng tha t the movemen t i s
one of decrease in diameter , and takes place i n
the opposite directi on, i . e . , towards the c ir cu it,
instead of away from i t. (See For ce, Lines of , .

Gro wl /i or Expan s i on of . )

Force, Li nes of, Cutt ing Passing a .

conduc tor through l ines of magnetic force, 50'

a s to cut or in tersec t them.

T he cutting of lines of magnetic force produces
differences o f poten tial . This i s true w hether the '

conductor moves through a stationary field or

w hether the field itsel f moves through the

s tationary conduc tor , so tha t the lines of force and
the conduc tor cut one another. Thi s cut .ing i s

mutua l . Each line of force cuts and is cut by the
c ircui t. Since a ll l ines of force form c losed-cir
cuits or pa ths, the cu tting of the c ircu i t by the

lines of force , or the reverse , forms a link or chain ,
and the cutting takes place at the moment of

'

l ink ing or un linking, i . e . , of cutting.

Force, Lines of, Di ffusion of The

deflec tion of the l ines of magnetic force from.
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their ord inary pos it ion. between the poles
that produce them.

Force, Lines of, Di rec tion of —T he
d irec tion in w hich i t is as sumed tha t the l ines
of magnetic force pas s .

It i s generally ag reed to consider the lines of
magnetic force as coming out o f the north pole o f

a magnet and passing in to i ts south pole , as

shown in Fig. 257.

T his is sometimes ca lled the pos itive direction
of the lines of force and agrees in genera l w ith the
direction in w hich the electr ic curren t is assumed
to flow , w hich i s from the positive to the nega

tive. Tha t is to say , the l ines of magnetic force
are assumed to flow or pass out of the nor th pole
and in to the south pole of a magnet. O f course

there i s no d irect evidence of any flow , or o f any

particular d ire s tion character izing the l ines of

force . (See Field, Al agnetic. )
T he l ines of elec trosta tic force are assumed to

pass out of a pos itively charged sur face and in to
a negatively charged surface.

Force, Li nes of, Growth or Expansion of

—T he increase in the length of pa th
through wh ich l ines of force pass , consequent
on an increa se in the s trength of the mag

netization of a magnet , or on an increase in

the s trength of the magnetiz ing current.
The circular lines of forcewhich surround a con

ductor throughwhi ch a curren t i s flow ing, may be

regarded as starting from the surface of the con

duc tor and grow ing in size as they Spread out

wards , at the same time new l ines of force be ing
formed in their places . This action continuesw hil e
the strength of the current i s increasing, somewha t
l ike the series of concentric w aves w hich are

formed on the surface of wa ter
, when a s tone i s

dropped in to i t .
In their grow th or expansion outwards from

the conductor , i f th e l ine s o f force cut or pa ss
through neighbor ing conductors , they produce

(For .

—Arb itra

therein di fferences of elec tr ic p oten ti al , capable ,

on being connec ted by a conductor , of p roduc
ing elec tr ic curren ts .

Force, Lines of. Radiation of -T he

pass ing of lines of force out of the north
pole of a magnet or solenoid.

In gross matter a l l lines of magnetic induc tion
e ither pas s through magneti zed iron , or o ther
paramagnetic subs tance which surrounds an

e lec tric circuit . Since l ines of force pass through
a vacuum, the e ther w hich occupies such a space
mus t a lso be regarded as permitting the passage
of l ines of force.

Force, Loops of
—Aterm sometimes

employed in the sense of l ines of force . (See

For ce, M ag net i c, L i nes of .)

T he term L ines of Force is genera lly
a i opted in place of Faraday ’s term “m 5 of

Force .

Force, M ag net ic - T he force w h ich
causes the a ttrac tions or repuls ions o f mag
netic poles .

Force, M agnet ic, Li ne of

rily a s ingle l ine of magnetic force.

Prac t ica lly the l ines of magnetic force
w h ich pas s through a un i t area of cross-sec

t ion of a magnetic field of un i t s treng th.

Force, M agneti c, Li nes of —Lines
extend ing in the d irection in w h ich the mag

netic force ac ts .

Lines extend ing in the d irec tion in w h ich
the force of magnetic a ttract ion or repuls ion
ac ts . (See Fi elcl , Al ag net i c.)
Faraday regarded the l ines of magnetic force as

possess ing tens ion a long one direc tion . Lines of
force act as i f they w ere stretched e lastic threads .
posses sed o f the property o f lengthen ing or shor t
ening , and of repel ling one another .

Force, M ag netic, Li nes of, Conduct ing

Power for —Aterm emp loyed by Fara
day for magne tic permeabil ity. (See Ferme

a bi l i ty , M ag net i c.)

Force, M agnet ic, Lines of, Pos i t i ve
Di rect ion of —T he d irec tion in w hich
a free north-seeking pole would move a long

the lines of force w hen placed in a magne tic
field .
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Force, M agnetic, Tel l ur i c
—T he

earth
’

s magnetic force.

Force, M agneto
-M ot i ve —T he force

tha t moves or drives the l ines of magnetic
force through a magnetic circuit agains t the

magnetic res is tance .

ACommittee of theAmerican Institute ofElec
trica l Engineers on “ Un its and Standards ” pro
posed the fol low ing defin ition .

t’T he magneto moti ve force i n a magne 10 cu
Force, Resol ut i on of —T he separa

cu i t is 4 7x mul tiplied by the flow of the curren t
l inked w ith tha t c ir cu it. T he magneto-motive
force between two points connected by a line i s
the l ine in tegra l of the magnetic force a long tha t
l ine . D ifference of magnetic potenti al constitutes
magneto-motive force .

T he same commi ttee gave the electro magnetic
dimensiona l formu la Li M i T—l .

T he flow or flux of l ines of magnetic force in
any magnet ic c ircu it i s proportiona l to the mag

neto-motive force divided by the magnetic resist
ance or , expressing the law in the form of O hm’

s

law for curren t :
M agneto-M otive Force

Reluctance .

In this formula the word reluctance i s used in
place of magneti c res istance . In the case of an

e lec tro-magnet, the magneto-mot ive force i s pro
por tiona l to the strength of the curren twhich flows

.and the number of t imes i t C i rcula tes ; or , more
s imply , i s propor tiona l to the number of ampere
turns . . (See Turn s , Amper e. )

Force, M agneto
-M ot i ve, Absol ute Un i t of

—4 7r mul tipl ied by unit current of one

turn .

M agnetic Flux

Force, M ag neto-M oti ve, Pract ical Un i t
of -Avalue of the magneto-motive force
equal to 4 7: mul tip l ied by the amperes of one
turn , or to

.

1
a
0
.

of the absolute uni t.

Force, M otor El ectromot i ve —A
term proposed by F. J. Sprague for the

coun ter elec tromotive force of a motor.

During the rotation of the arma ture of an

e lec tr ic motor in i ts field, a coun ter electromotive
force i s produced in i ts coils , w hich a e ts as a

spur ious resistance and opposes the flow or pass
age of the dr iving curren t through i ts coils . As
the speed of the motor increases , this coun ter
electromotive force increases and the s trength of

t he dr iving cu rrent decreases un til a certa in

tion of a s ingle force , ac ting w ith a gi ven
intensity in a given d irection , into a number

of separate forces
ac ting in some other
d irection .

maximum speed i s reached , when , theoretical ly,
no current passes.

When a load i s placed on the e lectric motor,
the speed , and consequen tly the coun ter electro
motive force, i s decreased and more driving cur
ren t is permitted to pass . I t w as this considera
tion , v i z . : that

'

the load automa tical ly regula tes
the current requ ired to dr ive the motor , tna t led
to the name motore lec tromotive force. (See

For ce, E lectromotiv e, Counter .)

Thus the force D B
,

Fig. 258, acting w ith
the intensi ty and in the

direction shown , may 0

be resolved into tw o £33 25 8. Resolution (y

componen t forces , D
E and D C , acting in the directions and having
the intensi ties shown . T he s ingle force D B , has

been resolved in to two separate forces D E and

C D .

Force, T rue Contact A force or

effec t entirely d is tinc t from the vol ta ic effect ,
w h ich exists at the points of contac t be
tween two diss imilar metals .

T he truth of the existence of a true con tact force
a t the junction of diss imilar meta ls i s seen by the
reversible hea t effects observed , w hen a curren t
of electricity i s passed across a junction of two

dissimilar metals . When the curren t i s passed in
one direction , an increase of tempera ture is pro
duced , but when passed in the Opposi te direction ,
a decrease of tempera ture. (See Efl

'

ect
, Pel t ier . )

Hence there would appear to be a force existing
a t the junction ,

helping the electricity a long in
one direction , but Oppos ing i t i n the oppos ite di
rec tion . In one direction the elec tr ic ity does
w ork and consumes its own energy i n so doing .

In the other direction i t opposes the pa ssage of

the current , and there results a generation of

hea t .

Force, T ubes of —Tubes bounded by
l ines of electros tat ic or magnetic force.

L ines o f force never in tersec t one a nother.

Hence a tube o f force may be regarded as con
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Fri ct ion B rak e. (See B r a ke, Fr i ct ion .)

Frictional El ectri ca l M achi ne—(See
M a ck i ne . Fr i ct i ona l El ectr i c .)

Fr ict ional El ectr ici ty.—(See El ectr i ci ty ,

Fr i ct iona l .)

Frog, Gal vanoscopic —T he hind legs
of a recently kil led frog employed as an elec

t roscope or galvanoscope, by send ing an elec

t ric current from the nerves to the muscles .

(See El ect r oscope.)
In 1 786, Luig i Ga lvani made the observa tion

that when the legs of a recen tly k i lled frog were
touched by a metallic conductor connecting the

nerves w ith the muscles , the legs were convu lsed
as though a l ive. He repeated this experimen t
and found the move
ments w ere more pro

nounced when two dis
s imilar meta ls, such as

iron and copper , w ere
employed in the manner

shown in Fig . 260.

T he classic experi

men t created in tense
exc itemen t i n the sc ien
t ific wor ld , and Galvan i Fig . 26 0. Ca lva noscopzc

a t fi rs t bel ieved tha t he
had discovered the true vita l fluid of the an ima l ,
but afterwards recogn ized i t as electrici ty , which
he bel ieved to be obta ined from the body of the
an ima l . Volta c la imed tha t the movemen ts w ere

d ue to electricity caused by the contac t of d i ssimi
la r meta ls,and thus p roduced his famous volta ic
pile . (See Pi le, Vol ta i c. )

Frog , T rol l ey -T he name given to

the device employed in fas ten ing or holding
together the trol ley w ires at a ny point where
the trol leyw ire branches , and properly gu id ing
the trol ley wheel a long the trolley w ire on the

movement of the car over the track .

Frog , Trol l ey, Right-Hand —Atrol
ley frog used at the point where the branch

trol ley w ire leaves the mai n l ine on the righ t
of the direction in w h ich the car is moving.

Frog ,
T rol l ey , Standard T he trol

ley frog used at the point where two branch
l ines make equally converging angles to the

ma in l ine.

Frog , Trol l ey, Three-Way —Atrol

ley frog used where the l ine branches in three
d irect ions .

Fryi ng of Arc.
—(SeeAr c , Fry i ng of .)

Fulgur i te.
—A tube of vitri fi ed sand, be

l ieved to be formed by a bol t of l ightning .

The fulgur ite con sists of an irregular shaped
tube of glass formed o f sand which has been
melted by the electric discharge .

Ful l Contact. (See Con ta ct , M eta l l i c.)

Ful l er
’

s M ercury B ichromate Vol tai c

Cel l .—(See Cel l , Vol ta i c , F n l ler
’

s M er cury

Fulminate.
—T he name of a class of h ighly

e xp losive compounds .

Fulmina ting gold, s ilver and mercury are

highly explosive substances . Fulmina tes are

employed in percussion caps .

Function , Tr igonometr i cal Cer

tain quan tities , the values of w h ich are de

pen den t on the length of the arcs subtended
by angles , which a re taken for the measures
of the arcs or angles in s tead of the arcs

t hemselves .

T he tr igonometrica l functions arethe sine, the
co-s ine, the tangen t, the co-tangen t, the secan t
and the co-secan t.
These are generally abbreviated thus, viz . : sm

cos . , tan . , cot . , sec . and co-sec .

T he s ine of an angle or are i s the perpendic

u lar distance from one L

extremity of the arc to

the diameter pa ssing
through the o ther ex

tremi ty .

Thus in Fig . 26 1 B D , G

i s the s in e of the angle
B O A'

, or of the are,

B A.

T he co-sine of an an

g le 01
“

M C i s tha t pa rt Of Fig . 26 1 . Tr ig onomet r i

the diameter which lies ca l Funct ion

between the foot o f the sine and the cen tre. T hus,
D O , i s the co-s ine ot

‘

the angle B O A, or of the

a re B A.

T he co-sine of an arc is equal to the s ine of its
complemen t. Thus E O B , or B E,

the comple
men t of B Ahas for i ts s ine I B , w hich is equa l
to O D . (SeeAng ie, Comple men t of . )
If the arc is grea ter than a right angle, or 90
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degrees , such , for instance, as the angle T O G ,

or the are B E F G , B D ,
is i ts s ine. This i s a lso

the s ine of B O A, or B A,
w hich is the supple

ment of T O G ,
or B EF G . Hence the s ine of

an arc is equa l to the s ine of i ts supplement ."

T he same i s true of the co-sine .

T he tangen t of an angle or are i s a s tra ight
l ine touching the are at one extremity , d rawn
perpendicula r to the diameter at tha t end o f the

.arc, and l imited by a stra ight li ne connecting the
centre of the c ircle and the o ther end of the arc .

’Thus CA, i s the tangen t of the angle B O A,
or

the are B A.

T he co-tangen t of an angle or arc i s equal to
the tangent o f i ts complement. Thus E T , i s the

co-tangen t of the angle B OA,
or the are B A.

T he tangent o f an angle or a re i s equal to the
t angent of i ts supplement. ThusAC , is the tan

gent of the angle B O A, or the are B A. It i s

.a lso equa l to the tangen t of the angle B O G
,
or

the are B EFG the correspo i ding supplemen t of
'

the angle B O A, or the are B A.

T he secan t of an angle or are i s the stra ight
l ine draw n from the centre o f the c ircle through
one extremity of the arc and l imited by the tan
gent passing through the other extremity . Thus
0 C , i s the secan t of the angle B 0A, or of the

a re B A.

The secant of an angle or a re i s equa l to the

s ecant of i ts supplemen t .
The co-secan t of an angle or arc i s equa l to

t he secan t of i ts complemen t.
Thus 0 T ,

i s the co-secan t of the angle B 0A,

-or of the are BA.

It w il l be observed tha t the cos ine
,
the co .

t angent and the co-secan t a re respectively the

s ine , tangent and secan t of the complement of

the arc , or in other words , the complemen t-sine ,
the complemen t-tangen t and the complement
secant .

Fundamental Un i ts. (SeeUn i ts , Fa na
’

d

m enta l .)

Furnace, El ectr ic —A furnace in
w hich hea t genera ted electri ca l ly is emp loyed
for the purpose of effec ting difficul t fus ions
for the extraction of meta ls from their ores ,

or for other metallurgi ca l Operat ions .

In electric furnaces , the hea t i s der ived e ither
{ rom electric incandescence or from the volta ic arc .

T he la tter form is frequently adopted .

T he substance to be trea ted i s exposed direc tly -Aform

to the voltaic are. In some forms of furnace the
C rushed ore i s permi tted to fa ll through the arc

,

and the melted matter received i n a sui table v es
sel in w hich the separation of the substances so

formed i s a fterwards completed . In other forms
of furnace, the ore i s placed be tween two elec
trodes of carbon or other refractory substance,
between which a powerful curren t is passed . In

the Cow les furnace
,
when a luminium i s reduced ,

molten copper forms an a lloy w ith the a lumin ium
a s soon a s separated .

Very numerous applications of elect ricity to

furnace Opera tion s have been made .

Fuse B l ock—(See B lock , Fuse .)

Fuse Board.
—(See B oa rd, Fuse .)

Fuse Box —(See B ox , Fuse.)

Fuse, B ranch —A s a fety fuse or

s trip p laced in a branch c ircui t. (See Fuse,

Fuse, Conver ter —As a fety fuse con
n ected w ith the c ircu i t of a converter o r

tran sformer.

Fuse, El ectr ic -A device for e lec
t ri cal ly ign it ing a charge of powder.

Electric fuses a re employed both in blas ting
operations and for fi rin g cannon .

Electric fuses are operated either by means of

the direct Spark, or by the incandescence of a

thin w ire placed in the c ircu i t. They a re there
fore e i ther fi ig/z ten s i on , or low ten s i on f i l t er .

T he advantages of an elec tric fus e consist in
the fact that i ts use permi ts the s imul taneous fi r
ing of a number of charges in a min ing opera tion ,

thus obta in ing a grea ter effect from the explosion .

A fulmina te of mercury i s frequen tl y employed
i n connection w i th some forms of electr ic fuse5.

Fuse, El ectric, High-Tension A
fuse tha t i s ignited by the hea ting power of
an elec tric spark.

H igh-tension fuses , therefore , require a high
e lectromotive force. This i s obtained e ither by
means of induction coi ls or by some form of

e lec tros ta tic induction machine .

Fuse, E lectr ic, Low-Tension —A
fuse that is ign ited by hea ting a w ire to inca n
descence by the passage through it of an

e lectric current.

Fuse, El ectri c , Stratham
’
s
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of fuse ,
in which the ignition is effected by the

electric spark, is shown in Fig . 262.

T he spark passes through a breakAB , in the ln

sulated leads D . Sin ce gunpow

der i s not readil y ign ited by an

e lectri c spark , a peculiar pr iming
mater ia l i s employed at AB , in the

place Of ordinary powder .

Fuse Li nk s. (See L inks ,

Fuse.)
Fuse, M agaz i ne

—A
safety fuse so arranged as to

readily p ermi t the replacement
of the fuse w hen burned out .

Aspoo l conta ins a coi l Of fuse Fie 26 2.

w ire. In order to release the St r a t/zam
’
s

burned-out fuse, a w edge-shaped Fuse

device i s provided to Open the clamps tha t hold
the fuse s trip to release the portion s of burned .

ou t fuse left, and connection w ith the fuse s tr ip
i s severed w hile the a ttachmen t Of the new str ip
i s being made.

Fuse, M ai n —A sa fety fuse or s trip

placed in a ma in c ircui t. (See Fuse, Saf ety .)

Fuse, Pl at inum —A th in platinum
w ire rendered incandescen t by the passage of
an electric curren t and employed for the igni
t ion Of a charge Of pow der. (See F use,

E lectr i c .)

Fuse, Safety —A s trip , plate or bar

of lead , or some readily fus ible a l loy, tha t au
tomat ical ly breaks the c ircui t in w hich it is

p laced on the passage Of a curren t of suf

Gains.
—T he spaces cut in the fa ces of

telegraph poles for the support or p lac ing of

the cross a rms .

Gal van ic B attery.
-(See B a ttery , Ga l

v a n i c .)

Gal van ic Cel l .—(See Cel l , Vol ta i c .)

Gal van i c Ci rcl e.
—(See Ci r ele, Ga lv a n i c .)

Gal van ic Ci rcui t—(See Ci r cui t , Ga l

v an i c.)
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Gal van ic
wanz

’

c .
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Dosage—(See D osag e, Ga l

ficient power to fuse such s trip , p late or bar,

w hen such current would endanger the safety
of other parts of the c ircu it.

Safety fuses are often ca lled safety str ips or

safety plugs .

Safety fuses are made of alloys of lead , and,
are placed in boxes lined w ith non-combus tible
materia l in order to preven t ti res from the molten
meta l.
Fig . 263 shows a fusible stri p F, connected w ith

leads L,
L. Safety fuses are pla ced on al l branch

circu i ts , and are made of si zes proporti ona te to

the number of lamps they guard .

Since incandescen t lamps are genera lly placed
in the c ircui t in multiple arc, or in mul tip leo ser i es,

one or more of the circu its can be opened by the
fu sion of the plug w ithout in terfering w i th the
conti nu i ty Of the res t of the circuits . In series
c ircui ts , however , such as arc-l ight c ircuits , when
a lamp is cut ou t, a shor t circui t or pa th around .

i t mus t be provided in order to avo id the ex tin

gu ishi ng of the res t of the lights .

Fuse Wi re.
—(See Wi r e, Fuse.)

Fusibl e Plug.
—Aterm common ly app l ied

to a sa fety plug . (See Fuse, Saf ety

Gal van i c El ectr i ci ty. - (See El ectr i c i ty ,

Ga lv a n i c .)

Gal van ic Exc i tabi l i ty of Nerve or M us

cul ar Fi bre—(See Ex c i ta bi l i ty , E lectr i c ,

of Nerv e or M uscu la r F z
’

or e.)

Gal van ic Irri tabi l i ty.—(See I r r i taoz
'

l i ty ,
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di rection shown by the stra ight a rrow , Fig . 264,

or from to w i ll deflect a magneti c needle in
the d irection shown by the curved arrows .

T he fol low ing rules show the direction of the

Fig . 2 6 4 . Oers ted
’
s Exper iment .

deflection of a magnetic pole by an electrica l cur
rent

Place the r ight hand on the conductor
through which the curren t is flow ing , w ith the

pa lm fac ing the nor th pole, and w i th the fingers
poin ting in the direction of the curren t . T he

thumb w il l indica te the direction in which the

north pole tends to move.

Suppose an ordinary corkscrew so placed
a long the conductor , through which a curren t o f
electr ici ty i s pa ssing, tha t when tw isted , i t w il l
move in the direction of the curren t. T he h an

d le w il l then turn in the direction in whi ch the
nor th pole of the magnet tends to move.

Imag ine one sw imming a long the con

ductor in the direction of the curren t and fac ing
the magnet. T he nor th pole w ill tend to move
towards the left hand of the sw immer.
Prof. Forbes has shown that the direction of

the deflec tion of a magnet by a current i s such

Fig . 265 . Amper e”: Appa r a tu s .

t hat i f the magnet were flexible, i t w ou ld wrap
i tself round the curren t.
If the w ire be ben t in the form Of a hollow rec

t angle F,
D

,
E
, G ,

Fig. 265 , and the needle, M ,

[Ga].

be placed inside the circuit, the upper and lower

branches of the curren t w i ll deflect the needle in
the same direction

,
and the effect of the curren t

w il l thus be mu ltipl ied . M ercur y cups are pro

v ided atA, B and C , for a ready change in the

direction of the curren t. (SeeNeedl e
,
As ta ti c. )

This pr inc iple Of the mu ltipl ica tion of the de

flecting power of a curren t was first appl ied to gal
v anometers by SchvVe igger , who u sed a number of
turns of insula ted w ire for the pu rpose Of Obta in
ing a greater deflection Of the needle. He called
such a device a mu l tiplier . In extremely sensi
tive ga lvanometers , very many tu rns Of w ire are

employed, in some cases amoun ting to many
thousands . Such ga lvanometers are of high re

s istance . O thers, of low resistan ce, often con

s ist of a s ingle turn Of w ire and a re used in the

direc t measuremen t of l arge curren ts .

A Schweigger
’
s mul tiplier or coi l C , C , of

many turn s of insula ted w ire, i s shown in Fig. 266.

T he action of such a co il on the needle M , i s com

para ti vely great, even when the curren t i s smal l .

In the case of any ga lvanometer , when nocur

ren t i s pa ssing , the needle, when at rest, shoul d in
genera l occupy a posi tion para l lel to the plane Of
the co il. O n the passage of the curren t , the
needle tends to place i tsel f in a position a t r ight
angles to the direc tion of the cur ren t, or to the
length of the conducting w ire i n the coil . The

strength Of the curren t pa ss ing i s determined by
observing the amoun t of this deflection a s meas

ured in degrees on a graduated c ircle over w hich
the needle moves .

T he needle i s deflected by the curren t from a

pos ition of rest, e i ther in the earth’s magnetic
fiel d or in a fi eld obta ined from a perman en t or
an electro magnet. In the fi rst case, when in use

to mea sure a curren t
, the plane of the galvanom

eter coils must coincide w ith the planes of the

magnetic meridian . In the o ther case , the in stru
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men t may be used in any posi tion in which the
n eedle i s free to move.

Galvanometers a ssume a variety Of forms ac

cording either to the purposes for w hich they are

employed , or to the ma nner in which their deflec
tions are valued.

Gal vanometer , Absol ute Agalva
nometer w hose cons tan t can be ca lcula ted
wi th an absolute cal ibra tion . (See Ca l ibr a

t i on , Aosolute.)
Such a ga lvanometer is ca l led absolute because

if the dimens ions of i ts co il and needle a re known ,

the curren t can be determined directly from the

Observed deflection of the needle.

-Gal vanometer , Aper iodic —A gal

v anometer the needle of w h ich comes to its

pos ition wi thou t any osc illa tion .

A dea d-bea t galvanometer. (See Ga lv a
nometer , D ead-B ea t.)
Gal vanometer , Astat ic A galva

nometer , the needle of w h ich is as ta tic . (See

Needle, Asta t i c.)
Nobil i’s asta ti c galvanometer is shown in Fig.

267. T he asta tic needle, suspended by a fibre b ,
has i ts lower needle placed inside a coil , a , con

sisting of many turns of in sul a ted w ire, i ts upper
n eedle moving over the graduated dial . T he cur

ren t to be measured i s led into and from the

c oi l at the binding posts , x and y .

Fig . 26 7 . As i a tic Ga lv a nometer .

In this instrument, i f smal l deflections on ly a re
employed, the deflec tions are sen sibly propor
tional to the s trength of the deflec ting curren ts .

Gal vanometer , B al l i stic —Agalva
nometer des igned to measure the s trength of

curren ts tha t las t but for a momen t, such , for
example , a s the curren t caused by the d is

charge of a condenser.

[Ga].

T he quan tity of electrici ty passing in any cir

Cu it i s equa l to the curren t mul tip lied by the time.

Sin ce the curren t caused by the d ischarge of a

condenser las ts but for a sma ll time, dur ing whi ch
i t pas ses from zero to a maximum and bac k aga in
to zero, the magnetic needle in a ba llistic galva
nometer takes the form Of a ba lli stic pendulum ,

i . e . , i t i s g iven such a mass , and acquires such a
s low motion , tha t its change of position does not

Fig . 268. Ba l l i sti c Ga lva nometer .

practica lly begin until the impulses have ceased
to act.

In the ba ll istic ga lvanometer of Siemens and

Hal ske
, the coi ls R, R, Fig. 268, have a bell

shaped magnet, M , suspended in side them by
means of an a lumin ium w ire . T he magne t i s p ro
v ided w ith a mirror S, for measur ing the deflec
t ion s . T he bel l-shaped magnet i s shown in ele

vation at M
,
and in plane at n , s .

In using the ba llistic galvanometer , i t i s neces
sary to see tha t the needle is absolu tel y a t rest be
fore the charge i s sen t through the co ils .

Aform of ballistic ga lvanometer by Nalder is
shown in Fig. 269.

T he ordinary form of compensating magnet
is , in this galvanome ter

,
replaced by the smal lmag

netA, capable of rota tion in a horizon tal plane , but
incapable of be ing ra ised or lowered , as is usual
in such magnets . This form of compensa ting mag

net possesses th e advan tage O f be ing able to alter
the direc tion of the field on the needle system,
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w i thout considerably altering its intensity . When
the galvanometer i s for ready use the magnetA, i s

turned un ti l the needle is brought to zero. T he

Fig . 269. Na lder ’
s Ga lva nomet e /

combined field of ear th and magnet A,
are then

brought to the degree of sensi tiveness required

Fig . 2 7 0 . Na lder s Ga lv a nozneter .

by rota ting magnet B , on i ts shaft, or a ltering
i ts distance from the needle . In order to insure
eas e in replacing the fibre, the fron t coi l is hinged
as shown . T he fibre D , is supported on E, one

end of which i t is free to turn , so as to permit of
the removal of torsion ; D , be ing tw isted can be

ra ised or lowered at E. T he needle system w ith
heavy bell-shaped magnet is shown in Fig . 270.

Gal vanometer , Combined Tangent and

Sine Agalvanometer furnished w ith
two magnetic need les of d ifferen t lengths .

T he smal l needle is used for tangen t mea sure

men ts , and the long need le for s ine measure

ments .

Gal vanometer Constant—(See Constan t ,
Ga lv a nolneter .)

Gal vanometer , Dead-B eat —A gal

vanometer, the need le of w hich comes quickly
to res t, instead of swinging repea ted ly to-and
fro. (See Damp i ng .)

Gal vanometer , Deprez-D
’Arsonval

—Aform of dead-bea t galvanometer.

T he movable part of the Deprea D
’Arsonva l

galvanometer consists of a l ight rectangu lar coi l

248 [Gal .

Detector Ga lv a nometer .Fig . 2 7 2 .

Gal vanometer , Di fferent i al —Agal
vanometer con taining two coils so wound as

to tend to deflect the needle in Oppos ite
directions .

T he needle of a d i fferential ga lvanometer show s
no deflection when two equa l curren ts are sen t
through the coils in opposi te directions , s ince ,
under these conditions , each coi l neu tra lizes the
other’s effects . Such in struments may be used
in compar ing res istances . T he Whea tstone
B r idge , however , in most cases , affords a prefer
able method for such purposes . (See B r i dge,

C , Fig. 271 , of many turns of w ire, supported
by tw o s ilver w ires H ]and D E, between the

poles of a strong permanent horseshoe magnet
AA: T he pos ition of

the coi l may be a ltered
as to heigh t by screws

at H and E. T he sup

porting w ires , preven t
by their torsion the

sw inging O f the coi l , as
does a lso the cylinder
o f soft iron B , placed
inside the coil , and sup
por ted independen tly
O f i t. T he movemen ts l

of the coi l are Observed
by mean s of a spot of
l ight reflected from
mirror J , a ttached to n 2 7 1 . Deer eZ-D

’Ar son

the w ire H J .

v a l Ga lv a nometer .

Gal vanometer , Detector Aform of

gal vanometer employed for rough testing
work .

A form of detector galvanometer is shown in
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Gal vanometer , Sensibi l i ty of —T he
readiness and exten t to w hich the need le of a

ga lvanometer responds to the passage of an

elec tric curren t through its coils . (See Ga l

vanometer .)

Gal vanometer-Shunt .—(See S/zzmt , Ga l

v a nometer .)

Gal vanometer , Sine -A gal va

nometer in w hich a vertica l coil is movab le
around a vertical axis , so tha t it can bemade to
fol low the magnetic need le in its deflec tions .

In the s ine ga lvanometer , the coi l is moved so

as to fol low the needle un til i t i s para l le l w ith the
coil . Under these c ircumstances , the strength
of the deflecti ng curren ts in any two differen t
cases i s proportiona l to the sines of the angles of

deflection .

A form of s ine galvanometer i s shown in Fig .

276 . T he vertica l w ire coil i s seen a t M . A
needle of any length less than the diameter of the

coil M , moves over the gradua ted circle N . T he

coi l M , i s movable over the graduated hor izonta l
which the amoun t of the movemen t

Fig . 2 7 6 . Si ne Ga lva nometer .

necessary to bring the needle to zero is measured .

T he curren t strength i s proportiona l to the s ine
of the angle measured on this c ircle , through
which it i s necessary to move the co il M , £rom i ts

position when the needle i s a t rest in the plane of
the earth’s magnetic mer idian

,
un ti l the needl e

is not fur ther deflected by the curren t, a lthough
para llel to the coi l M .

Gal vanometer , Tangent —An instru
men t in wh ich the deflec ting coil cons is ts of

a coil of wire w i th in w h ich is placed a need le
very short in proportion to the d iameter of

the coil , and supported at the centre of the

coil .

Aga lvanometer acts a s a tangen t galvanometer
on ly when the n eedle i s very sma ll as compared
w ith the diameter of the coil . T he length of the

needle should be less than one-twelfth the diameter
of the coi l .
Aform of tangen t ga lvanometer i s shown in

Fig . 277 . T he n eedle is suppor ted at the exact
cen tre of the coi l C .

Under these c ircumstances , the s trengths of

two d iflerent deflecting curren ts are p ropor tiona l
to the tangents of the ang les of deflection . T an

gen t ga lvanometers are sometimes made w i th
coils of w ire con ta in ing many separate turns .

Gal vanometer , Tangent , Obach
’

s

Aform of ga lvanometer in w h ich the deflect
ing coil , ins tead of being in a fixed vertica l
pos ition , is movab le about a hori zon ta l axis ,
so as to decrease the del icacy of the instru

ment , and thus increase its range of work.

Gal vanometer , Tors ion —A gal va
nometer in w hich the s trengt h of the deflec ting
curren t is measured by the tors ion exerted on

the suspens ion sys tem.

Aba ll-shaped magnet, show n a t the right of

Fig. 278, i s suspended by a thread and Spira l
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spring be tween two coils of high resis tance,
placed para l lel to each other in the positions
shown . O n the deflec tion of the magnet, by the
curren t to be measured , the strength of the curren t
i s determined by the amoun t of the tors ion re

qu ired to br ing the magnet back to i ts zero po in t.

Fig . 2 78. Tor s zon G i lv a nomete .

T he angle of torsion is measured on the hor izon ta l
sca le at the top of the ins trumen t.
In the torsion ga lvanometer , un l ike the electro

dynamometer , the action between the coils and the
'

movablemagnet i s as the curren t strength causing
the

.

deflection . In the elec tro-dynamometer ,
s ince an increase of curren t in the deflecting coi ls
a lso takes place in the deflected coil , the mu tua l
action of the two i s as the square of the curren t
s trength caus ing the deflection .

Gal vanometer , Upr ight —A ga l

vanometer, the need le of which moves in a

vertical p lane. (See Ga lv a nometer , Ver
t i ca l.

Gal vanomet er , Ver tical -A ga l

vanometer the needle of which is capable of

motion in a vertica l plane on ly.

In the ver tica l ga lvanometer , the north pole of

the needle i s weighted so tha t the needle as

sumes a vertica l posi tion when no curren t i s pass
ing. In the form shown in. Fig . 279, two needles

25 1 [GaL

Fig . 280. Ca lu znomzter Voltmeter .

tween any two po in ts in a c ircui t, the curren t tha t
passes through it, and hence the deflec tion of i ts

needle , i s directly proportional to the d ifl
'

erence

of po tentia l betw een such two poin ts .

are sometimes employed , one of which is placed,

ins ide the coi ls C ,
C .

T he vertica l ga lvanometer i s not as sensi tive as

the ordinary forms . It is employed , howeve
in various forms for an

electr ic current indica
tor , or even for a

rough curren t meas
ur er .

Gal vanometer
Vol tmeter .

—An in
s trumen t devised by
Sir W il l iam T hom
son , for the meas

urement of d iffer
ences Of electri c

Fig . 2 79. Ver t i ca l Ga lva

poten tial . nametar .

This ins trumen t i s so a rranged tha t by a s ingle
correction for th e varying s trength of the earth’s
field in any place, the results are read at once in

volts .

A coil of insulated w ire shown at A
,
Fig . 280,

has a resistance of over ohms . Amagnetic
needle , formed of shor t para llel needles placed
above one

'

another
,
and ca lled a magnetometer

needle , i s a ttached to a long but l ight a lumin ium
index , moving over a graduated sca le . Amova
ble, semi-circular magnet B , ca lled the restoring
magnet, is placed over the needle

,
and is used

for varying the effect of the earth’s field at any

poin t . T he sensitiveness of the instrument may

be varied e i ther by the restor ing magnet or by
s liding the magnetometer box n earer to or fur ther
away from the coi l .
T he voltmeter ga lvanometer depends for its

Opera tion on the fact that when a gal vanometer
of suffi cien tly high res istance i s in troduced be
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Gal vanometers for the commercia l measure
men ts of curren ts assume a variety of forms .

They are generally so con s tructed as to read off

the amperes, vol ts , ohms , watts , etc. ,
directly .

They are cal led amperemeters or ammeters , volt
meters , ohmmeters , w attmeters , etc . For their
ful ler descr iption reference should be had to

s tandard works on e lectr ica l mea suremen t .

Gal vanometr i c. O f or pertaining to the

galvanometer. (See Ga lv a nometer .)

Gal vanometr i cal .—O i or perta ini ng to the
ga lvanometer. (See Ga lv a nomctcr .)

Gal vanometr i cal l y . In a galvanometric
manner.

Gal vano-Pl ast i cs. —(See Plast i cs , Ga l

v ano.)

Gal vanopl asty.
—T he art of galvano

plas tics . (See Pla st i cs , Ga lv a no.)

Gal vano-Puncture.
—(See Punctur e, Ga l

v ano.)

Gal vanos wpe—A term sometimes im

p roperly employed in p lace of galvanometer.

Aga lvanoscop e, s tr ic tly speaking , i s an instru

men t in tended ra ther to show the ex is ence of an

e lec tric curren t than to measure i t in degrees .

It may , however , be roughly ca l ibra ted , and then
i t d iffers from a ga lvanometer on ly in delicacy
and accuracy .

Gal vano-Therapeuti cs.
—A term some

times used for electro-therapeutics .

Electro-therapeu tics i s by fa r the preferable
term and i s almost un iversa lly employed in the

Uni ted States .

Gap , Ai r —A gap , or open ing in

a magnetic c ircui t con ta in ing a ir on ly . (See

Gap , Az
'

r , M ag netz
’

c.)
T he a ir gap betw een two magnetic poles may

be regarded as the space in which an arma tu re
acting as a magneto receptive device i s placed ,

which by the action upon i t of the l ines of mag

netic force pass ing through the gap ha s differ
ences of poten tia l generated in its coils of in su lated
w ire .

Gap, Ai r, M agnet ic —A gap fi lled
wi th air w h ich exis ts in the open ing a t any

part of a core of iron or othermedium of high
permeabil ity.

T he space between the pole pieces and arma

[Gas

(See Ga ug e,

ture core i s ca lled the air gap in dynamos or

motors even though partly fi lled w ith copper con
ductors . It is a lso ca lled the in terference space.

The gap or air space of an electro-magnet de
crea ses the s trength of i ts magnetiza tion be

cause

T he increased reluctance of the air gap causes

a decrease in the number of lines of magnetic
force which pass through the magneti c circui t.

Gap, Spark —Agap forming part of
a c ircui t between two oppos ing conduc tors ,
separa ted by air, or other similar dielectric

w hich is close d by the forma tion of a spark
on ly when a certa in d ifference of poten tial
i s a tta ined .

Gap, Wi re-Gauge
Wi r e, Gap .)

Gas-B attery .
—(See B a ttery , Ga s .)

Gas B urner , Argand , Pl ai n-Pendant,

El ectr i c —(See B urner , Arg a nd
E lectr i c, Pla i n-Penda nt .)

Gas B urner , Argand , Ratchet-Pendant,
El ectr ic —(See B urner , Arg aua

’
Elec

t r i c, Ra tc/zet

Gas B urner , Automati c El ectr i c

(See ,
B urner , Automa t i c Electr i c.)

Gas B urner , Pl a in-Pendant , El ectr i c
—(See B ur ner , Pla i n—Penda n t El ec

tr i c .)
Gas B urner , Ratchet-Pendant, El ectri c

—(See B ur ner , Ra tcfi et-Pena
’
a ut Elec

tr i c.)

Gas, Carbon i cAcid Agaseous sub
s tance formed by the union of one a tom of

carbon w i th two a toms of oxygen .

Carbon ic acid gas i s formed during the com

bustion of carbon by a sufli cient supply of ai r.

Gas , Diel ectr i c Densi ty of -Aterm
sometimes emploved ins tead of d ielectric
s trength of gas . (See Ga s , D i electr i c

Str eng t/z of .)

Gas, Diel ectr i c Strength of —T he
s tra in a gas is capable of bearing w ithout
suffering d isruption , or wi thout permi tting a

d isrupti ve discharge to p ass through it .

T he die lec tri c strength of a gas depends
O n the na ture of the gas .

O n i ts pressure .
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Gauge, Wi re, M icrometer —Agauge
employed for accura tely measuring the d i

ameter of a wire in thousandths of an inch ,
based on the principle of the vernier or mi

crometer. (See Fig .

The w ire to be measured i s placed between a

fixed support B ,
and the end C , of a long mova

ble screw ,
whi ch accura tely fi ts a threaded tube a .

A thimble D ,
provided w ith a milled head , fits

over the screw C , and i s a ttached to the upper
part. The lower c ircumference of D,

i s divided
into a sca le of tw en ty equa l parts . T he tubeA,

is

gra
duated in to divisions equa l to the pitch of the

screw . Every fi fth of these divis ions is marked
as a larger division.

T he princ iple of the opera tion of the gauge i s

as follow s : Suppose the screw has fi fty threads to
the inch , th e pitch of the screw ,

or the distance
betw een two con tiguous threads, i s therefore
or .02 of an inch .

O ne complete turn of the screw w i l l , t herefore,
advance the sleeve D ,

over the sca le a , the .02 of

an inch . If the screw is on ly moved through
one of the twen ty parts marked on the end of D iameter Of w ire o o o o o o
the thimble or s leeve parts , or the 2

1
0 of a corn

[Gau.

plete turn, the end C , advances towards B , the

5
1
0 of 3

1
6 ,
i . e. , T O

1
01 or .001 inch.

Suppose now a w ire is placed between B and
‘

C , and the screw advanced until i t fairly fi lls the :

space be tween them, and the reading shows two
of the larger division s on the sca le a , three of the

sma ller ones and three on the end of the s leeve
D , then

Two large divisions of scale a
Three sma ller division s of sca le a . .

Three divis ion s on c ircular sca le

.263

Ser ious inconven ience has ar isen in practi ce

NEW LEGAL STANDARD WIRE GAUGE (ENGLISH) .
Ta bles of S i zes , Weig/i ts , Lengt lt s a nd B r ea king Str a ins of Ir on Wi r e .

D iameter. Weight of
Sectiona l
area in

M illime tre s .

sq . i nches .

roo y a rds . M ile . Ann ea led .

(Issued by the Iron and Stee l \Vir e M anufac tur ers
’Assoc ia t ion .)
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from the numerous arbitrary numbers of sizes of

w ires employed by differen t manu facturers .

These di fferences are gradua lly leading to the

abandonmen t of arbitr ary s izes for w ires and em

ploying in place thereof the diameters d irec tly in
inches or thousandths of an inch .

Gauge, Wi re, Round —Adev ice for
accurately measuring the diameter of a w ire.

T he round w ire gauge shown in Fig. 284 is

very general lv used for telegraph l ines . Notches

for varying w idths, cut in the edges of a c ircular
plate of tempered steel , serve to approxima tely
measure the diameter of a w ire, the sides of the
w ire being passed through the slots . Numbers ,
indicating the differen t s izes of the w ire , are

affi xed to each of the

openings .

Gauge, Wi re, Sel f
Regi ster ing

—A
w ire gauge arranged
to g ive the exact di
ameter of the wi re to

be measured d irec tly
without calcula tion .

Aform of sel f-register
ing w ire gauge i s shown
in Fig. 285 . T he w ire
or pla te is inserted in the
gap betw een a fixed and Fig 285 . Wi r e a nd

a movable pla te . T he Pla te Ga ug e

numbers corresponding to the diameter of the

w ire or pla te are shown on one s ide of the gauge

and the gauge numbers on the other side .

[Gau.
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Gauge, Wi re, Standard —Aw ire

gauge a dopted by the Na tional T e lephone
Exchange Assoc ia tion a t Providence, R. I

and by the National Elec tric Light As
soc iation , a t Baltimore, M d., in February,
1886.

T he va lue o f the s tandard as compa red w ith
the other gau

’

ges w i ll be seen from an inspection
of the table in thi s column

Gauges, Wi re, Var i et ies of —T he
fol lowing table gi ves a compar ison of the

principal wi re gauges in use.

CO M PARISO N O F THE DIFFEREN T W IRE

GAUGES.
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NUM BER, DIAM ETER, WEIGHT,
LENGTH AND RESISTANCE or PURE COPPER

WIRE.

Amer i can Gauge.

Leng th . Res is tance o f Pure Copper a t 70
° Fahrenhe i t .

Lbs . per

feet
Ft . p er lb . O hms per ft . Fee t pe r ohm. O hms per l b.Gr s . per ft .

Gauss—T he un it of intens ity of magnetic
field .

T he term gauss for un it of intensity of mag

netic field w as proposed by S. P. Thompson a s

being tha t of a fi eld w hose in tensity i s equa l to
108C . G. S. un its , tha t i s, 108 l ines of force per
square cen timetre.

J . A. Fleming proposes, for the va lue of the

gauss , such s trength of field as would develop an

electromotive force of one vol t in a w ire one

m illion centimetres in length , moving through
such a field w ith un it veloc ity .

Fleming
’

s va lue for the gauss was assumed on

a ccoun t of the sma ll value ‘

of the gauss proposed

by S. P. Thompson . I t i s one hundred times
grea ter in va lue than Thompson

’
s gauss .

SirWi ll iam Thomson proposes, for the value of

the gauss, such an in ten sity of magnetic field as i s

produced by a current of one w eber (ampere) a t
the dis tance of one cen timetre .

Gauss, Fl emi ng
’

s —Such a s trengt h
of magnet ic field a s is ab le to develop an

elec tromot ive force of one vol t in a w ire one

mil lion cen t imetres in lengt h moved through
the field w ith un it veloc ity. (See Gauss .)
Gauss, S. P. Thompson’

s —Such a

s treng th of magnet ic field tha t i ts intens ity
is equa l to Io

R
C . G . S. un its . (See Ga uss .)
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The operation of the pyroanagnetic generator

is dependen t upon the fact that any var ia tion in

the number of l ines of magneti c
'

force tha t pass
through a conductor w i ll develop differences o f

e lec tr ic potentia l therein . Such variations may

be eff ected e i ther by varying the position of the

conductor a s regards the magnetic field , or by
varying the magnetic field i tself. T he la tter
method of genera ting d ifl

'

erences of poten tia l i s
utilized in the pyro-magnetic genera tor , and is

effected in i t by varying themagnetiza tion of rolls
of thin iron or n ickel by the acti on of heat.
Aform of pyro-magnetic generator devised by

Edison i s shown in Figs. 286 and 287.

Fig 287 . Ed i son
’

s Py r o-M ag net ic Gener a tor .

This appara tus i s sometimes ca lled a pyro
magnetic dynamo .

Eight electro-magnets a re provided , each w i th
an arma tu re cons isting of a roll of corruga ted
iron . Each of these arma tures i s provided w i th
a coil

,
of insulated w ire wound on it and p ro

tected by asbes tos paper . T he arma tures pass
through two iron discs a s shown . T he arma ture
coils are connected in ser ies i n a c losed-c ircu i t ,
the w ires from the coils being connec ted W i th
meta ll ic brushes that res t on a commutator

’

sup

ported on a vertica l a x is . A pa ir of meta llic
r ings i s provided above the commu tator -to carry
off the curren t genera ted .

T he ver tica l axis i s provided be low w ith a semi
c ircu lar screen ca l led a guard plate w hich rota tes
w ith the ax is and cuts off or screens one-ha l f the
iron arma tures £rom the hea ted a ir .

When the axis i s ro ta ted, the difference in the

magnetization of the armatures , when hot and

cold , develops e lectromotive forces which resul t
in the production of a n electr ic curren t .

Generator , Secondar y —Aterm fre

quen tly emp loyed for a converter or trans
former.
T he word transformer i s now a lmost un iver

sa l ly employed . (See Tr ansf ormer . )

Generator ,Watt —Aterm somet imes
employed for s ta t ing the pow er in wa t ts that
any elec tric source is capable of produc ing .

Estima ting the power of a dynamo-electr ic
machine by the number of w atts i t i s capable of

producing i s very conven ien t in practice, and i s
now very genera lly adopted . Adynamo capable
of furn ishing a diffe rence of poten tia l of
volts , and a curren t of 10 amperes, would be sa id
to be a w a tt-genera tor .

T he term wa tt-genera tor , though appl icable to
the case of any electric source, i s in practice

genera lly limited to the case of dynamo-electric
machines or secondary ba tter ies .

Generators , M otor , Di str i but ion of El ec

tr i ci ty by
—(See El ectr i ci ty , D i str ibu

t i on of , by M otor Genera tor s .)
Geograph ical Di str i buti on of

’

Thunder

Storms—(See Storms , Tbuna
’
er , Geog r ap/z

i ca l D i str ibut i on of .)

Geograph ical Equator .
—(See Equa tor ,

Geog r apb i ca l .)

Geograph ical M er id ian .
—(See M er i di a n ,

Geog r apb i ca l .)

German Si l ver Al l oy .
—(See Al loy , Ger

man S i lv er .)

Gi l d ing , El ectr i c -T he e lec trolyt ic
depos it ion of gold on any objec t .
Elec tro-pla ting w it h gold . (See Pla t i ng ,

E lectr o.)
T he surfaces of the object to be g ilded are

made electr ica lly conduc ting, i f not a lready so
,

and a re then connected to the nega tive terminal
o f a volta i c cel l or other source, and immersed i n
a pla ting ba th con ta in ing a solution of a sal t of
gold ,

d irectly oppos i te a pla te of gold , connected
w ith the pos itive termina l of the source. T he

objec ts to be pla ted thus become the ka thode, and
the pla te of gold the anode of the pla ting bath l
O n the passage of a suitable curren t, the gold i s
dissolved fromthe pla te a t the anode and depos ited



o n the obj ec t at the kathode . (See B a tb
, Gold .

X a t/zode . Anode . )

Gi l t Pl umbago.
—(See Plumbag o, Gi l t .)

Gimbal s—Concentric rings of bras s , sus

p ended ou p ivots in a compass box , and on

w hich the compas s card i s supported so as to

enable it to rema in horizontal notw ithstand
i ng the movements of the ship . (See Com

J
ba ss , Aa imut/z.)
Each r ing is suspended on two pivots placed

d irectly oppos ite each other , tha t is , a t the ends
.o f a diameter, w hich in one ring is at r ight angles
to that in the other.

Gi rder Armature—(SeeArma tur e, Gi r

der .)

Gl obe, Vapor , of Incandescent Lamp
—Ag lass g lobe surround ing the cham

'

ber of an incandescent electric lamp , for the

p urpose of enabl ing the lamp to be safely
u sed in an explos ive a tmosphere, or to permit
t he lamp to be exposed in places w here water
"i s l iab le to fa ll on it .
Such a vapor globe i s shown in Fig . 288. In

'

t he even t of acc identa l breakage of the outside

g lobe, the lamp chamber
proper preven ts the igni

' tion o f the explos ive

g ases . In such cases,

however, the outer pro
t ecting chamber shou ld
be promptly replaced .

In some forms of vapor
g lobes , a va lve i s pro

v ided , open ing outwards ,
.in order to permi t the ex .

p anded a ir to escape
when a given pressure is

.reached, and yet, a t the
s ame time, to preven t the
e n trance of gas or vapor
f romw i thout.
Gl ow Di scharge.

(SeeD i sc/l a rg e , Glow .)

Glow Lamp .
—(See Lamp ,

E lectr i c Glow .)

Gol d B ath .
—(See B a tb , Gold .)

Gold-Leaf El ectroscope.
—(See Electro

s cope, Gold-L eaf .)

Gol d-Pl at i ng .
—(See Pla t i ng , Gold .)

Gong , El ectro-M ech an ica l —Agong

Fig .
l apar

s truck or operated by mec han ical force at

times w h ich are dependen t on the pas sage of

an elec tric curren t .
T he motive power i s the mechan ica l force de

v eloped by a ben t spring , the fa ll of a weight,
etc .

,
and , by su itable mechan ism, i s perm i tted to

act on ly on the passage of an elec tric curren t .

Governor , Centr i fugal Adev ice for
ma in tain ing cons tan t the speed of a s team
engi ne or o ther prime mover, desp i te sudden
changes in the load or work.

In a bal l governor , any increa se in speed
causes the ba lls to fly out from the cen tre of rota
tion by centr ifuga l force . Thismotion i s u ti lized
to con trol a valve or other regula ting device . If

the speed o f the engine fa l ls , the balls move
tow ards the cen tre , shifting th e va lve or regula t

ing device in the opposi te direc tion .

Governor , Current
la tor.

A dev ice for main taining cons tan t the cur

ren t s trength ih any c ircu it.
C urren t governors are e ither automa t ic or non

automatic . (See Regu la tion , Automa t i c. )

Governor , El ectr i c A dev ice for

electrically control l ing the speed of a s team
eng ine , the d irec tion of curren t i n a p la ting
bath , the s peed of an elec tric motor, the re

s istance of an elec tric c ircuit , the flow of

wa ter or gas in to or from a containing vessel ,
or for other s imi lar purposes .

T he particular form assumed by the apparatus
var ies w ith the character of the w ork i t i s in tended
to accomplish . In some cases an ordin ary ba l l
or centri fuga l governor is employed to open or

c lose a c ircuit ; or, a mass of mercury in a rota t
i ng vesse l i s caused , a t a certa in speed , to Open or
c lose a circu it ; or , the res istance of a bundle of

carbon discs is caused l o vary, e i ther by pressure
produced by centr ifuga l force, or by the move
men t of an arma ture.

Governor , Per i odic —A name ap

p l ied by Ayrton Perry to a form of gover
nor for an elec tric motor, in w h ich the cur

ren t is automa tica l ly cut out for a certa in

portion of each revolut ion .

Governor , Spasmodic A name

gi ven by Ayrton Perry to a form of gover
nor for an electric motor, i n w hich the cur

—Acurren t regu
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rent is automatically cut off in proport ion as

the work is cut off.

T he Spasmodic governor con sists essentia lly of a
cone dipping in to the surface ofmercury in a rota t
ing vessel . As the speed of the governor increases
on a l ighten ing of the load , the surface of themer
cury i s curved by the increased cen tr ifuga l force,
un t i l final ly the mercury leaves the con tact po in t
and thus cuts of? the curren t .

Governor , Steam, El ectr ic -A de

vice used in connec t ion w ith a valve to so

elec trica l ly regulate the supply of s team to an

engine , tha t the engine shal l be driven at

such a speed as w il l ma in ta in either a con

stant curren t or a cons tant poten tial .
In the electric governor , the steam valve i s

opera ted by an electro-magnet, whose coils, in
the case of a cons tant curren t machine, are o f

thick w ire placed in the ma in c ircui t, and , in

tha t of a con stan t poten tia l machine , are of thin
wire placed in a shun t around the ma ins .

Graduators.—Dev ices , general ly elec tro
magnet ic, emp loyed in sys tems of s imu ltane
ous telegraphic and telephon ic transmis s ion
over the same w ire , so in serted in the une c ir
cuit as to obtain the makes and breaks re

quired in a sys tem of telegraph ic commun i

ca tion so gradua l ly tha t they fa il to sens ib ly
influence the d iaphragm of a telephone p laced
in the same c ircu it .

Gramme.
-A un i t of w eight equa l to

gra ins .

T he gramme is equa l to the weigh t of one cubic
centimetre of pure w a ter at the tempera ture of its

maximum densi ty . It has var ious mu ltiples and
decima l divisions—of the former , the kilogramme

or one thousand grammes i s the most frequen tly
used ; of the lattt r , the cen tigramme or the one

hundredth of a gramme , and the m il lig ramme or

the one-thousandth of a g ramme . (See Weig/zts
a nd M ea sur es

,
M etr i c Sy stem of . )

GrammeAtom. (SeeAtom, Gr amme.)

Gramme M ol ecul e.
—(See M olecule,

Gr amme.)

Gr amophone—An appa ra tus for record
ing and reproduc ing art icula te speech . (See
P/zonog r apfi .)

Gramophone Record—(See Record ,

Gr amopizone.)

[Grav

Graphi te—Asoft variety of carbon sui t
able for writing on paper or s imilar surfaces ,

Graphite is the material tha t i s employed for
the so—ca l led black lead of lead pencils . It is

sometimes ca lled plumbago. Strictly speaking,
the term graphite is only applicable to the var iety
of plumbago su itable for use in lead penc ils .

Graphite i s used for render ing surfaces to be
e lectro-pla ted , e lec trica lly conduc ting, and a lso for

'

the brushes of dynamos and motors . For the

l a tter purpose i t poss es ses the additiona l advan tage
of decreasing the fr iction by means of i ts marked .

lubr ica ting properties .

Graphophone, M icro Amodifica
t ion of the phonograph in which , ins tead of a

s ingle diaphragm, a number of separa te non
meta l l ic d iaphragms are caused to act on a .

s ingle d iaphragm to record the speech . so that
the separa te d iaphragms can be thrown into '

s trong vibra t ion when reproduc ing the Speech .

Graphophone, Phonograph Aterm
sometimes appl ied to the g raphophone. (See
Gr ap/zopfione , M i cr o.

Graphophone Record—(See Record ,

Gr apfiop lzone .)

Gray’s Harmon ic Tel egraphi c Anal yzer .

—(See Ana ly z er , Gr ay
’

s Ha rmon i c Tele

g r ap/zi c .)

Gray’s Harmon ic Tel egraphy.
—(See Te

l eg r ap lzy , Gr ay
’

s Ha rmon i c M ic/t i t le .)

Gravi tation .
—Aname app l ied to the force

which causes masses of matter to tend to

move towards one another.

This motion i s assumed to be tha t of attraction ,

tha t is
, the bod ies are assumed to be drawn to .

gether. I t i s no t imposs ible , however , tha t they
may be pushed together .

Gravita t ion ,
l ike electric i ty , i s w el l known, so

far a s i ts effects are concerned ; but, as t ) the t rue
cause of e i ther , pa rticu larly the former , w e a re in

compara tive ignorance .

The genera l facts of gravita ti on may be suc

cinctly s ta ted by the follow ing law , general ly
known as New ton ’

s l aw .

Every particle of ma tter in the un iverse i s at

tracted by every o ther par tic le o f ma tter
,
and

i tsel f a ttrac ts every other partic le of ma tter , w ith
a force which i s direc tly propor tiona l to the pro

duct of the masses of the two quan tities of ma tter



https://www.forgottenbooks.com/join


Gum]

Guard, Wi re Shade —A guard of

w ire nett ing provided for the protect ion of a

s hade.

Aform of wire shade i s shown in Fig . 289.

Fig . 289. Wi r e Sha de Gu a rd .

Gutta-Percha.
—Aresinous gum ob tained

f rom a trop ica l tree, and va luab le electrica lly
for its h igh insulat ing powers .

Gutta-percha readi ly softens by hea t, but on

11.—Acontract ion for the horizon tal inten
s ity of the earth ’

s magn etism.

H.
-A con trac tion proposed for one un i t

o f sel f-induc t ion .

H.
—A con trac tion used in mathematical

writings for the magnet iz ing force tha t ex is ts
a t any poin t , or, genera lly , for the in tens ity of
the magnetic force.

T he letter H ,
w hen u sed in ma thema tica l

w r i tings or formu lae for the intens ity of the

m agnetic force, i s a lways represented in bold or

hea vy faced type, thus H

H-Armature Core.
—(See Core, Arma

t ur e, H .)

Hai l ,Assumed El ectr i c
'

O rig i n of

Ahypothes is , now genera l ly rejec ted, framed
t o expla in the orig in of the a l terna te coa t ings
of ice and snow in a ha il s tone, by the a l ter
n a te elec tric a ttractions and repuls ions of

the s tones between neighboring , oppos itely
charged, snow and ra in c louds .

It i s now genera l ly recogn ized tha t the electr ic
m m ifesta tions a ttending ha il storms are the

ej ect: and not the ca uses of the ha i l . (SeePa ra

gr el es . )

Hai r, El ectrol yt ic Removal of

T he permanen t removal of hair from any part

[Il a].

cool ing becomes hard and tough . Unl ike India
rubber , i t possesses but l ittle elasticity. l ts

specific inductive capaci ty is tha t of a ir being
I
, and of vulcan ized rubber, (See Capaci ty ,

Specifi c Induct i ve . )
Gutta ~ percha i s obta ined largely from the East

Indies , from a tree which yields a brown ish gum.

It i s a fibrous and tenac ious substance w ith but
little flexibility , and i s unafl

'

ected by ac ids . O ils
produce less efl'ect upon i t than on India-rubber .

Gutta-percha i s one of the bes t insulating mate
r ia ls known for sub-aqueous cables .

Gymnotus El ectr icus—T he elec t ric eel .

(See Eel , Electr i c .)

Gyrometer .
—Aspeed ind icator.

d i ca tor , Speed .)

(See In

of the body, by the elec trolyt ic destruction of

the hai r foll icles .

Aplati num nega tive electrode is inserted in the
ha ir follic le and the pos i tive elec trode , covered w ith
moist sponge or cotton , i s held in the hand of the

patien t . Acurren t of from two to four mi l l i . am
per es from a battery of from eight to ten Le

c lanché elemen ts is then passed for from ten to

thi r ty seconds. A few bubbles of gas appear ,
and the ha irs are then removed from the fol lic les
by a pa ir of forceps . (See [Wi l l i-Amper e . )
When the work i s properly done there i s no

des truction of the skin and therefore no marks or
scars .

In the remova l of ha ir from the face
,
i t i s pref

crable tha t the curren t should s low ly reach i ts
maximum strength.

Hal f-Shades for Incandescent Lamps .

—Shades for incandescen t elec tric lamps , in
w h ich one-half of the lamp chamber proper
is covered w ith a coa t ing of s ilver, or other
reflec t ing surface for reflect ing the l ight , or i s
ground for the purpose of d iffus ing the l ight .
T he ha lf-shade i s applicable to cases w here i t

i s des ired to thr ow out the li ght , no t in a ll d ir ec

tions , but on one s ide on ly of any plane. Some

times the divid ing plane i s taken parallel to the

length of the incandescing fi lamen t and sometimes
a t right angles to i t . When the lamp is placed



w i th in a surrounding globe the reflecting surface
may be placed on this globe instead o f on the

l amp chamber .

Hal l Elfect . -(See Ej ect , Ha l l .)

Hal l eyan Li nes.—(See L ines , H a l ley an .)

Hal p ine-Savage Torpedo.
—(See Torpedo,

H a lp ine-Sa v ag e.)

Handhol e of Condui t. —Abox or opening
c ommun icat ing w ith an underground cable,

provided for read ily tapp ing the cable , and

o f sufficient s ize to permit of the introduction
o f the hand .

Hand-Light ing Argand El ectr ic B urner .

—(See B ur ner , Arg and Electr i c, Hand

n /zter .)

Hand-Ligh t i ng El ectr i c B urner .
—(See

B ur ner , Ha nd-n nt i ng El ectr i c .)

Ha n (l R egul at ion. S e e Reg ula t i on ,

H a nd .)

Ha n d-Reg u l a t o r .
—(See Reg ula tor ,

H and .)

Hanger-B oard.
—(SeeB oa rd , H ang er .)

Hanger , Cab l e
—A hanger or hook

s uitab ly secured to the cable and des igned to
s us ta in the w eight
of the cab le by

intermed iately sup

port ing it on iron or

“

s teel w ires strung

above the cab le.

A cable hanger or

cable c lip i s shown in
Fig. 290. T he mode

of suppor ting the cable
C , by the hanger hook
II , w ill be readily un
derstood from an in

spection of the figure.

T he weight per foot of an aeria l cable is gener
ally so great tha t the poles or supports would re

qu ire to be very near together, un less the device
of intermedia te supports, by means of cable c lips
or hangers, were adopted .

Hanger. Doubl e-Curve Trol l ey —A
t rol ley hanger genera lly employed a t the ends
of s ingle and double curves , and on inter
mediate points on double track curves , sup
ported by la tera l stra in in oppos ite directions .

Fig . 290 . Ca ble Ha ng er .

Hanger , Singl e-Curve T rol l ey —A
trol ley hanger supported on a s ingle track
curve , except a t the ends and on

“

the ins ide
curve of a doub le track l ine, by la tera l s tra in
in one d irec tion .

Hanger , Stra igh t-Line T rol l ey A
trolley hanger on a s tra ight trolley l ine suit
ably supported by a span w ire so as to have
a vert ica l stra in only.

Hanger , T rol ley —Adevi ce for sup
port ing and properly insulat ing trolley w ires .

Hard-Drawn Copper Wi re—(See Wi re,
Copper , H a r d-D r awn . )
Harmon icRecei ver .

—(SeeReceiv er , Ha r

man i c .)
Harmon ic Tel egraphy. See T eleg r ap/zy ,

Gray
'

s H a rmon i c Mul t ip le.)
Head B ath , Electr i c —(See B a t/z,

Head B reeze.E lectro-Therapeut i c

(See B r eez e, Hea d , Electro Tner apeut i c .)
Head Light , Locomot i ve, El ectr i c
An elec tric l ight p laced in the focus of a par
abol ic reflector in fron t of a locomotive engi ne .

T he lamp i s so placed tha t i ts volta ic arc i s a

l ittle out of the focus of the reflector , so tha t, by
g iving a sl ight d ivergence to the reflected light,
the i l lumination extends a shor t distance on e ither
s ide of the tracks.

Heat.—Aform of energy.

T he phenomena of heat are due to a vibratory
motion impressed on the molecules of ma tter by
the act ion of some form of energy .

Heat in a body i s due to the vibra tions or

oscilla tions of i ts molecules . Hea t is transmitted
through Space by means of a wave motion in the
un iver ~ a l e ther. This w ave motion is the same

a s that caus ing l ight .
Ahot body loses i ts hea t by producing a w ave

motion in the surrounding ether . This process
i s ca lled r a dia t ion . ( See Ra dia t ion . )
T he energy given off by a heated body cooling

i s called radiant energy .

Radiant energy i s transmitted by mean s of

ether waves ; i t i s o f two k .uds , v iz

( I . ) O bscur e Hea t , or hea t which does not

a ffec t the eye , a lthough it can impress a photo

graphic image ou a sufficien tly sensitive photo

graphic plate .



Hea.)

LuminousHea t , or heat which accompan ies
light. (See Energy , Radi ant . )
Heat is conduc ted , or transmi tted through

bodies , w ith differen t degrees of readiness .

Some bodies are good conductors of hea t,
o thers a re poor conductors.

Hea t i s transmi tted through liqu ids by means

of curren ts occas ioned by d ifl
'

erences in density
caused by differences of tempera ture . These
Curren ts a re called convection cur ren ts .

Hea t i s measured as to i ts r ela t iv e degree of in

tens i ty by the thermometer . I t is mea sured as to
i ts amount or quan t i ty by the ca lor imeter . (See

Thermometer , E l ectr i c. Ca lor imeter . )
T he hea t un it most common ly employed is ,

perhaps , the ca lor ie, or the amoun t of hea t re
qu ired to ra ise one gramme of wa ter one degree
centigrade .

Another hea t un i t
,
very general ly employed in

the Un ited Sta tes and England , i s the quan ti ty of
hea t requ ired to ra ise one pound of w a ter one de

gree Fahrenhe it. This i s ca l led the English hea t
un it. (See Ca lor i e . Un i ts , Hea t . 7m le. Vol t

Cou lomb. )

Heat , Absorpt ion and Generat ion of, i n

Vol ta ic Cel l T he hea t effec ts wh ich
a ttend the action of a volta ic cel l .
T he chemica l ac tion of the exciting l iqu id or

electroly te on the positive pla te or elemen t of a

volta ic cell , l ike al l ca ses of chemica l combina tion ,
i s a ttended by a developmen t of hea t .
When , however , the c ircui t of the ce l l is closed ,

the
'

energy l ibera ted dur ing the chemica l combi
nation appears as electric ity , whi ch develops hea t
in a l l pa rts of the c ircu it . (See f l ea t , E l ectr i c.

Heat , Atomic Acons tan t produc t
obta ined by mul tip lying the spec ific hea t of
an elemen tary subs tance by its a tomi cw ezght .

(See Weight , Atomi c .)

Dulong and Petit have discovered the remark
able fac t tha t the produc t of the spec ific hea t of
al l elemen tary substances by their a tomic w e ights
is nea rly the same . T he product i s ca l led the
a tomi c hea t , and is about equa l to
Dulong and Petit’s law may be sta ted as fol

ows , v iz . : Al l elemen ta ry a toms r equi r e the s ame

quant i ty of hea t to hea t them to the same n umber

of degr ees .

T he a tom ic hea t of any body divided by i ts
specific hea t g ives its a tomic weigh t.

[Hea.

T he hea t imparted to any body performs three
kinds of w ork

,
v iz

( I . ) Tha t expended in externa l work, such ,
for example, as in overcoming the a tmospheric
pressure .

Tha t expended in internal work , or in

overcoming the attractions of the a toms and driv
i ng them apart.

Tha t expended in overcoming the temper
a ture, or the true spec ific hea t, or heat expended
in increas ing the molecular v is-viva .

T he expenditure of energy is grea test in the

third head . T he exact va lue of the thr ee factors
i s as y et unknown ,

and in the opin ion of Weber
and others the correctness of Dulong and Petit’s
l aw cannot be regarded as being sa tisfactor ily
es tablished .

Regnau l t has proved tha t Du long and Petit
’
s law

i s true for compound bod ies , i . e .
,
in a l l compounds

of s imilar compos it ion the product of the spec ific
heat by the tota l chemica l equiva len t i s constan t.
T he follow ing table fromAn thony and B racket

i llustra tes the law of Dulong and Pe ti t :

S ec ific Hea t Atomic
We ight .

Iron
C opper

M ercury .

S i lver
Gold
T in

Lea d

ZiDC O O O O O Q O Q O O O

J
) o

This produc t—the a tomic hea t of elemen ts ,
the molecu lar hea t of compounds -has the follow
ing phys ica l meaning : O f any substance whose
a tomic or molecula r w eight w e know , we may

take a number of grammes numer ica lly equa l to
the a tomic or molecu lar w eight ; for example,

grammes of chlor ine, 1 6 grammes of marsh
ga s , we may ca ll such quan tity the gramme a tom
or the gramme molecule of the substa nce. T he

a tomic hea t or the molecular hea t of a substance
i s the number of calor ies of hea t necessary to

ra ise the temperature of a gramme atom or a

gramme molecule of the substance through 1

degree C .

”

Heat , El ectr ic —T he hea t developed
by the passage of an elec tric curren t through
a conduc tor.



https://www.forgottenbooks.com/join


curren t of electricity is sen t through a

metal lic w ire , the midd le of w h ich is ma in

ta ined at a cons tan t tempera ture , and the

ends at the tempera ture of mel ting ice .

T he dis tribution of hea t during the pas
sage of a curren t through an unequa l ly
heated conduc tor.

If the cen tra l portion s of a meta l lic bar are

hea ted the curve of hea t distr ibution i s sym

metr ica l . O n sending an electric curren t through
the w ire i t i s hea ted according to Joule

’
s law ,

and the curve of hea t distr ibu tion i s still sym
metrica l . But the curren t i n pass ing from the

co lder to the hotter parts of the w ire produces
an additiona l hea ting effect a t this point, and in
passing from the warmer to the colder par ts o f
the w ire produces a cool ing effec t. (See Ej ect

,

Pel tier . Ej ect
,
Tlzomson . ) T he curve of hea t

dis tribu tion i s then no longer symmetrica l . T he

term E lectr i ca l Conv ect ion of Hea t
,
has been

g iven to the dissymmetrica l dis tr ibution of hea t
so effected .

Sir W ill iam Thomson , who s tudied these
effects , found tha t the electr ica l convec tion o f

hea t in copper takes place in the opposite
direction to tha t in iron ; that i s to say , the e lec
trica l convection of hea t i s n ega tive in iron , (i . e. ,

the direction is Opposite to tha t of the curren t) ,
and posi tive in copper .

Heat , Irreversibl e -Hea t pro

duced in a homogeneous conductor by the

pas sage of electricity through i t .
This heat, a ccord ing to Joule

’
s law

,
i s propor

t iona l to the square of the curren t, and i s produced
n o ma tter in wha t direc tion the curren t i s pass
ing . In this respec t i t is un l ike the hea t pro
duced by the passage of elec tr icity through a

heterogeneous condi i ctor , in w hich case hea t i s
developed or l ibera ted on ly by the passage of the

curren t in a given direction on the passage of the
curren t in the oppos ite direction ,

hea t being
absorbed and the tempera ture lowered . (See

Hea t
, Rev er s i ble . )

Heat Ligh tn i ng —(Seen fi tn z
'

flg , H ea t .)

Heat , Lumi nous —Avariety of rad i
ant energy w hich a ffec ts the eye, a s l ight .
Radiant hea t and light are , i n '

rea lity
,
differen t

e if ects produced by one and the same cause
,
v iz . ,

by vibra tions or waves in the un iversa l ether .

In genera l the w aves produc ing hea t are of

[Hea.

grea ter length and sma l ler frequency than are

those producing l ight.

Heat , M echan i cal Equi val ent of
T he amoun t of mechan ical energy, converted
into hea t , tha t would be required to ra ise the

tempera ture of I pound of water I degree
Fahr.

T he mechan ical equivalence between the
amoun t of energy expended and the amount

of hea t produced, as measured in hea t uni ts .

Joule’s exper imen ts , the resu lts of which are

genera l ly accepted , gave foot-poun ds a s the
energy equiva len t to tha t expended in ra ising the
tempera tu re of 1 pound of wa ter I degree Fahr.

Heat
,
M ol ecul ar -T he number of

calories of hea t required to ra ise the tempera
ture

'

of one gramme-molecule of any sub

s tance I degree C . (See M olecule, Gr amme.

H ea t , Atomi c .)

Heat , Obscure —Avariety of radiant
energy wh ich does not effec t the eye .

.Radian t hea t is sometimes divided in to lumi
nous hea t and obscure hea t . (See Hea t

,
Lumi

nous . )

Heat ,
'

Red —T he temperature at

wh ich a body , w hose tempera ture is gradual ly
increas ing , beg ins to glow or to emi t red rays
of l ight.
When a re fractory sol id body i s gradua lly

hea ted to incandescence, the red w aves of light
a re first emitted , then the orange , and successively
a fterwards the yellow , g reen , blue, indigo and

violet, when the body emits w hite light or is

w hite hot .

Heat , Reversi bl e —T he hea t pro
duced in a heterogeneous conduc tor by the
passage through it of an e lec tric curren t in a

certa in d irec t ion .

Reversible hea t i s produced a t the j unction of

two meta ls , where a difference o f poten tia l exists
between them,

or w here their heterogenei ty is

grea test . I t i s cal led reversible because. i t de
pends upon the direc tion i n which the zarren t
i s pa ss ing . I f the current be passed in a cer ta in
direction across the junction , hea t is libera ted ;
while , if i t be passed in the oppos ite direction ,
hea t i s absorbed , or cold resu lts .

Revers ible hea t effec ts are seen in the Peltier
e ffect . See Ej ect , Pel t ier . )
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Heat , Specifi c —T he capacity of a

subs tance for hea t as compared w ith the

capacity of an equa l quant ity of some other
subs tance taken as un ity .

Wa ter i s genera l ly taken as the s tandard for
compar ison , because i ts capacity for hea t is grea ter
than tha t of any other common subs tance .

Differen t quantiti es of hea t a re requ ired to

ra ise the temperature of a g iven weight of d i f

ferent substances through I degree. T he spe

cific hea ts of substances a re general ly compared
w i th wa ter or w ith hydrogen , the capacity of

these substances for hea t being very grea t.
According to Dulong and Pettit, the spec ific

hea t of a l l e lemen ta ry a toms i s the same . For

example, the hea t energy of an a tom of hydrogen
i s equal to tha t of an a tom of oxygen ,

bu t s ince
a given mas s of hydrogen ,

under s imilar condi
tion s of temperature and pressure , con ta ins s ixteen
times as many a toms as an equa l mass of oxygen ,

therefore , when compared weight for w eight,
hydrogen has a specific hea t sixteen times grea ter
than tha t of oxygen .

O r , in general , co nparing equa l w eights , the
Specific hea t of an elemen tary substance i s in

versely proportiona l to i ts a tomic w e ight . (See

Hea t
,
Atomi c . )

Heat , Speci fi c , of El ectr i ci ty
Electr i ci ty , Sfi eczfi c H ea t of .)

Heat Un i t—T he quan ti ty of hea t required
to rais e a g iven w eight of wa ter through
a s ingle degree.

There are a number of differen t hea t un its .

T he most impor tan t are :
( I T he B ri tishHea tUn i t, or Thermal Un i t , or

the amount of hea t requ ired to ra ise I pound
of w ater I degree Fahr . This un i t represen ts an
amoun t o f work equa l to 772 foot -pounds .

T he Grea ter Calorie , or the amoun t of hea t
requ ired to ra ise the tempera ture of

grammes of wa ter I degree C . (See Ca lor ie. )
T he Sma ller Ca lor ie , or the amoun t of hea t

required to ra ise the tempera tur e of one gramme

of wa ter I degree C .

T he Joule, or the quan tity of hea t developed
in one second by th e passage o f a curren t o f one
ampere through a resistance of one ohm.

I joule equa ls .0002407 large ca lor ies .

I jou le equa ls .2407 smal l ca lor ies .

I foot-pound equa ls I .356 jou les .

267 el .

—O ne hundred am

I pound-Cen tigrade equa ls joules .

I I389.6 foot pounds .

I Fahrenhei t joules .

Heat Un i t , Eng l i sh —(See Un i ts ,

H ea t .)

Heat Un i t or Calor i e.
—(See Ca lor i e.)

Heat Un i t or Joul e.
—(Seejoule.)

Heat , Wh i te —T he tempera ture at

wh ich l igh t of a l l wave lengths from the red

to the violet is emi tted from a hea ted body ,
and the body, therefore , glow s wi th a white
l ight .
Asol id substance hea ted to white incandescence

emi ts a con tinuous Spectrum , i . e . , a spectrum in

which a ll the wave lengths of l ight from the red

to the violet are presen t .

Heater , El ectr ic —A device for the
convers ion of elec tric i ty into heat for purposes
of art ific ial hea t ing.

Electr ic hea ters cons is t essen ti a lly of co ils or

c ircui ts of some refractory meta l through which
the curren t is passed. These coils or c ircuits are

surrounded by air or finely divided sol ids , and are

placed ins ide meta llic boxes or radia tors , which
throw off or radia te the hea t produced .

When employed for the hea ting of l iqu ids the
Coils are placed d irectly in the l iquid to be

hea ted ,
or are surrounded by radia ting boxes

placed in the l iqu id .

Heat ing Effec ts of Currents—(See Cur
r en ts , H ea t i ng Ej ects of .)

Hedgehog T ransformer . (See T r a n s

f ormer , H edg e/tog .)

Hecto-Ampere

péres .

Hel iograph . An ins trumen t for tele

graph ic commun ica t ion tha t opera tes by em

ploying flashes of l igh t to represen t the dots
and dashes of the M orse a lphabet , or the

movemen ts of the need les of a need le tele

graph to the right or the left . (SeeAl‘ofiaoet ,
T

T he fl ashes o f l ight a re thrown from the sur

face of a plane mirror . M otion s to the r ight or
left may be employed i n order to dis t inguish
between the dots and dashes , or the same may be

e ffec ted by the rela tive dura tion s o f the flashes of
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l ight, or by the in terva ls be tween success ive
flashes .

Telegraphic commun ica tion has been carr ied
on between steamers dur ing foggy w ea ther by
mean s of their fog horns ; or between locomotives
by their steam whistl es .

Hel i x, Dextrorsal —Aname some

t imes app l ied to a dextrorsal solenoid . (See
Solenoi d , D ex tror sa l .)
T he magnetic polar ity of a helix or solenoid

depends not on ly on the direction in which the

curren t i s passed , but a lso on the d irec tion in
w hich the w ire i s coiled or wound . (See M agn et ,

E l ectr o . )

Hel ix, Sin i strorsal Aname some

t imes appl ied to a s in is trorsal soleno id . (See

Solenoi d , Sim
'

str or sa l .)

Hemihedral Cryst
'

al .—(See Cry sta l , Hem

i /zedr a l .)
Henry , A -T he prac tical un i t of sel f

induction .

It has been genera lly agreed in the Un i ted
Sta tes to cal l the practica l un it of self-induc tion
a henry , in place of a secohm or quadran t .
T he name henry s hou ld be adopted , not on ly by
American electric ian s , bu t a lso by those of other
coun tr ies , s ince the terms secohm or quadran t
a re contrary to the genera lly adopted usage of

employing for such the n ames of dis tinguished
e lectr icians, who have passed from the ir labors .

T he fact tha t of al l discoverers in the field of sel f
induction , none possesses so grea t a cla im as that of
Prof. Henry , mus t be genera lly acknow ledged .

As ear ly as 1832 he published in Si l l iman
’
s y our

n a l a paper in which he descr ibed experimen ts ,
show ing c learly tha t the spark obta ined by break
i ng the curren t of a ba ttery , in which a long w ire
was in terposed , w as greater than when a shor t
wi re was employed

,
and tha t this increased length

of spark w as fur ther in creased by coi l ing thew ire,
a nd tha t the phenomena w ere a scr ibed to the ac

t ion of the curren t on i tself.
A committee of the Amer ican In stitute of

Electr ica l Engineers , a fter careful con sidera tion ,

recommended to the Institu te that the value of

the prac tica l un it of induc tance should be equ al to
109 C . G . S. un i ts of inductance, usua lly ex

pressed by a length equa l to one ear th quadran t
or I cen timetres .

T he value of the practica l un i t of inductance ,
o r the hen ry , may in some cases be too high for

c onven ience ; in such cases i t may be expressed
by some fractiona l dimension , such , for example,
as mill i -henry .

Hercul es Stone.
—(See Stone, Her cules .)

Hermet ical Seal .—(See Sea l , Hermet i

ca l .)
Hertz

’
s Theory of El ectr ici ty.

—(See Elec
tr i ci ty , H er tz

'

s Tizeory of .)

Heterostat ic.
—A term appl ied by Sir

W il liam T homson to d is tinguish a form of

elec trometer in w h ich the elec trification is

measured by determin ing the mutual influ
ence of the a ttraction exerted by the charge
to be measured and the a ttract ion of an oppo
s ite charge imparted to the ins trument by a

s ource independent of the charge to be meas

ured.

T he term heterostatic distinguishes this form of

electrometer from an idiosta tic ins trumen t
,
or one

i n which the measuremen t i s effected by deter
m in ing the rep u ls ion between the charge to be
measured and the repuls ion of a charge of the

same name , i . e .

, pos itive or negative, imparted
to the instrumen t from an independen t source .

(See E l ectr ometer

Hi ck
’
s

'

Automat i c B utton Repeater .

(See Repea ter s , Teleg r apni c .)
High-B ars.

—Aterm appl ied to those com
muta tor segmen ts , or parts of commutator
segments . wh ich , through less wear, faul ty
cons truc tion or looseness , are h igher than ad

join ing port ions . (See Commuta tor .)
High-Frequency Currents, El ectr icLight

i ng by —(See L ig/zt i ng , Electr i c , by
H ig li-Fr eon ency Ca r r ents .)
High Res i stance M agnet—(See M ag net ,

H {gr /i Res i sta nce.)
High Speed El ectr i c M otor .

—(See M o

tor , Electr i c , H zg/z Speed .)
High Tension El ectr ic Fuse.

—(See Fuse,
Electr i c 114g}; T ens i on . )
Hi ssi ng of Are—(See Ar c , H i ss i ng of .)

Hol der for Safety Fuse—A box or other
receptacle of refrac tory mater ial for hold ing
a safety fuse, and c atching the mol ten meta l
w hen fused .

T he holder or fusebox is prov ided to prevent the
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Arate of doing work equa l to pounds
ra ised I foot perminute, or 5 50 pounds ra ised
I foot per second .

A ra te of doing w ork equal to
kilogrammes raised I metre per minute .

Acareful distinction must be drawn between
work and power . T he same amoun t of work
i s done in ra is ing I pound through 10 feet
whether i t be done in one minute or in one hour .

T he power expended or the ra te of do ing work
is , however , qui te different, being in the former
case s ixty times grea ter than in the latter .

I horse-power 550 foot-pounds per second.

foo t-pounds per min
u te .

4, kilogramme-metres

per minute .

745 ,94 I wa tts .

I .0I 385 metr ic horse-power .

Horse-Power , El ectr ic —(SeePow er ,

Hor se, Electr i c .)
Horse-Power Houn—(See Hour , Hor se

Horse-Power , M etr i c —A uni t of

power in w h ich ra te of doing work is equa l
to 75 kilogramme

-metres . (See Horse

Power .)
Horseshoe El ectro-M agnet .

—(See M ag

net , Electr a, Hor ses/ we.)

Horseshoe M agnet
—(See M ag net , Hor se

sboe.)
Hot , Rod —Suffi cien tly hea ted to

emi t red l igh t on ly. (See Hea t , Red .)

Hot St. Elmo’s Fi re.
—(See F i r e, Hot , St .

E lmo
’

s .)

Hot , Wh i te —Sufli ciently heated to

emit all the colored l ights of the spec trum .

(See H ea t , l i te. )
Hotel Annunci ator .

—(See Annunci a tor ,

Hotel .)

Hour , Ampere —Aun i t of electrica l
quan t ity equa l to one ampere flow ing for one
hour.

T he ampere-hour i s in rea lity a un i t of quan ti
ty l ike the cou lomb . It i s used in the service o f

electr ic curren ts , and i s equal to the product of
the curren t del ivered by the time in hours . T he

ampere-hour is not a measure of energy , but when

—A un it of electrical

combined w i th the vol t, and expressed in watt
hours , i t i s a measure of energy .

T he capacity of any service for ma in ta in ing a

flow of current i s measured in ampere-hours .

Thus
,
i f any service, such as a primary or sec

ondary ba ttery , has a capac ity of 80 ampere
hours, i t w il l supply 8 amperes for ten hours , or
i t may g ive Io amperes for eight hours .

T he stor ing capaci ty of accumu lators is gener
a l ly given in ampere-hours . T he same is true of

pr imary ba tteries .

O ne coulomb equa ls .0002778ampere-hours .

O ne ampere-hour equa ls coulombs .

Hour , Horse-Power Auni t ofwork.

An amoun t of work equal to one horse

pow er for an hour.

O ne horse power is equal to I ,980,ooo foot
pounds

,
or wa tt hours .

Hour , Ki l o-Watt Aun i t of electri
cal power equal to a kilo-wa t t ma inta ined for “

one hour.

Hour , Lamp —Such a service of elec-r
tric curren t a s w ill ma intai n one elec tric lamp
during one hour.

T he number of lamp-hours i s obtained by mu l

t iply ing the number of lamps by the average
number of hours dur ing which the lamps are;

burn ing .

T he use of lamp-hours i s for the purpose of
“

estima ting the curren t supplied to a consum er by

counti ng the number of hours each lamp is in
service .

T o conver t lamp-hours to wa tt-hours , mu ltiply
the number of lamp-hours by the number of

:

wa tts per lamp . T hewa tt hours , divided by 746,
w i ll then g ive the elec tri ca l horse-power hours .

(See Hour , Wa tt . )

Hour , Watt

work.

An expend iture of an elec trica l w ork of

one wa t t for one hour.

Lamp-hours are conver ted to w a tt-hours by
mu ltiplying the number of lamp-hours by the

number of wa tts per lamp . (SeeHour
, Lamp . )

HouseAnnunci ator .
—(See Annunci a tor ,

House.)

House M a in .
—(See M a in , H ouse.)

Hous e-Servi ce Conductor.
—(See Conduc

tor , House-Serv i ce.)



Hou.]

House-Top Fixtures, Tel egraph ic

(See F i x tures , Tel eg r ap lzi c House Top .)

House Wi re—(See Wi r e, House.)

Hughes
’ El ectro-M agnet—(See M ag net ,

Electr a,

Human B ody , El ectr i cResi stance of
-(See B ody , H uma n , Res i sta nce of .)

Hydro-El ectr i c B ath .
—(See B a tl i , Hy dro

Electr i c .)

Hydro-El ectr ic M ach ine, Armstrong’s
—(See M ac/t i ne, Armstrong

’

s Hy dr o

Hydrogen , El ectrol ytic
—Hydrogen

produced by elec trolytic decompos ition .

It is the electroly tic hydrogen libera ted in a

vol ta ic cell a t the surface of the nega tive pla te,
which causes polar iza tion and consequen t de
crease in the resu lting curren t strength , by rea

son both of the coun ter-electromotive force i t
produces and the increased res istance i t produces
in the cell .
Electroly ti c hydrogen i s atomic hydrogen ; i . e. ,

hydrogen w ith i ts bonds Open or free . It there
fore possesses much stronger chemica l affi n ities
than does molecular hydrogen . Electroly tic
oxygen whi ch is evolved at the same time as the

electrolytic hydrogen has been successfully em

ployed in elec tr ic bleaching. Hydrogen per

oxide i s a lso formed and acts as a bleaching agen t .

Hydrometer or Areometer .
—An appa

ra tus for determin ing the spec i fi c grav i ty of
l iquids . (SeeAr eometer or Hy dr ometer .)

Hydro-Pl astics .
—(See Pla st i cs , Hy dro.)

Hydro-Pl asty .
—T he art of hydro-plas tics .

(See Pla st i cs , Hy dr o.)
Hydrotas imeter , El ectr ic —An elec

trical ly opera ted a ppara tus des igned to show
a t a d is tance the exac t pos ition of any w a ter
level .
In most forms of the e lectr ic hydrotas imeter a

floa t placed in the l iqu id and connected w i th an

electric c ircu it breaks this c ircu it, and , a t in terva ls ,
sends pos i tive impulses in to the l ine when r is ing
and nega tive impulses when fa l ling . These a re

registered bymeans of an index moved by a step
by-step motion , pos itive curren ts moving i t in
one direction and nega ti ve curren ts moving i t in
the opposi te d irection .

[Hyp .

Hygrometen—An appara tus for determin
ing the amount of mois ture in the a ir.

Hygrometrical . -O f or perta in ing to the

hygrometer.

Hygrometri cal l y .
—In the manner of the

hygrometer.

Hypothes i s—Aprov is iona l assumption of

fac ts or causes the rea l na ture of w hich is
unknown , made for the purpose of s tudying
the effects of such causes .

When the facts assumed by a hypothesis can
be shown to be presumably tr ue the hypothes is
becomes a theory . Atheory , therefore , gives a

more correc t express ion of the rela ti on s be tw een
the causes and effects of n atura l phenomena than
does a hypothes is .

Hypothesi s, Doubl e-Fl uid El ectr ic
— (See E lectr i ci ty , D ouble-F lu id Hypot/zes i s

Hypothesi s, Grothuss
’ —Ahypothe

s is proposed by Grothii s s to accoun t for the
elec trolytic phenomena tha t occur on c los ing

the circui t of a vol ta ic cel l .

Grothti ss’ hypothesis assumes

( I . ) Tha t before the elec tric c ircui t is c losed
the molecu les of the elec trolyte are arranged in
an irregular or unpolarized condition , as repre

Fz
'

g . 293 . Grot/i t
'

ls s
’Hypot/tcs i s of Electr oly t ic Pola r i

z a t ion .

sented at ( I ) , Fig . 293 . These molecules are

shaded as shown in Fig . 294 , to indica te the ir com
pos ition and po lar i ty .

When the c ircu it is c losed and a curren t



Hypo]

begins to pass , a polar iza tion of the electrolyte, as
shown a t en sues , whereby al l the n ega t ive
ends of the molecules of hydrogen sulpha te , o
su lphuric acid, are turned towards the posi tive
or z inc pla te, and a l l the pos iti ve ends towards
the nega tive or copper pla te. This , as w i ll be
seen ,

w ill turn the SO
,
ends towards the zinc

,

and the H2 ends towards the copper .

A decomposi tion of the polar ized cha in ,

whereby t h e SO
4

uni tes w i th the z inc
and the H2 l ibera ted
reun ites w ith the SO

4

of the molecule nex t
to i t in the cha in , and

i ts l ibera ted H
2
W i th Fzg . 294 . Conv en t iona l i zed

the on e next to i t, and M olecu le

so on un til the la s t l iberated H2 in the cha in i s

g iven off at the sur face of the copper or nega tive
plate . This leaves the cha in of molecu les as

shown a t

A semi-rota tion of the molecu les of the
cha in ,

a s a t un til they assume the pos ition
shown a t This rota tion i s requ ired , since a l l
the molecu les in (3 ) are turned w ith their s imilar
poles towards s imilarly charged ba ttery pla tes .

Hypothes is, Sing l e-Fl ui d El ectr ic
—(See Electr i c i ty , Si ng le

-Flu id Hypot/ze

s i s of .)

Hypothetical .—O i or pertaining to a hy

pothes is .

Hypsometer .
—An appara tus for determin

ing the heigh t of a mounta in or other eleva
t ion by a scerta in ing the exac t tempera ture at

wh ich water boils at such elevation .

T he use of a thermometer to measure the

height of a moun ta in or other eleva tion i s based
on the fac t tha t a g iven decrease in the tempera
ture of the boiling poin t of w a ter invar iably at
tends a given decrea se in the a tmospher ic press
ure . There fore, as the observer goes fur ther
above the leve l of the sea , the boil ing point of

w a ter becomes lower, and from this decrease the
height of the moun ta in or other elevation may be

calcu la ted .

Hypsometr i cal .—O i or pertaining to the

hypsometer.

Hyp sometr i cal l y .
-In the manner of the

hypsometer. .

[Hy s

Hysteres i al Di ss i pat ion of Energy—(See
Energy , Hy ster es i a l D i ss ipa t i on of .)

Hysteresi s. M olecular friction to mag

net ic change of s tress .

A retarda t ion of the magnet iz ing or de

maget izing effec ts as regards the causes

w h ich produce them .

T he qual ity of a paramagnetic sub s tance
by v irtue of w hich energy is diss ipa ted on the
reversal of i ts magnet iza tion .

T he ratio of magnetic induc tion to the mag

netiz ing force producing i t, or , in other words ,
the magnetic permeability , is grea ter when the

magnetiz ing force i s decreas ing, than when i t is
increa sing. This phenomenon i s seen in the well
known reten tion of magnetism in iron a fter the
w i thdrawa l of the force causing themagnetiza tion ,

a nd w as ca l led by Ew ing lzy stc r es i s , from
t

11 6 r eflect) , to lag behind .

If a curve i s constructed in which the hori
zo

‘

n ta l abscissa s represen t the magnetiz ing fdrce ,
or the magnetizing curren t to which they are

proportiona l , and the vertica l ordin a tes the

number of l ines of induc tion pass ing through the
body tha t i s being magnetized , both in the case

of gradually increasing and gradua l ly decreasing
Curren ts , the curve w ill be found to have grea ter
va lues for the decreasing than for the increasing
current. Constructing a curve in this manner for
the case of a r ing of

iron ,
which has been

first suddenly magnet
ized and then demag

neti zed , taking the

magnetizing force a long
the line F H

, Fig .

295 , and the resu l t
i ng m a g ne t i z a t i o n
a lon g the l ine M N, a

loop is formed in the

curve
,
as shown i n the

figure. T he arrows

show the direction Of Fig , 295 . Cur ves o/
‘

Hy s

the magnetizing force term
'

f (Ew i ng ).

the shaded area the work done due to hysteresis.
T he area of this loop represents the amoun t of

energy per un i t of volume expended in perform
i ng a magnetic cyc le , i . e . , in ca rrying the iron
r ing through a magnetization and subsequent
demagnetiz a tion .

T he phys ica l mean ing of the loop i s that a lag
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I . H.P.
—Acon traction for ind icated horse

power, or the horse-pow er of an eng ine a s

obta ined by the means of an indica tor card .

I . W. G.
—A contrac tion for Indian w ire

gauge.

Idio-E l ectr i cs.—Aname formerly a ppl ied
to such bodies a s amber, res in or g las s , w hich
are readily electrified by fric tion , and w hich

were then supposed to be elec tric in them
selves .

This distinction was based on an erroneous

conception , and the word i s now obso lete.

Idi ostatic.
—Aterm employed by Sir W il

l iam T homson to des ign a te an elec trome ter
in w hich the measuremen t is effec ted by de
termining the repuls ion between the charge
to be measured and tha t of a charge of the

same s ign imparted to the ins trumen t from
an independen t source . (See H el erosta tz

’

c .)

Idl e Pol eS.
—(See Poles , Idle.)

Ign i ter , Jabl ochkofl' —Asma ll s trip
of carbon , or some carbonaceous ma teria l
tha t is rcadily rendered incandescen t by the
curren t, p laced be tween the free en ds of the

para llel carbons of a jab lochkoff cand le, for
the es tab l ishmen t of the a rc on the passage
of the current .

T he ign iter i s necessary in the Jablochkoff elec
tr ic candle, s ince the para lle l carbon s a re r ig idly
kept at a con stan t d istance apar t by the in sulat
ing ma ter ia l placed be tween them , and canno t
therefore be moved together as in the case of the

ordinary lamp . (See Candle,

Ign i t ion , El ectr ic —T he ign ition of

a combustib le ma teria l by
,

hea t of electric
orig in .

T he electr ic ign ition of w ires i s general ly ac

compl ished by e lectr ic incandescence. Ign ition
may be accomplished by the hea t of the volta ic
a rc . (SeeHea t , E l ectr ic. Fur na ce

,
E l ectr i c. )

The ign ition of combustible gases i s a ccom

p l ished by the hea t of the e lectr ic Spark . (See
B urner , Automa t ic, E lectr i c. )

Il l umina tion , Artifi cial -T he em

ploymen t of a r t ificia l sources of l ight.

274 [l l].

I t gives off no gases , and produces far less
hea t than a gas

-burner of the same candle power .

It perplexes many people to understand why
the incandescen t electr ic l ight shou ld not hea t
the a ir of a room a s much a s a ga s l ight, s ince it
i s qui te a s hot as the gas l ight . It mus t be re

membered, however , tha t a gas
-burn er , w hen

l ighted , not on ly permits the same qua n tity of

A good ar tificial il lumin an t shou ld possess the
follow ing propert ies, v iz

It shou ld g ive a genera l or un iform i llumi

na tion as distingu ished from sharply marked
regions of l ight and shadow .

T o this end a number of sma ll l ights wel l dis
tr ibuted are preferable to a few large l ights .

It shou ld g ive a s teady light, un iform in

bri llian cy , a s distingu ished from a flicker ing ,
unsteady light. Sudden changes in the in ten s i ty
of a light in jure the eyes and preven t distinc t
vision .

It should be econom ica l , or not cost too
much to produce .

It sh iu ld be sa fe , or not l ikely to cause

loss of li fe or property . T o this in ten t i t shou ld ,
i f possible, be inc losed in or surrounded by a

lan tern or chamber of some incombustible ma te
r ia l, and shou ld preferably be l ighted a t a d is

tance .

(5 I t shou ld not g ive off noxious fumes or

vapors w hen in use, nor should i t unduly hea t
the a ir of the space i t i llumines .

It should be rel iable, or not apt to be un

expectedly extingu ished when on ce l ighted .

T he electric incandescen t lamp i s an excel len t
a rtificia l i lluminan t .

It is cap i ble of great subdivision , and can ,
therefore , produce a un iform i l lumina tion .

It i s s teady and free from sudden changes
in i ts in ten si ty .

It compares favorably in point of economy
w i th coa l o il or ga s , prov i ded i ts ex ten t of use i s
suffi c ien tly grea t.

It i s safer than any known i l luminant,
s ince i t can be en tirely inc losed and ca n be

l ighted from a d istance or a t the burner w i thout
the dangerous fr ic tion ma tch .

T he leads, however , mus t be carefully insu
la ted and protected by sa fety fuses . (See Fuse,



g as to enter the room which would en ter i t i f
:the gas w ere s imply turned on and not ligh ted ,
but tha t this bu lk o f gas i s s till given off

, and is ,

i ndeed, con s iderably increased by the combina
t ion of the i l lum ina ting gas w i th the oxygen of the

a tmosphere ; and , moreover , th is grea t bulk of

gas escapes a s highly hea ted gases . Such gases
a re en tirely absen t in the incandescent electr ic
l ight, and consequen tly its power of heating the

su rrounding ai r i s much less than tha t of ga s

l ights .

It is qu i te reliable , and w i ll continue to
burn as long as the cu rren t i s supplied to i t .

Il l umination , Ligh thouse, E l ectr ic
—T he appl ica t ion of the electric are l igh t
to l ighthouses .

Apowerful are l ight is placed in the focus o f

the dioptr ic lens now common ly employed in
l ighthouses . Since the con sumption of the carbon
e lectrodes would a l ter the pos ition of the focus of
the l ight, electric lamps for such purposes a re

c on structed to feed both of their ca rbons
,
ins tead

o f the upper carbon on ly
,
as in the case of the

o rdinary arc lamp . Such lamps are ca lled focus
i ng lamps .

Il l umination, Un i t of —As tandard
-o i il lumina t ion proposed by Preece , equa l to

t he i llumina tion g iven by a s tandard cand le
a t the dis tance of inches .

According to Preece, the i l lum ina tion of the

a verage s tree ts of London , where gas is employed ,
.
i s equa l to about one-ten th of this standa rd in the
-neighborhood o f a gas lamp , and abou t one

zfi ftieth in the middle space between two lamps.
T he term un i t of i llumina tion , in place of in .

tens ity of li ght , was proposed by Preece in order
t o avoid the very grea t d if ficul ty in determin ing
t he inten si ty of a light in a s treet or space where
there were a

'

number of luminous sources , and

where the d irections of incidence of the differen t
l igh ts vary so grea tly .

Acarcel standard at the distance o f a metre
w il l il lumine a surface to the same in tensi ty of

i llumina tion as a s tandard candle a t the distance
o f inches . (See Candl e, Foot . )

Il lumined El ectrode.
—(See Electr ode,

Imbi b i t ion Curren ts—(See Cur rents , 1m
é z

'

bi t i on .)
Images, El ec tr i c —A term some

[Imp

tiri tes a pp l ied to the cha rge p roduc ed on a

neighboring surface by induct ion from a

known charge .

Apos i tive charge produces , by induction , on a

fla t me ta llic surface near i t, a n ega tive charge
which is d istr ibuted w i th varying dens i ty over the
surface, but acts electr ica l ly as w ou ld an equa l
quantity of negative elec tr ic ity placed back of the
pla te at the same distance the positive charge i s
i n fron t of i t. T he correspondence of this cha rge
w ith the image of an object seen i n a plane mirror,
has led to the term elec tric image .

M axwel l defines electr ic image as follow s : An
elec tr ic image i s an e lectr ified poin t, or sys tem of

poin ts , on one s ide of a surface , w hich would pro
duce , on the other s ide of tha t surface , the same

e lec tr ica l action which th e actua l electr ification of

the surface rea lly does produce .

Impedance—Genera l ly any oppos it ion to

curren t flow .

T he sum of the ohmic res is tance and the

s purious res is tance of a c ircu i t measured in
ohms .

Aquan t ity wh ich is rela ted to the S trength
of the impressed elec tromot ive force of a s im

ple periodic or a l terna t ing curren t , in the same
manner tha t re sis tance is rela ted to the s teady
elec tromotive force of a con t inuous current .

In the case o f s teady curren ts
,
the curren t

strength is equa l to the elec tromotive force di .

v ided by the res is tance ; or ,

In the case ofa simple per iodic or al terna ting cur.
ren t, the average curre n t strength is equa l to th e
average impressed e lectromo tive force d i v id ed b y
the impedance ; or ,
Average curren t s trength

Average impressed e lectromotive force

Since impedance , l ike true res is tance of the c ir .

cuit, can be measured in ohms, i t i s sometimes
c a lled the virtua l res istance.

Impedance i s a quan tity equa l to the squa re
root of the sum o f the squares o f the inductive
res istance of the c ircu i t and the ohmic res is ‘ance .

In the case of simple period ic or a l terna ting
curren ts , the average curren t strength i s equa l to
the average impressed e lec tromotive force, di vided
by the impedance ; themaximum curren t streng th
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is equa l to the maximum impressed elec tromotive
force, divided by the impedance .

T he impedance of a c ircu i t can be repre

sen ted geometrica ll y a s fol

low s : Draw a r ight angled
tr iangle (Fig. the base
of which represents the

ohmic resistance of the cir

cui t, and the perpend i cular,
Fig . 296 . Geometr ica l

the in ducti ve res i stance Refi esmmfim of 1m

then th e hypothenuse
'

w il l fla m e.

represen t the impedance.

Since the ohmic res istance equa ls R, and the in

duct ive res istance equa ls the inductance L ,
mul

tipl ied by 2 n
‘

n , in which n , is the frequency , the
va lue of the impedance i s equa l to

Impedance Coi l .
—(See Coi l , Impedance.)

Impedance, Impul si ve or O sci l l atory
T he impedance w hich a conductor

offers to an impu ls ive or oscil la tory dis

charge .

T he impulsive impedance var ies in s imple p ro
portion to the frequency of the per iodic current .
I t depends on the form and s ize of the c ircu it, but
i t i s independen t of i ts res istance or permeability .

Imnonderabl e.
—T hat which possesses no

w eight .
Aterm formerly appl ied to the lumin iferous

or un iversa l ether, but now genera l ly aban
domed .

It i s very ques tionable w hether i t is poss ible for
any form of ma tter to be ac tua l ly imponderable
or to possess no a ttraction for other ma tter .

An imponderable flu id , a s , for example
, the

un iversa l ether , as the term i s now genera lly em

ployed
,
i s a fluid whose w e ight i s compara tively

sma ll and insignifican t, and not a fluid an infin i te
quan tity of which w ould be en ti rely devoid of

Weight.

Impressed El ectromot i ve Force—(See
For ce, Electr omoti v e, Impr essed .)
Impul se, El ectro-M agnet ic —An im

pulse produced ih the ether surround ing a

conduc tor by the a ct ion of an impuls ive d is
charge, or by a pulsating field .

Impul se, El ectromot i ve —An im

pu lse produc ing an impuls ive rush of elec

rr
‘
c ity .

[Inc.

The term is employed to di stinguish be tween
the ordi nary elec tromotive forcewhich produces a
steady current of electr icity and an elec tromotive
impulse which produces an impulsive rush of elec
trici ty or impul si ve d ischarge .

Impul sion Cel l .—(See Cel l , Impul s i on .)

Impul sion Effect—(See Ej ect , Impul

s i on .)
Impul si ve Impedance.

—(See Impedance,
Impuls i v e or O sci l latory .)
Incandesce.

—T o sh ine or glow by means

of hea t .

Incandescence.
—T he shin ing or glow ing of

a subs tance , general ly a sol id , by reason of a

suffi c ien tly h igh tempera ture.

Incandescence, E l ectr i c —T he shin

ing or glow ing of a sub s tance, generally a

solid, by means of heat of electric origi n .

Electr ic incandescence of sol id substances differs
from ordinary incandescence, in the fa ct tha t un
less the substance i s electr ica lly homogeneous»
throughout, the temperature i s not un iform in a ll

parts , but i s highest i n those por tions where the;
resistance i s highes t and the radiati on sma llest.
T he deposi tion of carbon in and on a carbon

conductor by thef la shingr pr oces s i s qui te differen t .

as performed by electr ical incandescence , than i t
w ould be i f the carbons were heated by ordinary
furnace or o ther hea t. (See Ca rbons , Fla s/t ing
Process f or . )

Incandescence, Thermal —T he shimr

ing or glowing of a subs tance, general ly a .

sol id , by means of hea t other than tha t of
'

electric origi n .

Incandescent—Sh ining or glow ing wi th .

hea t.

Incandescent B al l El ectr i c Lamp—(See :

L amp , E l ectr i c , I nca ndescen t B a l l .)

Incandescent El ectr ic Lamp, Li fe Curve
—(See Curr/e, L if e, of I ncandescentof

L amp .)

Incandescent El ectr ic Lamp , Li fe of
-(See Lamp , El ectr i c , I nca ndescent , s e

'

Incandescent Stra ight Fi l amen t Lamp ,

—(See L a hnp , I ncandescent , Str a ig/zt F z
’

la

ment . )
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manner , the Open ing Of the throt tle sets the in .

d ica tor needle to “
ahead, ” etc.

Indicator , El ectr i c Throwback

An annunc ia tor w i th a drop tha t is elec trica l ly
rep laced. (SeeAnnunci a tor , Electra-M ag

net i c .)

Indicator , Lamp —An appara tus
used in the cen tra l s ta tion Of a sys tem of ih

c andescen t lamp d is tribut ion to ind ica te the
presence Of the proper vol tage or potent ia l
d ifference on the ma ins .

Fig . 297 . Ed i son-How el l La mp Ind i ca tor .

T he lamp indica tor Of Edison and Howel l i s
s hown in Fig . 297. It consists essen tia l ly Of a
\Vhea tstone br idge w ith the res istances a rranged
a s shown . Aga lvanometer at G , serves, by the
movemen ts Of its magnetic needle, to act a s an

i ndica tor . This needle rema ins at zero, when
the poten tia l d ifference i s the exact vol tage re

quired on the c ircui t wi th which the indicator i s
connected . T he incandescen t lamp a t L ,

being
one of the res istances, and being constantly
traversed by the curren t , w i ll have a fixed resist
an ce for the temperature at w hich . it is designed
to run . T he other res istances are so proportioned
a s to insure the needle at G , rema in ing a t zero.

If, how ever , the poten tia l va r ies , the tempera ture
of the lamp L , var ies , and , being carbon , i ts re

s i stance a lso varies , a r ise of tempera ture cor

responding to a fa l l Of lamp resistance, which
destroys the ba lance o f the br idge and deflects
t he galvanometer needle . T he attendan t then
regulates the poten tial to bring the needle back to
zero .

Indicator , M ech an i cal Throwback
—An annunc ia tor w i th a mechan ica l drop .

(SeeAnnunci a tor , E lectr o-M ag net i c. An

nunci a tor , D r op . Annunci a tor , Gr a v i ty .)

Indi cator , Pendul um —An annun

c iator, the indicating a rm of w h ich is opera ted

by means Of a pendulum. (SeeAnnunci a tor ,

Pendulum.)
Indi cator ,Poten t i al

—An appara tus
for indica t ing the poten tia l difference between
any poin ts Of a c ircu it .

Avoltmeter i s a poten tial indica tor . It i s,

however , more than a n indica tor , since i t gives
the va lue Of the poten tia l difference in volts . (See

Vol tmeter . ) Alamp indica tor is a poten tial ih
dica tor . (See Indi ca tor , Lamp . )

Indi cator , Semaphore —An annum

c iator in w hich a grav i ty drop or shut ter is
caused to fa l l by the ac t ion Of the electric
curren t , thus expos ing a number of other
s igna ls back of the drop or shutter.

Indicator , Speed
-An ame some

t imes app l ied to a tachometer. (See Ta cnom

eter .)
A form of speed indicator i s shown in Fig .

298. T he endless screw dr ives the ,
wheel w hen

the triangu lar po in t i s hel d fi rmly again s t the
cen tre of the revolving shaft or pulley .

Fig . 298. Speed Ind i ca tor .

Indicator , Vol taic B atter y Ade
v ice for indica t ing the condit ion Of a vol ta ic
ba t tery.

I ndi fferent Poi nt—(See Poi n t , Indif
f er ont .)

Indi rect Exci tati on.
—(See Ex ci ta t i on ,

Induced Atomic Cur rents—(See Ca r

r en ts , Induced , Atomi c ar M ol ecu la r .)
Induced Current .—(See Cur r en t , In

duced .)

Induced Di rect Current—(See Cur r ent ,
D i r ect , I nduced .)
Induced El ectrostat ic Charge. S e e

Cita rg e, I nduced E lectr osta t i c .)
Induced M ol ecul ar Currents—(See Cur

r en ts , I nduced M olecula r .)
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Induced Reverse Currents—(See Cur

r ent. Reverse, I nduced .)

Inductance —T he i nduc tion of a

c ircui t on i tsel f, or on other circuits .

Self-induct ion .

Aterm now genera l ly employed instead Of
s elf-induction.

T ha t property in v irtue Of wh ich a fin ite
e lectromotive force, act ing on a c ircu it, does
not immediately genera te the full curren t due
to i ts res is tance, and w hen the electromotive
force is wi thdrawn , t ime is required for the
c urrent s trength to fal l _

to zero—(F lemi ng )
Aqua l ity by v irtue of w h ich the passage Of

an elec tric curren t is necessarily accompan ied
by the ab sorption of electric energy in the

formation of a magnet ic field.

T he inductance Of a c ircu i t depends
O n the form or shape Of the c ircu it.
O n the magnetic permeabil ity of the Space

s urrounding the circu it.
O n themagnetic permeabil ity of the c ircui t

i tsel f.
For the vari ation s Of curren t strength in elec

t r ic c ircu its , inductance i s not un l ike mass , or

momen t Of inertia , as regards var iation s
'

O f ve lo
c i ty . Time i s required to produce velocity in a

heavy body by the action of any force ; so a lso
time i s requ ired to produce a curren t by the

a ction Of an elec tromotive force .

T he electro-magnetic energy presen t in any

g iven curren t i s equal to the square of the curren t
mul tiplied by the induc tan ce. Sin ce one Of these
factors (the curren t s trength ) represen ts the

:force, the o ther
, the inductance, mus t have the

dimen s ion of a distance or length. Inductance ,
therefore, i s measurable in un its Of length . I f

the c ircu its are formed Of magnetizable ma ter ia ls ,
the inductance of a circui t i s the ra tio be tween the
tota l inductance taking place through the c ircu it
.to the curren t produc ing i t .
If the circu i t is formed entirely Of non -magnetic

materia l , surrounded en tirely by ma teria ls o f

c onstan t magnetic permeability (such as a ir , in

sulators and diamagne tic ma ter ials generally ) , the
i nductance is a constan t quan tity and depends
o n ly on the form or shape of the circu it . In this
c ase

, the tota l inductance through the c ircui t 18pro
port ional to the magnetizing force , and the mag
"

netic resistance , or the magnetic conductance Of
the magnetic c ircuit, is equa l to the tota l induc

tion through the c ircui t, divided by themagnetiz
ing force.

In cases where the magnetic c ircui t is par tly or
wholl y Of paramagnetic substances , where the

induction bea rs no cons tan t ra tio to the magnetiz

i ng force, and where the induc t ion takes place
partly or wholly in media of variable permeabil ity ,
the coe ffic ien t O f selfi nduction , or the inductance,
mus t be defined in three ways :

As the ratio between the counter electro
motive force in any c ircui t and the time ra te Of
var iation of the curren t produc ing i t.

As the ra tio between the total inducti on
through the c ircui t and the curren t producing it .

As the energy assoc ia ted w ith the c ircu i t
i n the form of magnetic field , due to un it curren t
i n tha t c ircui t, or as the coe ffi cien t by which ha lf
the square Of the Curren t mus t be mul ti plied to
Obta in the electro-kinetic energy of the circui t at
tha t instan t. (Fleming )
Aflat sheet or s tri p Of meta l possesses less in

ductan ce than a round conductor of equa l cross
section .

This may be expla ined by conce iving tha t a

fla t conductor presen ts a grea ter absorption sur

face to the dielec tr ic .

Therefore, the per fec t form for; a conductor
transmitting rapidly a l terna t i ng curren ts i s tha t
o f a fla t sheet or str ip Of copper , or preferably a

copper tube .

T he experiments of Hughes show tha t the in
ductan ce Of a conduc tor may be regarded as an

effect due to th e time requ ired for the rapidly
periodic cu rren t to pen etra te the conductor, and
tha t the decrea se in the inductance , produced by
forming the conductor Of a strip or bar, i s due

to the decreased distance the curren t has to pass
to the inner parts.

Inductance, Absol ute Un i t of

un i t Of length equa l to one cen t imetre.

A length equa l to an ear th quadran t or 109

cen timetres i s ca l led the prac tical un i t of induct
ance. T he practica l un i t of inductance w as form
erly ca l led a secohm or quadran t. It i s now gen

era l ly ca lled a henry . (See Henry ,
A. )

Inductance B r i dge—(See B r idg e, 1 n

ductance.)
I nductance, Cc-effi c ien t of Acon

s tan t quant i ty , such tha t w hen mul tipl ied by
the curren t s trengt h pass ing in any coil or c ir
cuit , w il l represen t numerical ly the induct ion
through the coil or c ircuit due to t ha t current.
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Aterm somet imes used for co-effic ient of

self-induc tion . (See Induct i on , Co-efi ci en t

Inductance, Constant -T he induc t
ance which occurs in c ircu its formed w hol ly
Of non-magnet ic ma teria ls , immersed in

'

or

surrounded by med ia Of cons tant magnetic
permeabil ity or magnet ic conductance for

l ines of magnet ic force . (See Permeabi l i ty ,

When the lines Of magnetic force pass through
such ma teria ls as ordin ary insu la tors , or d iamag

netic ma ter ia ls
,
such as copper , the induc tance i s

cons tant, provided the geometr ic form Of the c ir

Cui t rema ins the same.

Inductance, Formal , of Ci rcui t

T hat pa rt Of the coun ter electromot ive force
Of a c ircuit w h ich depends on the form of the

c ircuit .

Inductance, or Sel f-Induct ion , Pract ical

Un i t of —A length equal to the earth

quadran t or 10
9
cen t imetres .

T he absolute un it Of inductance is equa l to I
cen timetre .

Inductance, O sci l l atory, El ectr ic
Inductance produced by electric osc il lat ions .

Inductance, Un i t of —A term now

general ly used for un i t of sel f-induc tion.

T he va lue Of the inductance may be g iven
either in absolute or in practi ca l un its Of induc t
ance . T he absolu te un it of inductance i s equa l
to a length Of one cen timetre . T he pra ctica l un i t
Of inductance i s equa l to I

,
ooo

,
ooo

,
ooo cen ti

metres or 109 cen timetres .

T he practica l un i t Of inductance was former ly
ca lled a secohm . T he term henry i s generally
used for this un i t . (See Hen ry , A. )

Inductance, Var iabl e -T he induc
tance wh ich occurs in c ircui ts formed partly
or w hol l y Of subs tances l ike iron or other
paramagnet ic subs tances , the magnetic
permeabil ity of wh ich varies wi th the inten
si ty Of the magnet ic induc tion , and where the
l ines Of force have their c ircuit part ly or

w hol ly in such ma terial Of variable magnet ic
permeab il ity .

Induct ion—An influence exerted by a

TInd.

—(See

charged body or by a magnet ic field on neigh
boring bod ies w i thout apparen t communica
tion .

Amedium is necessary to connect the body
producing the induction and that i n which the
induction is produced . (See Induct ion ,

E lectr o

s ta t i c . l nduct ion , M agnet i c. Induct ion ,
E lectro

Dy nami c. )

Induction , Apparen t (Jo-effi ci ent of
-Aterm somet imes used for co-effic ient Of

a pparen t magnetic induc t ion . (See I nduc

t i on
, M ag net i c , Appa r en t Co-ejic i ent of .)

I t is cal led the apparen t co e ffi cient of induction
because i ts va lue is differen t from wha t it would
be i f the eddy curren ts w ere en tirely suppressed .

T he eddy curren ts increase the resistance of the

pr imary and decrease i ts inductance .

Induction-B al ance,
'

Hughes
’

B a la nce, I nduct i on , Hug /def .)
Induction , B al ance of, i n Cabl e

T he remova l of induct ion in a cable by
neutra l iza tion by the presence Of equal and
Oppos ite effec ts .

Abalance i s Obta ined of the inductive effects Of
the neighbor ing conductors, w hether in the

bunched cable or outs ide Of i t.

Induct ion-B r i dge.
—(See B r idg e, I nduc

t a nce .)
Induct ion , Co-efli ci ent of —A term

somet imes used for co-efli cient Of magnet ic
induct ion . (See Induct i on , M ag neti c, Co

efi cz
’

en t of .)
Induct ion Coi l .—(See Coi l , Inducti on .)
Induct ion Coi l , Inverted (See

Coi l , Induct i on , I nver ted . T r a nsf ormer .)
Induction , Current Aterm some

t imes used for vol ta ic induct ion . (See Induc

t i on , Vol ta i c. Inducti on , E lectr o-Dy nami c .)

Induct ion , Di ssymmetr i cal , of Armature
—Ah induct ion produced by the passage

Of a d ifferen t number Of l ines of magnet ic
force through adjoin ing halves Of the arma

ture.

Induct ion , El ectro-Dynamic —E1ec
t romot ive forces set up by induc tion in con

ductors w hich are ei ther actua l ly or pract ica lly
moved so as to cut the l ines of magnetic
force.



https://www.forgottenbooks.com/join


Ind.]

decreas ing the in tens ity of the curren t in the

primary, an induced curren t w i ll be set up in the

secondary c ircui t in the same direc tion as the

pr imary cur rent.
From a l l of these phenomena , w e see tha t any

incr ea se of curren t in a conductor produces in a

neighbor ing conductor an induced inv er se cur ren t,
“

or one in the oppos i te di r ect ion to the i nducing

cur r ent
,
wh i le a decr ea se of such curren t produces

a di r ect i nduced curr en t , or one in the s ame

di r ect ion a s t/i e i ndu cing c ur r ent.

If the induction coil be made , as in Fig. 301 ,

w i th i ts pr imary co i l movable in to and ou t of the

secondary coil , then the fol low ing phenomena w i ll
occur

When the pr imary coil is moved tow ard
the secondary co ll an in ver s e curren t i s induced
in the secondary ; and,
(2 When the pr imary coil i s moved aw ay from

the secondary coil a d ir ect curren t is induced in
the secondary .

T he movemen ts of permanen t magnets towards
or from a coil w il l a lso produce an i nduced cur

ren t.
If, for example , the apparatus be arranged a s

in Fig . 302, then

Fig . 3 01 . El ectr a-Lb'na m i c

( I . ) Amotion of the magnet tow ards th e coi l
produces an induced curren t in the co il in one

direction , and

Its motion aw ay from themagnet produces
an induced curren t in the coil in the opposite
direc tion .

T he direction s of these induced curren ts are

respectively i nver s e and dir ect as compared w i th
the d irection of the amper ian cu rrents w hich a re

assumed to produce the magn etic poles of perma
n en t magnets , or of the curren ts tha t actually

produce elec tro-magnets . (See M agnet i sm,
Am

per e
’
s T[l eery of . )
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These facts may be expressed by the following
laws

Any increase in thenumber of lines of force

whi ch pass through a c ircu i t produces an invers e
curren t in that c ircui t, whi le any decrease in the

number of such l ines of force whi ch pass through
any c ircui t produces a direct curren t in that
c ircui t.

Fig . 3 03 . Flem i ng
’
s Rule.

-T he in ten s ity of the induced current, or,
more correc tly , the difl

'

er ence of potentia l pro .

duced
,
i s propor tion a l to the ra te of incr ease or

decrea se of
.

the l ines of force pass ing through the
c ircu it .
Aconductor , therefore, w hen moved through
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a magnetic field so as to cut the lines ofmagnetic
force, wi ll have a d ifference ofpoten tia l genera ted ,
and if i ts c ircu it is closed so tha t the difference o f

poten tia l can neu tra lize i tse l f
,
i t w i l l have a cur .

ren t produced in i t by induction .

As imple but effective manner of remembering
the di rec tion of such curren ts is tha t proposed by
Fleming .

If the hand he held w ith the fingers extended
,

as in Fig . 303 , and the direction of thef orefi nger

represen t the pos i tive d irec tion of the lines of

force, i . e . , those coming ou t of th e N . pole of a
magnet, then , i f a w ire or other conductor be
moved in the d irec tion in which the thumb points

,

so as to cut these l in es of force at r ight angles ,
that i s , i f the conductor have i ts length moved
directly across these l ines

,
i t w il l have an induced

curren t developed in it in the direc tion in which
the middle fi nger poin ts . (See For ce, Li nes of ,
Di rection of . )
O r , the same thing can ,

perhaps , be even more
readily remembered by
Cutting a piece of paper
in the shape shown in

Fig. 304, marking i t as
shown , and then bending
the arm P, upward a t the
dotted line, so as to form
three axes at right angles
to one ano ther .

As has been already
remarked , a dif er en ce of

poten tia l , and not a cur

ren t, is produced bymov
ing a conductor through C
a magne uc field so as to

” mi ni s Rule.

cut i ts lines of force .

It can be shown tha t in order to genera te a dif
ference o f poten tial of one vol t , C . G .

S. lines of force mus t be cu t per second .

In elec tro-dynam ic induction ,
the induced cur

ren t i s produced by the energy absorbed in moving
the conductor through the magnetic field . Len z
has shown tha t in al l cases of elec tro-dynamic
inducti on , produced by the movemen t e ither of

the c ircui t or of the magnet, the curren t induced
in the c ircuit i s in such a direct ion a s to produce
a magnet pole which would tend to oppose the
motion .
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£25 3 06 . Induct ion Pr ecedes Attr a ct ion .

Induct ion , El ectro-M agnet ic —A negati ve elec tric ity at A, may be su ffi cient in
variety of electro-dynamic induc t ion in w hich amoun t to neutral ize the posi tive cha rge on C , if

electric curren ts a re produced by the mot ion a llowed to do so . In poin t of fact the charg e ln

of electro-magnets or electro-magnet ic sole

noids . (See I nduct i on , E lectro-Dy nami c.)
Induction , El ectrostatic — T he pro

duct ion of an elec tric charge in a conductor
brought in to an elec tros ta t ic field .

If the insu la ted conductor AB , Fig . 305 , be

brought into the pos itive elec trosta tic field of the

insula ted conductor C , then ,

( I . ) Acharge wi l l be produced on Aand B , a s

w i l l be indicated by the divergence of the pith
ball s .

This charge i s nega tive at the end A,

neares t C
,
and pos itive at the end B

,
fur thest

from C , as can be shown by an electros cope. (See
Electroscope.

Fig . 3 05 . Electros ta t ic Induc t ion .

T he charges a t Aand B
,
are equa l to each

other for , if the conductorAB , be removed from
the field of C , w ithou t touching i t, the oppos ite
charges completely neu tra l ize each other .

I f
, however, the conductor AB ,

be touched
at any place by a conductor connected w ith the
earth, i t w ill lose i ts pos itive charge, and w ill
rema in nega tively charged when removed from
the fie ld of C . It is in this manner tha t an electro

p/i orus i s charged . (See El ectrop/zorus . )
The amoun t of the charges produced in the

conductor , AB , can never be greater than that
in the inducing body C . That is to say , the
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duced i s less in amoun t than the inducing charge,
according to the distance between C andA, and

the n a ture and condition of the medium which
separa tes them.

T he attractions of l ight bodies by charged sur

faces are due to the opposi te charge produced on

those parts of th f l ight bodies tha t are neares t the
charged body
T he pith ba ll B , Fig . 306 , suspended by a s ilk

thread between an insulated pos itively charged
conductor A, and the un insula ted conductor C ,

w il l receive by induction a nega tive charge on

the side nearest A, and a pos itive charge on the

s ide neares t C . It i s therefore a ttracted to A,

w here, receiving a positive ch arge, i t i s repelled to
C ,

where i t is d ischarged and aga in assumes a

ver tica l pos ition . Induc tion aga in occurs , and

con sequen t a ttraction and repulsion . These
movements fol low on e another so long as a su ffi

c ien t charge remains in A.

Induction , Faradi c, Apparatus

(SeeAppa r a tus , Fa r ad i c I nduct i on .)

Induction-Finder .
—(See F inder , I nduc

t i on .)

Induction , Lateral —An induct ion
observed between closely approached portions
of a c ircu i t t hrough w hich an impu ls ive d is
charge , such a s the d isruptive discharge oi a

Leyden jar, is passed as a long spark, thereby
making the res is tance of the c ircui t h igh .

Along copper w ire
,
bent in the form of a rec

tangle, has its free ends near their extremities
ben t so as to approach w ithin ha l f an inch of each
other . O ne of the ends of the w ire is provided
w i th a meta llic ba l l and the other end connec ted
w i th the earth . If

,
now

,
a Leyden jar charge is

passed through the w ire by connecting the ou ter
coating w i th the end of the ea r th-connected w ire
and holding the ins ide coa ting near the knob , a
spark w ill pass through the ha l f inch of space be
tween the approached por tions of the c ircu it.
This discharge i s due to wha t was formerly

ca lled lateral induction . T he discharge of a

Leyden jar i s an osc il la tory discharge, and i t
passes through the interven ing a ir space in stead
o f through the conductor becau se the res istance
of the la tter to the rapid a lterna tions produces a
coun ter electromotive force w hich acts as a re

si stance whose va lue i s grea ter than tha t of the
a ir space i tself . (See Pa th , Al terna tive. )
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Induction , M agnet ic -T he produc
t ion ofmagneti sm in a magnetizab le subs tance
by bring ing i t in to a magn etic field.

Suppose a small portion of a magnetizable body
i s placed in a magnetic fie ld produced i n a gap

separa ting two c losely approxima ted poles . T o

s impl ify matters , suppose this sma ll por tion to be
a free un i t pole. It w i ll be acted on by two
forces

When a magnetizable body i s brought in to a

magnetic field the fol lowing phenomena occur ,

v iz

T he force due to the magnetic field .

T he force d ue to the free magnetism,

w hich appears a t the surface of the gap or cut .

T he force on the un it pole is compounded of

these two separa te forces , and i s ca ll ed themagn et i c

i nduct ion of the Spa ce . M agnetic induction is ,

therefore
,
s tr ictly speaking , a quan ti ty .

T he direction of magnetic force and the mag

netic induc tion are the same in an ai r space ou t

s ide a magnet. Wi thin a bar of iron or other
paramagnetic ma terial

, under induction in a mag

netic field , the magnetic force a t any poin t i s due
not only to the externa l or or igina l field , but a lso
to the field produced by the polari ty induced ,
which acts Opposed to the magnetic force a t

points . M agnetic force and magnetic induction
are iden tica l onl y where there i s no magnetism.

( I . ) T he l ines o f magnetic force pass through
the body and are condensed upon i t. (See Fi eld ,
M agnet i c. Pa r amagn et i c. )

If the body i s free to move a roundan axis,
but i s not free to move bodily towards the magnet
pole, i t w il l come to rest w ith i ts greatest extent
or length in the direction of the l ines of force ;
i . e. , in the direction in which it w i l l offer the
leas t resistance to the lines of force tha t thread
through it.

T he body w il l therefore become a magnet,
i ts south pole being s itua ted w here the li nes of
force enter i t and i ts north po le where they pass
out from i t . Since the l ines of magnetic for ce
are assumed to come out of the nor th pole of a

magnet and to en ter i ts south pole , i f a magnet

i zable substance is brought near a nor th pole,
the l ines o f force from tha t north pole w ill en ter
i t a t those parts n earest such nor th pole , thereby
render ing such points south , and w ill pas s ou t of
i ts fur ther end , which w i l l thereby become north .

T he in ten si ty of the induced magne tism
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induction w hich takes place in the field of a

magnet w hose field is s ta tionary as regards
the body in which induc tion is occurring.

T he term sta tic magnetic inducti on i s used in
contradis tinction to dynam ic magnetic induction
which occurs in a moving field . (See Induct ion ,

Electra-Dy nami c.

Induction , M agnet ic, Surface-Integral

of -Aterm employed in the same s ense

as the magnet ic induc t ion w h ich takes place
over a gi ven area .

Inducti on , M agneto El ectr i c —A
variety of elec tro-dynamic induc tion in which
electric curren ts are produced by the motion
of permanent magnets , or of conduc tors pas t
permanen t magnets . (See I nduct i on , E lec

tro-Dy nami c .)
Induction , M utual -Induction pro

duced by two neighboring c ircui ts on each

other by the mutual in terac tion of their mag

netic fields . (See I nduct i on , E lectro-Dy

nami c. Cur ren ts , Ex tr a .)
Induct ion produced in neighboring charged

conductors by the mu tual interact ion of the ir
electros ta tic fields . (See F i eld , Electr o

s ta t i c .)
T he mutual induc tion of two conductors or cir

cuits , is equa l to the ra tio of the induction w hich
takes place through one of the c ircui ts , to the

strength of curren t in the other c ircu i t, which i s
producing the induction

Induct ion , M utual , (Io-effi ci ent of

T he quan t ity w hich repiesen ts the number
of l ines of force wh ich are common

"

to or

l inked in w i th two c ircu its , which are pro

duc ing mutua l induc tion on each other.

T he maximum va lue the co-efficien t of mu tua l
induction can have

,
i s equa l to the square roo t of

the product of the inductance of th e two circui ts ,
or 1/ L X N,

in which L and N , are the con stan t
t o-efficients of self-induc tion of the two c ircui ts .

Induct ion , M utual , Loops of —L00ps
or l ines of induction produced in any c ircui t
by varia t ions in the in tens ity of the curren t
flow ing in a neighboring c ircu it .
T he l ines of induc tion produced by a c ircui t, in

which a cur ren t of electrici ty is flow ing, are
Fig . 3 08. Refl ect ion of Induct ion.

[Ind.

c losed loops or c ir c les surrounding the c ircu i t shown , so as to act a s the pr imary and secondary
once or more . T he w ire or c ircui t i s formed by respectively of an induction coi l, and are placed

coil ing a conductor a number of times in a cir
cular coi l, and this circu lar coi l i s placed near

another coi l in w hich a vary ing curren t i s flow ing.

As the l ines of induction grow or increase,
they cu t the circu lar co i l , forming l ines of induc-r
tion in the shape of loops

,
a number of w hich pass

around i t. They are ca lled loops o f mutua l in
duction.

Induct ion , Open-Ci rcui t T he in

duct ion produced in an Open c ircu it by means

oi electric pulses in neighboring circu its .

T he researches of Her tz have shown tha t when .

an impuls ive discha rge, or an oscilla tory d is-r

charge, occurs, an induc tion occurs even in open .

c ircu ited conductors . He show s tha t these induc
tive eti ects are due to electro-magnetic w aves or

oscilla tion s set up in the surrounding e ther,
which are propaga ted through free ether w i th the:
velocity of light. When these e lectro-magnetic
w aves or radiations impinge on any c ircu i t, i f its
dimens ions be such tha t sympa thetic vibra tions
can be exc i ted therein , such vibra tion s are set up
and cause s imilar phenomena to those of the ex

c iting cause, v iz . , osci llatory discharges or e lec
tro-magnetic vibra tion s . Her tz ca lls these sym

p athetic c ircu its, reson ators , from their resem

blance to acoustic resonators . (See Reson a tor s
,

E l ectr i c . )
Induct ion , O sc i l l atory A name

somet imes app l ied to open-c ircu it induc tion .

(See I nduct i on , Open-Ci r cu i t .)

Induct ion , Reflect ion of A term
proposed by Fleming to express an ac tion
w hich resembles a reflec tion of induc tive
pow er.

T he coilsAand B , Fig . 308, are ar ranged as
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conjuga te or perpendicu lar to each other . (See

Coi l s , Conjuga te . ) Therefore, no sounds are

heard in the telephone T , when the curren t is
rapidly reversed. If, howev er , a plate of copper,
C , is placed in the position shown , then sounds
are heard in the telephone. T he action here
resembles a reflection of the inductive action from
Ato B , by means of the pla te C . T he explana
tion is , of course, s imple . ThoughA, can exer t
no ac tion on B , because the two coils are conju

ga te to each o ther , yetA, can produce secondary
curren ts in C ; and these reacting on B , produce
tertia ry curren ts in C , and , therefore, sounds in
th e telephone.

Induct ion , Sel f —Induct ion produced
in a circui t a t the momen t of s tart ing or s top
p ing the curren ts therein by the induc tion of

the curren t on i tself. (See Cur rents , Ex tr a .)
Acoi l hav ing un i t self-induction , i s sometimes

sa id to have one tube of induction , or l ine of force
added to i ts field for each increase of one un i t of
curren t .

Induction , Sel f, Absol ute Un i t of
Aterm somet imes employed for absolute un i t
of inductance. (See Inducta nce, Absolute
Un i t of .)

Inducti on , Sel f, Ayrton Perr y’s
Standard of —As tandard for the com
parison of va lues of sel f-induc t ion .

T he standard of self-induction of Ay rton
Perry consists of three bobbins of w ire , two fixed
and one movable. T he movable bobbin i s so ar

ranged as to be capable of mo tion through 180

degrees w ithin the fixed bobbins . T he coils are

wound on the surface of the zone of a sphere.

This apparatus permits of the ready compar i
son of the selfi nduc tion in differen t c ircu i ts , or in
the same ci rcui t under differen t condition s .

Induction, Sel f, Coe ffi cient of

T he number of l ines of force the curren t w ould
induce or enclose in itsel f w hen the curren t
flowing through it is equal to one absolute
unit.

Aterm sometimes employed in the sense

of inductance of a c ircu it.
T he co-efficien t of sel f-induction is defined by

Fleming as follow s : In the case of c ircui ts con
vey ing electri c curren ts , which are wholly made
of non-magnetic ma ter ial , and wholly immersed

[Ind.

in a medium of constan t magnetic permeabil ity ,

the total induction thr ough the c ircu i t per un i t of
curren t flow ing in tha t c ircui t, w hen removed
from the ne ighborhood of a l l other magn e ts and

c ircuits, i s ca l led the coe ffi c ien t of se lf-induction ;
otherw ise the ra tio of the numerical va lues of the
elec tro-magnetic momen tum of such c ir cui t, and
the curren t flow ing in i t, when total ly removed
from all other curren ts and magnets , i s the nu

merica l va lue of the inductance of the cir cui t . ”

Since the magneti c li nes due to a curren t in a

c ircu i t thread through the convolution s of the cir
cui t i tsel f, any var ia tion in the cur ren t induces
a difference of poten tial in the circuit i tsel f, s ince
the l ines of force produced by the current in the

c ircu i t pass through or cut the c ircu it.
T he ratio be tween this sel f-induced elec tromo

ti ve force, and the ra te of cha nge in the cur ren t
which causes i t, is ca lled the co-efli c ien t o f sel f
induc tion . (S . P. Tfiompson .)
For a given coil the coe ffi cien t of se lf-induc tion

i s , according to S. P. Thompson

( I . ) Propor tional to the square of the number
of convolutions .

Is increased by the use of an iron core.

If the magnetic permeability i s assumed as
constan t, the co-efficient of sel f-i nduction i s nu

merica lly equal to th e produc t o f the number of
l ines o f magnetic force due to the curren t, and
the number of times they a re enclosed by the

c ircui t.

Induction , Sel f, M agnet i c
—A re

tardation in the appearance of magnet iza tion,
a fter the applica tion of the magnetizing force ,
due to the influence of the magnetic lag .

M agnetic retarda tion .

This retarda tion in the magnetiza tion has re

ceived the name of magnetic self-induc tion or re

ta rdati on because i t corr esponds to the retarda
tion in the s ta rting or s topping of a curren t, in a

conduc t ing c ircu it, due to the self-induction of the

curren t.

Induct ion , Sel f, Un i t of —T he uni t

of induc tance . (See I nducta nce, Un i t of .)
T he

.

un i t of self-induc tion is now general ly
ca lled the un i t of induc tan ce.

Induct ion , Symmetr ical , of Armature
—An induction produced by the s imul

tane ous pas sage of the same number of lines
of magnetic force through adjoining halves of
the arma ture.
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Induction Tel egraphy, Current Induc magnetic fiel d as to continuously cut its l ines
t ion System of —(See Teleg r ap/zy , In of force.

duct ion , Current I nduct ion Sy stem of .) If the conducting wire, AB C ,
Fig . 309, be roo

Induct ion Tel egraphy, Static Induction
System of —(See Teleg rapny , I nduc

t i on , Sta t i c I nduct i on Sy stem of .)

Induct i on Top.
—(See Top , Induction .)

Induct ion , Total M agnetic —T he
total magnet ic induc tion of any space is the
number of l ines of magnet ic in duction w h ich
pass through tha t space, w here themagnetiz
able material is placed, together w ith the l ines

added by the magnetization of the magnetic

material .

Induction, Tubes of —A portion of

a magnetic field contai n ing a number of

closely con tiguous l ines of induc tion termi
nated by equipoten tial surfaces , or surfaces

perpendicular to the l ines of induction .

Tubes of induction possess the following char
acteristi cs

T he product of a norma l cross-section of a

tube and the mean magnetic induction which
takes place over tha t section i s the same for a l l

cross-sections of the tube. In other w ords , the
flux or flow of induction i s con stan t throughou t
the ent ire length of the tube .

T he normal cross-section of any equipoten

t ia l surfa ce a t any poin t of a tube o f induction i s
inversely proportional to the magnetic induction
at tha t poin t.

Al l tubes of induc tion form endless tubes .

This i s necessary, s ince al l l ines of induction form
c losed c ircu its .

All tubes of induction may be expressed
by a s ingle line of induction , which , i n the ca se of

a un iform field , occupies the cen tre of the tube .

(See For ce, Tnoes of . )

Induct ion , Vol tai c —A variety of

electro-dynamic induction produced by c ir

cuits on themselves or on neighboring c ircuits .
M utual induct ion . (See I nduct i on , E lec

tro

This kind of inducti on is usual ly cal led cur ren t
induction .

Induction , Un i pol ar —Aterm some

t imes appl ied to the induction tha t occurs

when a conductor is so moved through a

Fig . 3 09. Umltola r Induction .

.ta ted (in a direction toward the observer ) around
the pole N ,

of a magnet, i t w ill con tinuously cut

i ts l ines of magneti c force in practica lly the same

d irection ,
and w i ll therefore produce a difference

of poten tial tha t w i ll resul t in a continuous cur

ren t in the d irection of the arrows . T he end A
,

i s supported in a recess in N , while the end near

C ,
s l ides on a projection on the middle of the

magnet .
Un ipolar induction occurs in the case of Stur

geon
’
s wheel , in which a meta ll ic disc mounted

on an axis i s rota ted between the poles of a mag
n et so as to cut the lines of magnetic force . In

this case a diflerence of poten tial is genera ted
which w ill produce a curren t that flow s from the

axis to the periphery , provided contact points are
placed on the axis of rota tion and the periphery
of the disc connecting these parts of the disc in a

c losed c ircui t.
Un ipolar dy namos operate by the con tinuous

cu tting of l ines of magneti c force .

Strictly speaking , there i s no such thing as a

un ipolar dynamo or unipolar induction , since a

s ingle magnetic pole canno t exis t by itsel f. Con

t inuous cutting of l ines of magnetic force , how

ever, can exist, a nd produces , un like the ordinary
bipolar induction , a con tinuous curren t w ithout
the use of a commutator .

Induct ionl ess Resi stance.
-(See Resi st

a nce, Induct ion less .)

Inducti ve Capaci t y, Spec i fi c
Copaci ty , Speczfi c Inducti ve.)

Induct i ve Ci rcui t—(See Ci r cu i t , Induc
i ve.)
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Aterm employed to indica te the tendency
of a curren t to res is t its s topping or s tart ing.

By sel f-induction an e lectromotive force is pro
duced in a w ire or o ther conductor at the momen t
of s tart ing the curren t in i t tha t tends to Oppose
the star ting of su ch current , and al so an electro
motive force a t the momen t of s topping the cur
ren t, in such a directi on as to prolong or con tinue
the curren t . In other words

,
self-induc tion tends

to retard the r ise or fa l l of the curren t.
Fleming traces the follow ing comparison be

tween the momen t of iner tia of a rota ting wheel
and the energy of its rotation on the one s ide, and
the inductance of a ci rcui t and the electro-mag

netic energy o f the circui t on the other .

( I . ) T he angular momen tum of a fly-wheel i s
equa l to the numer ica l produc t of i ts momen t of
iner tia and the angu lar veloci ty of the wheel .
Similarly the electro-magnetic momen tum is equa l
to

'

the product of the inductance of the c ircui t by
the curren t flow ing through i t a t any instan t .

T he ra te of change of the angular mo

men tum of the w heel , a t any in stan t, i s a mea sure

of the ro ta tiona l force of the couple acting a t tha t
instant.
Similar ly the ra te of change of the electro-mag

netic momen tum of the c ircu i t i s the measure o f

the electromo tive force acting on i t so fa r as

mere change of curren t is concerned , and irre
Spective of tha t par t of the electromotive force re .

quired to overcome the ohmic resis tance .

An electric curren t does not start or stop in
s tan taneously . I t requ ires time to do e ither , just
as a stream of wa ter or other fluid does, and it is
this property which i s referred to by the term
electric inertia . Inertia does not appear to be

possessed by elec tr icity apar t from matter . I t

i s doubtful , ” says Lodge, w hether elec tr ic ity
of i tself, and disconnected from ma tter , has any

inertia .

”

Inert i a , El ectro-M agnet ic —Aterm
s ometimes employed ins tead of induc tance,
or the sel f-induction of a current. (See I n
ductance. I ner ti a , Electr i c .)
Inert i a, El ectro-M agnet ic, Co effic ient of

—Aterm somet imes emp loyed in p lace
of the co-efli cient of induc tance or sel f-induc t
ance of a c ircuit.

Inert i a, M agnet i c —T he inabil i ty of
a magnet ic core to ins tan tly lose or acquire
ma

~
net ism.

—T he es tab

Amagnet core tends to con tinue in the mag

netic s ta te in which it w as placrd .

T he magnetic iner tia i s sometimes ca lled the

magnetic lag .

T o decrease the magnetic inertia , the strength
of the magnetizing curren t i s increased and the

l ength of the iron core decrea sed . T he iron
should a lso be qu ite soft . (See Lag , M agn et i c.

For ce
,
Coer ci v e . )

Inferred Zero.
—(See Zer o, I nf er r ed .)

Infi ni ty Pl ug .
—(See Plug ,

I nfi n i ty .)

Influence.
—Aterm somet imes used ins tea d

of electros ta t ic induc t ion . (See I nduct i on ,

E lectrosta t i c .)
T he word influen ce i s used by some to apply

t ) the ca se of electrosta tic induction , a s dis tin
guished from elec tro-magnetic or magnetic induc
t ion .

I nfluen ce Charge— (See C/za rg e, I nflu

ence.)
Influence M ach i ne.

—(See M a cni ne, I n

f luence.)
I nk er , M or se —A form of tele

graphic ink-w riter. (See I nk Wr i ter ,
Tele

g r aph i c .)

Ink-Wr i ter , Tel egraph ic
—Adevice

employed for recording the dots and da shes
of a telegraph ic mes sage in ink on a fi l let or
s trip of paper.

Atelegraph ic ink-wr iter i s a form of telegraphic
recorder . (See Recorder , M or s e. )

InsideWi ring.
—(See Wi r ing , Ins ide.)

Insol at ion , El ec tr i c Aterm some

t imes employed for elec tric suns troke , or

elec tric pros tra t ion . (See Sunstr oke, Elec

tr i c. Prostr a t i on , Electr i c.)

Instal lation—A term embrac ing the

en tire p lan t and its accessories required to

perform any specified Work.

T he act of placing, arrang ing or erec t ing
a p lan t or appara tus .

I nstal l at ion , El ectr ic
l ishmen t of any elec tric p lan t .
An electric l ight in sta llation , for example , in .

eludes the s team eng ine and bo ilers , or other
prime movers

,
the dynamo-electric machines , the

l ine w ires or leads , and the lamps .

Insul ated B ody .
—(See B ody , Insula ted.)
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Insul ating Cements—(See Cemen ts , I n
s ula t ing .)
Insul at ing Sl eeve—(See Sleeve, I n su la

Insul ati ng Stool . —(See Stool , I n su la

Insul at i ng
' T ape.

—(See T ape, I nsula

Insul at i ng T ube.
—(See Tube, I n su la

Insul at i ng Varn i sh .
—(See Va r n i s/i , E lec

t r i c .)

Insul at ion , El ectr i c —Non-conduc t
i ng ma teria l so p laced w ith respec t to a con

ductor a s to preven t the loss of a charge, or
t he leakage of a curren t .

In the case of coils the character of the in sula
t ion of the coi l of w ires through whi ch the cur
ren t is to pass mu s t be con s idered from the s tand

p oin t of the cooli ng of the coi l by radia tion .

In consider ing the sa fest and most economica l
c urren t den si ty to employ in any dynamo or

.motor
,
the depth of the co il , i . e . ,

the thickness of
i ts coils , must be cons idered , as w ell as the char
.acter of the mater ia ls employed for the insu la tion .

Such subs tances a s s ilk or wool , which are char
.a cteri zed by low hea t conduc tion , reta in the hea t
l onger than cotton . Hence the d epth of a silk
(covered coi l shou ld necessar ily be less than tha t of
-one covered w i th cotton .

Insul at ion Joint — (See joi n t , I nsu la

.t i on .)
Insul at ion , Porous —An insula t ing

m a teria l con ta in ing a ir or gas p laced between
t he conduc tor and the insula ting covering .

A strip of perfora ted paper i s used for cove r
'ing the bare conductor , and the in sula ting ma

t er ial i s placed on the outs ide of this or
, a cord

i s w rapped separa tel y around the conductor , and
the insula ting mater ial i s placed on the outside of
this . B y these means , as wil l be seen , a layer o f
a ir exists between the conductor and i ts insula ting
covering .

Insul at ion Res i stance—(See Res i stance,

I nsu la t i on .)

Insul ation , Stat ic —A term em

p loyed in elec tro-therapeut ics for a method
o f treatmen t by convec t ion s treams or dis

[Ina

—An insula tor

charges , in wh ich the pa tien t is sea ted on an

i nsula ted s tool connected to one pole or

electrode of an influence mach ine , w hile the
other pole or elec trode is connec ted to the

g round .

Insul ator Cap .
—(See Cap , I nsu la tor .)

I nsul ator , Di ce-B ox Aname some

t imes appl ied to a doub le-cone insula tor. (See
I nsula tor , D ouole-Cone .)

I nsul ator , Doubl e-Cone —An insu

la tor in w hich the l ine w ire pa s ses through and
i s supported by means of a tube cons is ting of

two inverted cones joined a t their sma ller

bases .

Insul ator , Doubl e-Cup An insula
tor cons is t ing oi two funnel-shaped cups ,
p laced in an inverted pos i tion on the sup

port ing pin and insula ted from one another
by a free a ir space, except near the ends ,
w h ich are cemen ted .

T h e w ire i s wrapped in a groove on the outside
o f the outer cup . This possesses the advan tage
of expos ing i t to the ra in , which thus c leanses the
insula tor and improves i ts power of in su la ti on .

T he inner cup is suppor ted on a pin and the outer
cup cemen ted to i t . Any leakage mus t, there
fore, pass over the en tire surface of b J Lh cups .

Insul ator , Doubl e-Shack l e —Aform
of insula tor used in shackl ing a w ire , cons is t
ing of two s ing le-shackle insula tors .

Insul ator , Doubl e-Shed Adoub le
cup insula tor. (See I nsu la tor , D ouble-Cup . )

Insul ator , Fl uid —An -insulator pro
v ided w ith a sma l l , in terna l ly p laced , annular,
cup

-shaped space, fi l led w it h an insulat ing
oil , thus increas ing the Insula t ing power of the
support .
T he l ine w ire i s wrapped in a groove on the

outs ide of
,

the insul a tor . Any surfa ce leakage
between the w ire and ground in wet wea ther
mus t occur between the ou ter Surfa ce of the insu
l a tor , which i s kept c leansed by the ra in , and the
inner su rface, where i t i s supported by the pin.

B ut to do this , the curren t mus t cross the o il in

the cup , which , from i ts high power of insula tion ,

effectua l ly preven ts leakage.

Insul ator , Inver t
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placed on the top of the w ire ins tead of under
neath it , as was formerly ’

done.

Insul ator , O i l —A fluid insula tor
fi l led w ith oil . (See I nsula tor , Flu i d .)

Insul ator Pins—(See Pi ns , Insul a tor .)

Insul ator , Singl e-Shack l e
—Aform

of insulator used for shackl ing a w ire . (See

Sna ccl ing a Wi r e.)

Insul ator , Singl e-Shed

tor w ith a single inverted cup.

T he w ire i s wrapped around a groove on the

outside of the cup , w here it is exposed to the

c leansing action of the ra in . T he cup i s inverted
and supported on a p in ,

to whi ch i t is screwed and
cemented .

Insul ator , Tel egraph ic or Tel ephon i c

—A non-conduc t ing support of tele

graphic , telephonic , elec tric l ight or other
wires .

In sula tors are general ly made of glass, earthen.

—An insula

Fzg . 3 1 1 . Por cela i n

In sula tor .

ware, porcela in or hard rubber , and assume a

variety of forms , some ofwhich are shown in Figs .

3 10, 3 1 1 and 3 1 2. O f wha tever ma teriai l they ar
made, i t i s necessary tha t the
sur face on which the w ire rests ,
or around which it i s w rapped

,

shou ld be smoo th , so as to avoid
abras ion , e ither of i ts insulat

ing covering or of the w ire i

Two things are to be con

s idered in the se lec tion of an

insu la tor , v iz
( I . ) T he in su lat ing power of

the ma ter ia l of which the in
sulator is composed

, so as to s g
r
. 3 r z . Ha rd

reduce the leakag e a s much as
[ fl u la fw o

pos s ible . (See Leakage , E lectr i c. )
T he tens ile strength of the ma ter ia l. ‘

so

that in case of heavy wi res no breaks may resul t .

from the frac ture of the in sulator .

Some forms of insulators are shown in Figs
3 10, 3 1 1 and 3 12. They are screwed to the pins
by the threads shown. The insulating materia ls
of which they are formed are of glass, porcela in .

and hard rubber respectively .

Insul ator , Window-Tube —A tube
of vulcan ite or other insulat ing ma terial pro
v ided for the insulat ion of a w ire entering a

room.

T he wire conductor passes through the middle
of the tube

,
which is firmly fixed in an open ing ,

passing through the w indow frame .

Insul ator , Z Aform of double-cup
insula tor in wh ich the insulat ing ma terial ,
earthenware or porcela in , is made in as ingle:
piece, ins tead of in two sepa rate p ieces .

T he body of the in sulator is con ica l in form,

and the in terior a ir space presen ts a shape ap

proxima tely tha t o i th e letter Z.

T he double form is used in order to dimin ish .

the leakage .

Intensi ty Armature—(See Arma ture,

I n ten s i ty .)
Intensi ty, Connection ofVol taic Cel l s for
—Aterm formerly employed for series

connec ted vol taic bat tery cel ls . (O bsolete )
Intens i ty, M agnetic —Dens ity of

magnet ic induction .

M agnetic flux per square centimetre.

Acommittee of theAmerican Insti tu te of Elec
tr ical Engineers on “ Un its and Standards , ” pro
poses the follow ing defin i tion for magnetic in ten
s iry
The induction dens ity at a point wi thin an ele-r

men t of surface is the surface differen tial at that
po in t .
T he practi ca l un i t of magnetic intensity i s

or C . G . S. lines per square cen

t imetre .

In prac tice , excluding the earth
’
s field , intensi

ties range from 100 to C . G . S . lines per
square cen time tre , and the working un i t should ,
perhaps , have the prefix mill i or micro .

Intensi ty , M agnet ic, Pol e of The

earth'

s magnetic poles as determined by

means of the osc il la tions of a magnetic
need‘e .
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lyte are decomposed by electrolys is . (See
E lectroly s i s.)
T he electron egative ions are called the an ions ,

becaus e they appear a t the anode of a decompo

s i tiou cel l . (SeeAnions . Anoa’e . )

Ions, El ectro-Posi t i ve —The pos
..

i tive a toms , or groups of a toms , cal led rad

ical s , in to which the molecules of an electro
l yte are decomposed by electrolys is . (See
E lectr oly s i s .)
The electro-positive ions are ca l led the k a th ions ,

because they ’

appear at the ka thode of a decom

position cel l . (See Ka th ion .

Iron-Cl ad El ectro-M agnet.
-(See M ag

n et, E lectr o, I r on C

Iron-Cl ad M agnet—(See M ag net , I r on

Iron Core, Effect of, on the M agnet ic

Strength of a Hol l ow Coi l ofWi re
An increase in the number of l ines of mag

n et ic force, beyond those produced by the
curren t i tsel f, due to the open ing out of the

c losed magnetic c ircuits in the a toms or

molecules of the iron .

T he atoms or molecu les of the iron posses s
natural ly c losed magnetic c ircuits , or c losed lines
of magnetic force, ly ing entirely w ithin the mass
of the iron . When the iron i s placed in a magnetic
field , these minute closed ci rcui ts Open out and

a re added to the l ines of force produced by the
c ircui t i tself. The Open ing ou t o f these c losed
a tomic o r molecular l ines ofmagnetic force i s a t
t ended by the formation oi li nes of polarized
molecules or a toms .

Roughly speaking, according to Lodge, for
each single l ine ofmagnetic force produced by the
e lectric curren t, there are some l ines of

magnetic force added to i t from the iron
,
th e ex

act number varying w ith the k ind of iron , the

physical condition of the iron and the degree of

magnetization .

Iron , Gal vanized —Iron covered by
a layer of z inc by dipp ing it in a ba th of

mol ten zinc.

The process of ga lvan i zing iron i s designed to
preven t the corros ion or ru s ting o f th e iron on

e xposure to th e air . (Seefli eta l s , E l ectr i ca l Pr o

t ect ion of . )
T he word galvan ized probably had i ts origin in

an assumed ga lvan ic or volta ic action , in causing
the z inc to adhere to the iron . T he true ga lvanic
or vol ta ic action , viz . , the ga lvan ic protection,
c omes after the galvan izing process i s completed.

I ron-Work Faul t of Dynam0.
—(See

F a ul t , I r on Wore, of Dy namo.)

Irrevers ibl e Heat—(SeeH ea t , I r rev ers i

Irr i tabi l i ty , El ectr i c —Irri tab il i ty
of nervous or muscu lar t is sue by an electric
d ischarge.

Irr i tabi l i ty, El ectr ic, Dimin i shed
Adecreased irritabil ity of nervous or museu

l ar tissue, produced by an elec tric curren t of

g iven s trength .

D imin ished electr ic i rr i tability is often present
i n certa in diseases o f the mo tor appara tus .

Irr i tabi l i ty , El ectr i c, Increased
An irritabil ity of nervous or mus cular t is sue
produced by a much weaker elec tric curren t
than tha t required to produce it in normal

t issue.

Irr i tabi l i ty, Faradic —M uscular

contract ions produced by the ac t ion of a

farad ic curren t on a nerve .

T he action of the faradic cur ren t i s to cause a

prolonged ton ic contraction , which con tinues
while the curren t con tinues . Though the natura l
ac tion is to produce a con traction ,

follow ed by a
relaxation on each make and break , y et themakes
and breaks follow one another so rapidly tha t the
relaxation has not time to occur before the n ext
con traction follows .

Irr i tabi l i ty, Gal van ic —M us cular

contractions produced by the ac t ion of a ga l

van io current .

T he action of a galvani c curren t i s to cause a

s ingle, qu ick , momentary con trac tion of a mu sc le
on each starting or completion of the cir cu it.
T he con trac tion s are stronger in the case of

galvanic curren ts when the directi on of the cur

ren t is reversed w i th a commuta tor instead of by
an actual break a t t he poles . Such a break i s
cal led a vol ta ic a l terna tive , and the currents so pro
ducc i vol ta i c a l terna t ives . (See Al terna t ives ,
Volta ic. )

Isobaric Linea—(See L i nes , I sooa r i c .)

Isobara—Lines connect ing places on the
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earth’

s surface w hich have the same barome¢

tric pressure.

The isobaric l ines are genera l ly corrected for
differences of eleva tion of the surface .

Isobars are often ca lled isobar ic l ines .

As tudy of the isoba ric lines , or isobars , i s o f

great assistance i n mak ing forecas ts or predic tion s
of coming changes in the weather.

Isochasmen Curves—(See Cur v es , I so

c/za smen .)

Isochron i sm.
—Equal ity of t ime of vibra

tion or motion .

Isochroni ze.
—T o produce equal ity of

time of vibrat ion or mot ion .
—(See [ soc/t r on

i sm.)
Isochron i z i ng .

—Produc ing
time of v ibra t ion or mot ion.

i sm.)
Isochronous Vi brat ions or O sci l l at ions.

—(See Vior a t i ons or O sc i l la t i ons , I soc/zr on

equal ity of

(See [ soc/t r on

Isocl in i c Chart—(See C/za r t , I ncl i na

t i on .)
Isocl in ic Lines .

-(See L i nes , I soc l i n i c .)

Isodynami c Chart—(See C/za r t , I soa
’

y
.nami c .)

J .
—Acontractiori proposed for joule.

J abl ochkoif Candl e.
— (See Ca na

’
le, jao

Jacketed M agnet—(See M ag n et , ja ck

Jacobi ’s LaW.
—(See Law ,]a cooz s .)

J ar , El ectric —A name formerly
gi ven to the Leyden jar.

J ar , Leyden —A condenser in the

form of a jar, in w h ich the meta l l ic coa tings
a re p laced oppos ite each other on the ou ts ide
and the ins ide of the jar respectively.

T he meta l coatings should not extend to more

than two-thirds of the height of the ja r , the rest
o f the glass being varn ished to avoid the creeping
of the charges over the glass in damp w eather .

The ins ide coating i s connected by means of a

295 [J ar.

I sodynami c Linea—(See L i nes
,
I soa

'

y
n ami c .)

Isodynamic M an
—(See Cna r t , I soa

'

y

nami c.)

Iso-El ectr ic Poi nts—(See Poi n ts , I so

I sogonal .—Perta in ing to the i5 0gon ic l ines .

Isogonal Lines. —(See L i nes , I sog ona l .)
Isogonal M ap or Chart - (See M ap or

Cna r t , I sog ona l .)

Isogoni c.
—Pertaining to the isogona l l ines .

Isogon ic Chart—(See Cna r t , I sog on i c .)

I sogon ic Lines—(See L i nes , I sog on i c.)

Isogonic M an
—(See M ap , I sog on i c.)

Isol ated El ectr i c Lighting - (See n lzt

i ng , Electr i c, I sola ted .)
Isol atine.

—Akind of insulating material .

Isothermal Sur faces—(See Surf aces , I so
t/zerma l .)
I sotropi c Conductor.

—(See Conductor ,

I sotrop i c .)

Isotropic M edium.
—(See M edi um, I so

t r op i c .)

metall ic cha in to a knob on the top of the jar, as
shown in Fig. 3 1 3 . T he conductor supporting
the knob passes through a dry cork or plug of

some insula ting materia l.
T o charge the jar , the outs ide coa ting i s con

nected w ith the earth , as
by holding i t in the hand,
and the outside coating
i s connected w i th the

conductor o f a machine .

(See Conden ser . Accu
mul ator .

T he inner coating of

the jar i s usual ly con

nected w i th the knob by
means of a cha in or w ire Ezy . 3 1 3 ° Ley den fi r .

as shown above. This necessi tates a support for
the ba l l and s tem, w hich i s genera l ly obta ined by
a cork or wooden plug inserted in . the mouth of
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th e jar . Such a form, however , i s extremel y ob

jectionable, s ince, a lthough the top of the jar be

covered w i th shel lac varn ish to avo id leakage, i t
affords but a poor insul a tion in damp w ea ther , be
cause both themetalli c rod supporting the ba ll and

Fig . 3 1 4. Sir Wi l l iam n omson’
s Ley den 7a r .

the damp wood or cork are in connection w i th the
g lass and thus facili tate leakage.

T o overcome these objections a form of jar has
been devised by SirWilliam Thomson , in which the
knob is supported on three feet, which rest on the
inner coa ting. In this form the uncoated glass
can be readily kept dry and c lean . This form i s
shown i n Fig . 3 14 .

Alayer of sulphuric ac id i s sometimes employed
for the inner coa t ing of the Leyden ja r . This
serves the double purpose of acting a s a coa ting
and an absorber of mois ture dur ing damp
w eather .

J ar , Leyden , Capac i ty of —T he
quan ti ty of elec trici ty a Leyden jar w i ll hol d
at a given d ifference of poten t ia l .
T he capa ci ty of a jar i s equa l to the quan ti ty

of electr ic ity divided by the difference of po ten ti a l
such quan tity produces in the jar ; or the capac i ty

: 9
, where Q the quan tity , and V , the differ

V

ence of poten tia l .

J ar, Leyden , Coat ings of —(See
Coa t i ng s of L ey den ja r .)

J ar , Lightn ing —A Leyden jar, the
coa tings of w hich cons is t of meta l l ic fi l ings .

As the discharge passes , an irregular series o f

sparks appear , which somewha t resemble in their
shape a l ightn ing flash . Hence the origin of th e

term.

J ar of Secondary Cel l . -T he con ta ining

296

—A porous cell .

[Jet.

(See .

vessel in w h ich the p la tes of a s ing le secondary
cel l are p laced .

J ar, Porous

Cel l , Por ous .)
J ar , Scint i l l at ing —ALeyden jar,

the coa tings ofw h ich , ins tead of being formed
of continuous s heets of t in-foil or other con
ducting substances , a re formed of smal l p ieces .

of such sub s tances , p laced a t regular in terva ls
on the g las s or d ielec tric so as to leave a smal l .

s pace between them.

Such a jar has received the name of scin till at

ing jar, because w hen d ischarged by connecting
i ts two opposite coa tings the discharge appears as
m inute sparks, whi-h jump across the space
between the metall ic pieces .

J ar , Un i t —Asma ll Leyden jar some
t imes employed tomeasure approx imately the .

quant ity of elec tric i ty pas sed into a Leyden
battery or condenser.
As sh -w n in Fig. 3 1 5 , the un it jar consis ts of a.

smal l Leyden jar j , whose outer coating i s con

n ected w i th a sl id ing meta ll ic
rod b , provided a t each end

w i th a rounded knob , and the
inner coa t ing of which i s con
nected w i th a m eta llic knob c ,
placed as shown

,
inside a

glass jar d , opposi te a ba ll on
the lower end of b .

When , now , the ins ide of

the unit jar , or the end con

nected w ith c , i s connected
w ith the charging source, such
as a machine, and the outside
at a , is connected w ith the jar
or jars to be charged , for
every spark tha t passes be
tween d and c , a defini te quan tity has passed a .

T he va lue of this un it charge may be varied by
varying the dis tance between (1 and c.

T he sma ller the un it jar is in proportion to the

jar to be charged , a nd the shorter the d istance
between c and d , the more reliable are the com

parative resul ts obta ined.

Jars , Leyden , Charg i ng, by Cascade
—(See Ca scade, Cna rg i ng Leyden ja r s oy .)
J et , Gas, Carcel Standard -A

l ighted gas jet emp loyed for determin ing the
candle-power of gas by measuring the height
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elevation at the joint is no greater than elsewhere,
the lap join t i s preferable to the butt join t.

Joint, Expansion Ajoin t forunder
ground conductors , tubes or p ipes , exposed
to considerable changes of tempera ture, in
wh ich a sl id ing joint is provided to safely
permit a change of length on expans ion or

contraction .

Joi nt , Insul at ion —Ajoin t in an insu

lating ma teria l or covering in w hich a conti
unity i s insured in the conducting as wel l as

the insula ting subs tance.

Joint, Lap —Ajoint efi ected by over
lapping short port ions near the ends of the
things to be joined, and securing them w h ile
in such pos ition .

Joint, Lap, for Wi res —A joint
effected between two w ires by overlapp ing
their ends and subsequen tly soldering .

Joi nt , ll[ agnet ic —T he l ine of junc
t ion between two separa te parts of magnetiza
ble materal .

M agnetic join ts should be of such a nature a s

to permit the passage of the l ines of magneti c
force w i th the least increase in the resis tance of

themagnetic c ircui t.
M agnetic join ts in the fieldmagnets ofa dynamo

electric machine should be as few as possible , s ince
the resistance of the bes t magnetic join t to the

passage of the lines of force is necessar ily grea ter
than tha t of the same mater ia l w ithout such
joints .

Joi nt , M etal l ic Conduct ing —Ajoint
in a conductor in w hich a con t inu ity of con
duct ing power is secured .

Joi nt Resi stance of Paral l el Ci rcui ts .

(See Res i sta nce, joi nt , of Pa r a l lel Ci r cu i ts .)

Joi n t, Sl eeve -A junct ion of the

ends of conducting w ires obta ined by pas s ing
them through tubes and then tw is t ing and

soldering.

All join ts should be soldered
,
but in so doing

care must be taken tha t the solder ing liqu id or

solid employed i s free from acids or other corro
sive ma ter ia ls , and tha t al l traces of the soldering
liqu id or sol id are removed from the w ire before
the joint i s covered w ith insulating ma ter ia l .
Ker i te

,
okoni te or other insula ting tape, shou ld
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Fig . 3 20. l ife/ntz
’

re
’
s Pa ra l lel Sleev e yoz

'

nt .

T he twisting is done by means of the specially
devised twis ting clamp shown in Fig. 321 .

Fig . 3 2 1 . Tw i stz
'

ng Cla mpf or M el ntz
'

r e
’
s Pa r a l lel yoi nt .

Joi nt , Tel egraph ic or Tel ephon ic
Ajunc ture of the ends of two electric con

ductors so a s to insure a permanen t junc
t ion whose res is tance sha l l not be appreci

ab ly greater per un i t of leng th than tha t of
the res t of the w ire .

preferably be wrapped around the joint after

i t i s soldered .

In making a join t in a gutta-percha covered
w ire , such as a submar ine cable, the follow ing
method may be employed : T he bared and

cleansed w ires are tw isted together and soldered .

T he soldered join t is then covered w i th a layer
of plastic insula ting material made of a mixture
of gutta -percha , tar and rosin . (See Clzatter ton

’
s

Compound . ) In order to insure a good junction
between thi s and the gutta-percha cover ing on the
res t of the w ire, the outer surface of the gutta
percha i s removed for about two inches from each
s ide of the join t, so as to remove its ox idized sur

face. After the coating i s put on , i t is warmed

gen tly by a warm joining tool , not by the flame
of a lamp . A sheet of warmed guttap percha is
then w rapped around the joint, and while i t and
the joint are s till hot, another coating of the

plastic insula ting material i s applied . Successive
layers of gutta-percha and some o ther insulating
material are general ly appl ied in the case of sub

mar ine cables . Cul ley . )

Joint, Tel egraph ic, M cInti re
’

s Paral lel

Sl eeve —Ajoin t for telegraphic or other
wires , in which the ends to be joined are

sl ipped into parallel s leeves or tubes , which
are afterward twisted around each other.

Ageneral view of the parallel sleeve joint, both
before and after twisting , i s shown in Fig. 320.
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In making a joint, care shoul d always be taken
to scrape the insula ting materia l from the w ires
and clean their surfaces before tw isting them to

gether.

Telegraph w ires were formerl y joined by the
ordinary bell-hangers’join t ; tha t i s , the w ires were
simply looped together . T he constan t vibra tions
to whi ch the w ires are subjected caused such a

joint to be abandoned and an improvemen t in tro
duced by bol ting the ends together , as shown in

Fig . 3 3 2. Teleg r aplzz
'

c 7oz
'

nt .

Joint , Testing of —Ascerta ining the

resis tance of the insulating ma teri a l around
a joint in a cable.

T he resistance of the insulating materia l of a
cable a t a join t i s necessar ily high , since the

join t forms but a sma ll par t o f length of the cable.

It shoul d not , however , be large a s compared w ith
an equal length of another par t of the cable w i th
a perfect core .

Two methods for tes ting cable joints are gener
ally employed , viz

Aconductor is charged through the joints
for a given time, and the deflection obta ined by
i ts discharge compared w ith the discharge of the

same condenser charged for an equa l length of

time through a few fee t of perfec t cable.

Acharged conductor i s permitted to dis
ch arge i tsel f through the join t, and the amount
lost in a given time noted .

For description of differen t methods , see

Kempe’s Handbook of Elec trica l Tes ting.

Joul ad.
-Aterm proposed for the Joule.

K.
—A contraction for electros ta tic capa

c ity. (See Capa c i ty , Electr osta t i c.)
K. C. C.

—In elec tro-therapeut ics , a brief
method of w rit ing ka thodic c losure contrac

t ion , or the effec ts of muscula r contrac tion
observed a t the ka thode on the c losure of a

circuit.

K. I) . C. In elec tro-therapeut ics , a brief
method of wri ting ka thod ic dura tion con

Him.

This term is not genera lly adopted . (See

ergs .

. 73 732 foot-pounds .

1 vol t o coulomb .

. 24 ca lorie .

I smal l ca lorie .

I wa tt.

tract ion , or the effec ts of muscular contrae
t ion observed a t the ka thode a fter the curren t

has been pass ing for some t ime.

K. W.
—Acontrac t ion for kilo-wa t t .

Wa tt , K i lo.)
Kaol in. Avan

’

ety of white c lay s ome

t imes employed for insula t ing purpos es .

Jablochkoff sometimes employed kaolin be

tween the paral lel carbons of his electric candle

(See

Joul e.
—T he uni t of elec tric energy or

work.

The vol t-coulomb.

T he amoun t of electric work required to
ra ise the poten tia l of one coulomb of elec

tricity one vol t.
T he jou le may be regarded as a un i t of energy

or work in genera l , apar t from electri ca l work or

energy.

I joule .

1 joule
l joule
1 joule
joules

1 joule per second

T he Bri tish Association proposed to ca ll one
joule the work done by one wa tt in one second .

Joul e, as a Heat Un i t—T he quan t ity of
hea t developed by the passage of. a curren t
of one ampere through a res istance of one

ohm . (Seejoule.)

Joul e Effect—(See Ej ect , jou le.)

Joul e’s Cyl indr ical El ectro-M agnet

(See M ag n et , Electr a, jou le
'

s Cy l i ndr i ca l .)

Joul e’s Lam—(See Laws of jou le.)

Junction B ox .
—(See B ox , f unct ion .)

Jamp-Spark B urner. (See B urner ,

[ amp-Spa re.)

Junct ion , Thermo-El ectr ic.
—A junct ion

between any thermo-elec tric couple. (See

Cel l , T lzer rno-Electr i c.)
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for the purpose of insula tin g them from each
o ther . He a lso devised an electr ic lamp in which
a spark of con siderable differen ce of poten tia l,
obta ined from an ordinary induction co il, w as
c aused to ra ise a surface of kaol in to incan
d escence by passage over i t.

Kapp Li nes—(See L i nes , Kapp .)

Kartavert—Akind of insula ting materia l .

Katel ectrotonus .
—Aword sometimes used

ins tead of kathelectrotonus . (See Ka t/ze

l ectr otonus .)

Kathel ectrotoni c State. (See Sta te,

Ka t/zei ectr oton i c .)

Kathel ectroton ic Zone. (See Zone,

Ka t/zelectr oton i c.)

Kathel ectrotonus. In electro-therapeu
t ics , the condition of increased funct iona l ac
t iv ity tha t occurs in a nerve in the neighbor
hood oi the ka thode or nega tive elec trode.

(See Electrotonus .)
Kath ion .

—T he electro-pos itive ion , a tom
or rad ical into w hich the molecu le of an

electrolyte is decomposed by elec trolys is .

(See Electrolys i s . I ons .)
Ka t/ non is sometimes w r itten ca t/zion .

In electrolysis the ea t/tion ,
or the e lec tro-pos i

ti ve ion or radical , appears a t the ka thode or

e lectr o-nega tive electrode. Similarly , the a n ion ,

or the electro-nega tive ion or radica l , appear s at
the anode or the elec tro-posi tive electrode.

Kathodal .—Pertaining to the kathode.

(See Ka tnoa
'

e.)

Kathode.
—T he conductor or pla te of an

elec tro-decompos it ion cel l connec ted w ith the
nega tive terminal or electrode of a bat tery or

other source.

Theword kathode is sometimes applied to the

negative termina l of a battery or source , w hether
connected w i th a d :compos i tion cel l or not. I t

i s preferable, however , to restr ict i ts use to de

composition cells . (SeeAnode. )
Theword ka thode is sometimes w r itten cotbade.

Kathodi c.
—Perta in ing to the kathode.

(See Ka t/mete.)

Kathodic El ectro—Diagnost ic Reactions.
—(See React i ons , E l ectra-D i ag nos t ic .)
Keeper of M agnet—(See M ag net , Keeper

Ker i te.
—An insula t ing material .

Kerr Effect—(SeeEj ect , Ker r .)

Key B oard.
—(See B oa rd, Key .)

Key , Cap i l l ary Contact Aform of

fluid con tact in w hich the c ircui t is closed or
broken by means of a w ire w hich is d ipped
in to or removed from the surface of a mass

of mercury.

In order to avoid an increase in the resistance
of the c ircu i t, due to the forma tion of oxide of

mercury , the con ta ct surface of the mercury i s
kept covered w ith a layer of dilute a lcohol .

Key , Di scharge Akey emp loyed to
enab le the d ischarge from a condenser or

cable to be read ily pas sed through a galva
nometer for purposes of measurement .

Key , Di scharge, Kempe
’

s Adis
charge key cons tructed as Shown in Fig . 323 .

Fig . 3 23 . Kempe
’

s D i scha rg e Key .

T he solid lever , h inged a t one extremi ty
,
plays

between two con tacts connec ted to two terminals ,
and ha s two finger tri ggers at i ts fr ee end marked
D ischarge and “ Insulate, ” connected respec

tively to two eboni te books . Th e hook a ttached
to that ma rked D ischarge is a li ttle higher than
the other , so tha twhen the lever i s caught aga inst
i t, the key rests in an in termedia te pos ition be
tween the con tacts , and , when caught aga inst the
lower tr igger , i t rests aga inst the bottom con tact .
When in the las t pos ition

,
a depression of the

Insula te tri gger causes the lever to spring up
against the second hook , thus in sulat ing it from
e ither con tac t, and on the depress ion of the D is

charge trigger , the lever springs up agains t the
top con tac t.

Key , Di scharge, Webb
’
s A dis

charge key cons tructed a s shown in Fig . 324 .

A horizon ta l lever L
,
Fig . 324 , passing betw een

two con tacts and hinged at J , is pressed upward
by a spr ing . T he free end of th is lever termi
na tes in two steps , 1 and 2. Avertica l lever , pro
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quadruplex system by an increase in the

s trength of the current . (See Teleg r ap/zy ,

Quadr up lex .)

Key , M agneto-El ectr ic —A tele

graph key for send ing an elec tr ic impulse
into a l ine, so arranged tha t a co il of w ire on

an arma ture connected w ith the key lever is ,
by the movements of the key , moved toward
or from the poles of a permanent magnet, the
movements of the key thus p roducing the

currents sent in to the l ine.

Key , Pl ug —As imple form of key in

which a connec tion is read il y made or b roken
by the insertion of a plug of metal between
two meta ll ic pla tes tha t are thus introduced
into a C i rcuit .
Aform of plug key i s shown in Fig. 327.

Key , Revers ing —A key inserted in
the circuit of a galvanometer for obta ining
deflections of the needle on either s ide of the

galvanometer scale.

Aform of revers ing k ey i s shown in Fig . 328.

Th e galvanometer termina ls are connected to the
binding posts 2 and 3 , and the c ircu i t terminals
to the o ther two posts . O n depressing K, the

Fig . 3 28. Rever s i ng Key .

curren t flow s in one direction and on depress ing
K

'

, i t flow s i n the Oppos ite directi on . C lamps ,
opera ted by handles , are provided so as to close
either of the keys permanen tly , i f so des ired.

Key , Revers ing, of Quadrupl ex Tel e

graph ic System —Akey employed to

reverse the d irec tion of the current and so

opera te one of the d is tan t ins truments , in a

quadrup lex jsystem, by a change in the

d irection of the current. (See T eleg r ap/zy ,

Quadr up lex .)

Key , Short-Ci rcui t —A key which

in its normal condition short c ircuits the gal
vanometer .

Fzg . 3 3 0. Slzo r t . Ci r cu i t Key .

Key , Sl i d ing-Contact —T he key em
p loyed in the sl ide form of Wheats tone
bri dge, to make contact w ith the w ire over
w hich the s l id ing contact passes . (See
B r idg e, Electr i c, Sl i de Form of .)

Fig . 3 29. Shor t Ci r cu i t Key .

Such a shor t-circuit key i s provided for the

purpose of protecting the galvanometer from in
jury by large currents be ing acc identa lly passed
through i ts coil s . In the form show n in Fig . 329,

the spring S, res ts aga inst a pla tinum con tac t
but when depressed by the insulated head a t K,

i t res ts aga inst an ebon i te con tact, and throws
the ga lvanometer into the des ired c ircui t.
T he key i s provided w ith double binding posts

a t P and N, for conven ience of a ttachmen t to re

s istance co ils , ba tteries, etc .

In the form of a short-circui t key shown in Fig .

3 30, a ca tch i s provided for the purpose of keep
i ng the key down when once depressed. Its

arrangemen t w il l be readily understood from an

inspection of the figure.
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Key , Stationary Fl oor
—An electric

key or push button p laced on the floor so as

to be readi ly c losed by the foot.
This form of key i s espec ially su itable for use

in connection w i th an elec tri c be l l and annuncia
tor for readily call ing an a ttendan t. (SeeAnnnn

cia ter , El ectra-M agnet i c. )

Key , Tel egraph i c —T he key em

ployed for sending over the l ine the success ive
makes and breaks tha t produce the dots and
dashes of the M orse a lphabet , or the deflec
t ions of the needle of the need le telegra ph .

(See Teleg r ap/zy ,Amer i ca n Sy stem of .)

Ki ck—Arecoil .

Ki ck ing Coi l .—(See Coi l , K i ck ing .)
Ki lo (a s a prqfix ) .—O ne thousand t imes .

Ki l oampere.
—O ne thousand amperes .

Ki l oampere B al ance—(See B a lance,

Ki loamper e.)
Ki lodyne.

—O ne thousand dynes . (See

Dy ne.)

Ki l ogramme.
—O ne thousand grammes ,

or pounds avoirdupois . {SeeWezg/zts ,

Fr enc/z Sy stem of .)

K i lojoul e.
—O ne thousand joules .

Ki lometre—O ne thousand metres .

K i lowatt . —O ne thousand wat ts .

Ki l owatt Hour .
—(See Hour , K i lozoa tt .)

Kine—Aunit of velocity proposed by the
B ritish Associa tion .

Akine equals 1 centimetre per second .

Kinet ic Energy—(See Energy , Ki net i c .)
Ki netic Theory of M atter .

—(See M a tter ,

Ki net i c Tneory of .)
Kinet ics, El ectro —A term some

t imes appl ied to the phenomena of electric
currents , or elec tric ity in mot ion , a s dis t in

guished from electros ta tics , or the phenom
ena of elec tric charges , or electricity at res t .

Kinetograph .
—Adevice for the s imul tane

ous reproduction of a d is tant s tage and its

actors under c ircums tances such tha t the

actors can be heard at any dis tance from the

theatre.

T he sounds heard by the distan t audience are

actua l reproductions of those uttered dur ing the

303

performance, though not at the time of their
utterance. T he appearance of the s tage and i ts

actors represen ts the appearance of a previous
reproduc tion of the play or opera or other per
formance , a s taken by mea ns of a Kodak camera

w ith a fi lm cylinder and drop shu tter , opera ted
by an elec tr ic motor , expos ing , say , forty pla tes
a second . By mean s of a projec ting lan tern these
photographic pic tures are thrown on a cur ta in on

a stage a t the dis tan t thea tre in regular order of
sequence, while a loud-speaking phonograph
puts song and speech into the mouths of the

m imic ac tors and thus gives the phan tom stage
the semblance of l ife and rea l ity .

Ki te, Frankl in
’
s —A kite ra ised in

Ph iladelphia , Pa ., in June, 1 752, by mea ns of

which Frankl in experimen tal ly demons tra ted
the identi ty between l ightning and elec tric ity,
and wh ich , therefore, led tothe inven tion of

the l ightn ing rod.

It is true tha t Dal ibard
,
on the 16th of M ay ,

1 752, prior to Franklin
’

s experimen t, succeeded
i n drawing sparks from a ta ll iron pole he had
erected in France. This experimen t was , how
ever , tried a t the sugges tion of Franklin , to whom
i t must properly be ascribed .

A description of this kite i s given by Franklin
in the follow ing letter

Le tter XI, from BEN]. FRANKLIN , Esq .
,
of Phi l

adelphia, to PET ER C OLLINSON , Esq ,

F. R. S. , London .

O CT . 19, mp .

As frequen tmen tion i s made in public papers,
from Europe

,
of the success of the Philadelphia

exper imen t for draw ing the elec tric fi re from
c louds by means of po inted rods of iron erected
on high buildings , etc . , i t may be agreeable to
the curious to be in formed tha t the same ex per i

men t has succeeded in Philadelphia
,
though

made in a d ifierent and more easy manner , which
i s as fol low s

M ake a small cross of two l ight s tr ips of cedar,
the arms so long as to reach to the four corners of a
large thin handkerchief when extended ; t ie the

corners of the handkerchief to the extremi ties of
the cross, so y ou have the body of a kite, which ,
being properly accommoda ted w i th a ta il , loop
and str ing , w il l rise in the a ir l ike those made o f

paper, but this , be ing of s ilk
, i s fi tter to bear the

wet and w ind of a thunder gu s t w ithou t tearing .

T o the top of the upright s tick of the cross is to
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be fix ed a v ery sharp pointed wire rising a foot
or more above the wood. T o the end of the

tw ine, next the hand , is to be tied a s ilk r ibbon ,

and. where the s i lk and tw ine join , a key may be

fas tened . Thi s kite i s to be raised w hen a thun
der gus t appears to be coming on , and the per

son who holds the string mus t s tand w i ;h in a

door or w indow
, or under some cov cr , so tha t

the s ilk r ibbon may not be w e t, and care must be
taken tha t the tw ine does not touch the frame of
the .door or w indow . As soon a s any of the

thunder c louds come over the kite the po in ted
w ire w ill dr aw the electric fire from them, and

the ki te, w i th al l the tw in e, w ill be e lec trified ,
and the loose fi lamen ts of the tw in e w il l stan d
out every way , and be a ttracted by an approach
ing fin ger . And when the ra in has w et the kite
and twi ne so tha t i t can conduct the electr ic fire
freely , you w ill find i t s tream out plen tifully from
the key on the approach of your knuckle. At
this key the phi al may be charged , and from
elec tr ic fire thus obta ined spir i ts may be kindled ,
and all the other electr ic exper imen ts be per

formed , which are usual ly done by the help of a

L.
—A con trac tion for co-effi c ien t of in

ductance. (See I nductance, Co-efi ci en t qf .)

L.
—Acon traction for length .

Labi l e Gal van i zat ion .
-(See Ga lv a n i z a

t ion , La bi le.)

Lag , Angl e of —T he angle through
w hich the ax is of magnetism of the a rma ture
of a dynamo-e lec tri c mach ine is s hifted by
reason of the res is tance its core offers to sud

den reversa ls of magnetiza tion .

An arma ture of a bi polar dynamo-electric ma

chine has i ts ma gnetism r eversed twice in every
rotation . T he iron of the core resis ts these mag

n etic reversa ls. T he resul t of this resis tan ce i s to
shi ft the ax is of magnetism in the di rec tion of ro

tation. T he angle through w hich the axis has
thereby been shifted i s called the a ngle of lag .

The term , angle of lag, i s sometimes incorrectl y
appli ed so as to include a s imilar resul t p roduced
by the magnetiza tion due to the arma ture curren t
i tsel f. It is this la tter action whi ch, in arma tures
wi th soft iron cores , i s the main cause of the angle

rubbed glass g lobe o r tube, and thereby the

sameness o f the e lec tr ic ma tter w i th tha t of light
n ing completely demon s tra ted

B . FRANKLIN.

”

Kn i fe B reak Swi tch—(See Sw i tcn, Kn ife

Knot or Nauti cal M i l e—A lengt h equa l
to feet .
T he Engl ish s ta tute m ile i s equa l to feet .

T he va lue of th e n au tica l m ile is therefore in excess
of tha t of the sta tute mile.

Koh l rausch’s Law. (See Law of Kent

Kr iz i k’s B are—(See B a r s , Kr i z i le
’

s .)

Kyan ized .
—Sub jec ted to the kyan iz ing

process . (See Ky a n i z i ng .)

Kyan i z ing .
—A proces s employed for the

preserva tion of wooden telegraphic poles by
injecting a solution of corros ive sublima te
i n to the pores of the wood . (See Pole, Tele

The lead neces sary to g ive th e brushes o f a dy

namo-e lec tr ic ma ch in e to insure qu iet act ion ha s by

of lead . (See B r a s /t er , Lea a
’
of . Lead , Angle

Lag , Angl e of, of Curr ent -An
angle w hose tangent is equa l to the ra tio of

the inducti ve to the ohmic res is tance.

An angle, the tangen t of w hich is equa l to
the induct ive res is tance of the c ircuit, d ivided
by the ohmic res is tance of the c ircuit .
An angle, the co

-s ine of w h ich is equal to
the ohmic res is tance of the c ircuit , divided
by the impedance of the circuit.

Lag, M agnet ic Amagnetic viscos
i ty as man ifes ted by the s lugg ishn es s w ith
w hich a magnetiz ing force produces its mag

net iz ing effects in iron .

T he tendency of the iron core of a magnet,

or of the arma ture of a dy namo-e lec tric ma

c hine, to resist, and , therefore, retard mag
net iza t ion.

Thi s retarda tion , or l ag, i s ca l led th e magnet i c
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so gradua l ly as to produce no perceptible effect
on the s te adiness of the light.
Arc lamps are generally placed in ser i es ci rcui ts ,

tha t i s , in c ircu its in which the curren t passes suc
cessively through a l l the lamps in the c ircui t, and
r eturn s to the source. In order to avoid the break
ing o f the en tire c ircuit through the extingu ish
ing of a s ingle a rc, on the breaking of its c ir

cu it, an a utoma t i c s af ety dev i ce i s provided for
each lamp . This safety device con s is ts essen tially
of an electro-magnet so placed in a shun t c ircui t,
tha t, as the res istance of the arc becomes too
grea t, the increa sed curren t, which w ill then flow
through the coils of th e e lectro-mag net

, a t las t
produces a movemen t of i ts arma tu re which c loses
a short c ircu it around the lamp, and thus cu ts i t
out of the c ircu it.
Arc la mps a ssume a g rea t var iety of forms . A

Well known form i s shown in Fig. 332.

Lamp, Arc, T ri pl e Carbon -An a rc

lamp in w h ich three carbon elec trodes a re

used .

T he positive carbon s consist o f two ordinary
cylindr ica l carbon s , placed para lle l to each other .

T he negative carbon i s shaped like the figure 8.

T he are is es tablished between one of the pos itive
ca rbons and the corresponding s ide of the nega

tive carbon . T he feeding of the lamp i s a ttended
by a shifting back and forth of the a re betw een
the positive carbons and from s ide to s ide of the

nega tive carbon s .

The des ign of the tr iple carbon arc lamp i s to
produce a lamp of long li fe.

Lamp B racket , El ectr i c

(See B r a cket , L amp ,

Lamp B ul b.
—(See B ulo,

Lamp .)

Lamp , Carcel —An
oil lamp employed in France
a s a photometric s tandard .

Fig. 333 show s a form of car

cel lamp . Like the s tandard
candle, the carcel is a s tandard
on ly w hen i t consumes a g iven
w eight. of the l ight-producing
substance in a given time.

Lamp , Chamber of

The glas s bulb or chamber of
an incandesc ing elec tric lamp
in which the incandesc ing con ductor is

Fig . 3 3 3 .

Ca r cel La m) .

placed , and in w hich is ma inta ined a h igh
va cuum.

T he tran sparen cy of the lamp chamber and

consequen tly the effi c ien cy of the lamp may de

crease

I From the se ttl ing of dus t or dir t on i ts outer
w a lls .

From the depos it of carbon or meta l on i ts
inner w a lls.
T o obviate the firs t cause of dimin ished trans

parency the outs ide of the lamp chamber should
be frequen tly c lean sed . T he dimin ished trans
paren cy , due to the second c au se , canno t be
removed . When i t has reached a certain po in t, i t
i s more economica l to replace the old lamp by a

new lamp .

In a properly made lamp the dimming of the

l amp
‘

chamber i s not ap t to occur un less a s tronger
curren t than the norma l cur ren t is passed through
the lamp .

Lamp Cl amp.
— (See Cl amp f or Ar e

Lamps .)

Lamp, Contact —A form of s emi

incandescen t e lec tric lamp in w h ich a carbon
penc il is pres sed aga in s t a s lab of carbon or

other refrac tory ma terial .
T he source of light in an electr ic con tac t lamp

i s twofold , v iz
Aminute are formed a t the points of im

per fect Con tact .
T he incandescen ce o f th e c arbon penci l,

and the poin ts of the s lab of carbon aga in s t w lnch
i t i s pressed.

Lamp Con tacts. —(See Con ta cts , Lamfi .)
Lamp , El ectr i c, Ar c, Carbon El ec

trodes for —(See E lectr odes , Ca roon ,

f or Ar c Lamps .)
Lamp , El ectr ic,Arc, Di fferenti al
An arc lamp in w hich the movemen ts of

the carbons are con trol led by the different ia l
act ion of two magnets O pposed to each other,
one of whose coils is in the d irec t and the

other in a shunt c ircuit around the carbons .

Sometimes the diff eren tia l coils are placed on

the same magnet core.

Lamp, El ectr ic , Arc, Doubl eCarbon
—An electric a rc lamp prov ided w i th two

pa irs of ca rbon elec trodes , so a rranged tha t
w hen one pa ir is consumed , the c ircui t is auto
mat ical ly comp leted through the o ther pa ir.
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Lamp, El ectr i c Gl ow —Aterm em

p loyed ma inly in Europe for an incandescen t
.e lectric lamp . (See Lamp , Electr i c , I nca n

Lamp, El ectr i c, Incandescent -An
e lectric lamp in w hich the l ight is produced
by the e lec tric incandescence of a s trip or

fi lament of some refractory subs tance, gener
al ly carbon .

T he carbon strip or fi lamen t i s usua lly ben t in to
the form of a horseshoe or loop , and placed in s ide
a glass vessel ca lled the lamp chamber. T he

lamp chamber is exhaus ted by means of a mercury

pump , genera lly to a fa ir ly high vacuum.

In order to in sure the complete removal from
the lamp chamber of a ll the a ir i t or iginally con .

t a ined , the carbon s tr ips tha t are placed w i th in i t
.are ma inta ined at a high tempera ture dur ing the
p rocess of exhaustion . This temperature . in

p ractice, i s obta ined by sending the curren t
through the carbon strip a s soon as near ly a l l

the a ir i s removed. Tow ards the end of the

p umping opera tion the curren t i s increased so

.a s to ra ise the carbon s to their full br i l
.l iancy .

T he lamp chamber i s al so ma in ta ined at a

-fa
’

rly high tempera ture.

T o insure this hea ting of the walls of the lamp
c hamber by the in candescen t carbon s dur ing
p umping, for the purpose of dr iving o ff a ll the

a i r adher ing to the w a lls of the chamber , they are

s ometimes covered w i th some readily removable
p reparation of l amp black .

T he opera tion of dr iving off the gases absorbed
b y the carbon s i s termed the occl uded ga sprocess ,
.and i s essen tial to the successful sea l ing of an

.incandescen t lamp . By its means, a considerable
quan tity of ai r or other gaseous subs tances shu t
-
up or occluded by the carbon i s dr iven out of the

c arbon
,
wh ich i t would be impossible to get rid of

by themere opera tion of pumping. In order to
insure the success of the opera tion ,

i t i s neces sary
t ha t the hea ting mus t take place while the lamp
. i s being exhausted , s ince otherw ise th e expelled

g ases would be re-absorbed. (See Gas , O cclu

s ion of . )
Both the exhaustion and the incandescence con .

tinne up to the momen t the lamp chamber 18

hermetical ly sea led ; otherwise, some of the a ir

m ight rema in in the lamp chamber.

T he lamp chamber i s hermetically sea led ,

u sually by the fusion of the glass in the ma nner

[Lam.

adopted in the sea l ing of Ge issler tubes or

C rookes’ radiometers .

For the prepa ra tion of the c arbon s trip , i ts
carbon iza tion and the flashing of the s tr ip

,
see

Ca roon i z a t ion , Processes of . Ca r tons
, Fl a s lzing

Pr ocess f or .

T he ends of the carbon s trip ,
or fi lamen t, a re a tta ched to l ea d
i ng-in w i res of pla tinum tha t pass
through the g lass wa lls of the

lamp chamber , and a re fused
there in by melting the gla ss
around them in th e same manner

as are the leadin g-in w ires of the

Geissler tubes and o ther similar
appara tu s.
Incandescen t lamps are gener

a lly connected to the leads or c ir Fig . 3 3 4 . Inca n

cu its in mul tiple-arc or in mu l ti . 4 3 5 6 6” Elect"?

ple
-series . They are, however , La mp .

sometimes connected to the l ine in series .

Ci r cu i ts , Va r iet i es of . )
In the case of mul tiple-arc or mu ltiple-ser ies

connection , the res is tance of the fi lamen t i s com
p aratively high . In the case of ser ies-connec
tion the resistance i s compara tively low.

Incandescen t e lectr ic lamps assume a variety o f

difi
‘

erent forms . In a l l cases, however, the shape
of the fi lament i s such
tha t the leading -in
w ires tha t carry the

curren t to and from
the fi lament shal l en
ter and leave the lamp
chamber at po in ts tha t
a r e comparatively
near together . This
i s for the purpose of

a voiding the unneces

s a ry produc tion of

shadows.
Commercial incan

descent elec tr ic lamps
are genera lly marked
w ith the poten tia l dif
ference in vol ts that
mus t be applied a t the
termina ls in order to
furn ish the curren t
neces sary to proper ly
opera te them. If this
poten tial difference i s
made greater , the can .

(See
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dl e-power of the lamp i s greatl y increased , but i ts
fife greatly decreased.

T he lamp chamber i s more l iable in such cases
b become less tran sparen t from the depos i t of a
fhin layer of carbon or meta l on i ts inner surfaces .

In the Swan lamp the fi lamen t i s made of cot
ton thread . These threads are immersed in a

mixture of two par ts of sul phur ic acid and one of

wa ter , which converts the cellu lose of the thread
in to a r tific ial parchmen t. T he fi lamen ts are rap
idly w ashed as soon as they a re removed from the

sul phur ic a c id un til al l traces of the acid a re re

moved . They are then passed through discs so
as to insure a un iform area of cross-section ,

and

are then w rapped on rods of carbon or ear then
ware of the requ ired outline, packed in a cruc ible
fil led w ith powdered charcoal , and carbon ized .

T he form generally g iven to the Swan fi lamen t
i s tha t shown in Fig. 335 .

Lamp , El ectr ic, Incandescent B al l
-An incandescen t elec tric lamp in w hich
the l ight is produced by a s phere or ba l l of

carbon placed in an exhaus ted receiver of

g lass .

When subjected to the effects of electrosta tic
w aves of high frequen cy of a l terna tion

, such a

lamp becomes lum inous
from the in candescence of

the carbon ba l l or sphere .

Tesla ’s incandescen t ba l l
e lectr ic lamp i s a mod ifi ca

tion of hi s s trai ght fi lamen t
lamp. (See Lamp ,

Incan

des cen t
,
Str a zlg/l tFi l amen t . )

T he con struction of T es

la ’s ba ll incandescen t elec
tr ic lamp w i ll be readily
understood from an inspec

tion of Fig. 336.

Lamp , El ectr ic, In . 13222 3 3 6 . Tes la
'

s l n

candescen t , Hal f-Shades
“ "de‘m

jaij
l l Elm”?

for —(See H a lf
1"

S/ta a
’
es f or I nca ndescent Lamps .)

Lamp , El ectr ic, Incandescent , Li fe of

-T he number of hours tha t an incan

descen t elec tric lamp , w hen t raversed by the
norma l curren t, w il l continue to a fford a good
commerc ia l l ight.
T he fa i lure o f an e lectr i c i ncandescen t lamp .

resu l ts e ither trom th e vola ti li za tion or ruptu re
of the carbon conductor , or from the fai lure of the

[Lam.

vacuum of the lamp chamber . Since the em

ploymen t of the flashi ng process , and the process
for removing the occ luded gases, i t i s not unusual
for incandescen t lamps to have a l ife of severa l
thousand hour s. (See Carbons , Fl ash ing Pro f

ces s f or . )
T he l ife of an incandescen t e lectric lamp shoul d

n ot be considered as con tinu ing un ti l the fi lament
actua lly breaks . As soon a s the lamp chamber
has become covered w i th such a depos it of car
bon or coa ting of meta l a s to cons iderably de
crease the amoun t of l ight which passes through
the chamber, the lamp shou ld be considered as

useless.

Lamp, El ectr ic, Safety —An in

candescen t electric lamp , w i th thoroughly
insula ted leads , employed in mines , or other '

s imilar places , w here the exp los ive effec ts of
readil y ign i table subs tances a re to be feared ,

Such lamps are often d irec tly a ttached to a

portable ba ttery , i n which case they can be read
i ly carr i ed abou t from place to place.

Lamp , El ectr i c , Semi-Incandescen t
-An electric lam p in w hich the l igh t i s due

to the combined effects of a volta ic a rc and

electric incandescence.

In the Reyn ier sem i-i ncandescen t la n p , showrr

in Fig . 337, a th in pC Il C l l of carbon C
, i s gen tlyr

pressed against a block of graph i te B . Ala tera l
con ta c t i s provided at L , through a block of

g raphite I, by means of whi ch the curren t i s con

Lamp, El ectr i c, Incandescent, Three

Fi l ament, for M ul t i-Phase Ci rcui ts
—An incandescent lamp for use on multi

phase c ircu its , provided w i th three lead ing-ia .

w ires , connec ted to the free ends of three
fi lamen ts , the other ends of wh ich a re com»

nected in a common joint .
W hen properly ac ti ng, the cur ren t passing

through ea ch fi lamen t shou ld , a t an y in s tan t
,

equa l the sum of the cur ren ts in the other two

fi lamen ts , which , a s i s w el l known
,
i s the proper ty

of any thr ee -pha se c ircui t.

Lamp , E lectr i c , Outr igger for

(See O zttr zgg er f or E lectr i c L amp .)

Lamp, El ectr ic, Pendant An in

candescen t elec tric lamp suspended by flex ible
tw in-w ire.
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ings s and m ,
form the plates of a condenser .

T he o ther termina l of the ma chine may be con

n ec ted to the meta l coa ted w al ls of the room,

o r to metal l ic pla tes suspended from the ceil ing .

Lamp Indi cator .
—(See Ina

’
i ca tor , Lamp .)

Lamp , Pi l ot —In sys tems for the

o pera tion of elec tric lamps , an incand es cen t
lamp ‘

employed in a s ta t ion to indica te the

difference of poten t ia l at the dynamo ter

mina ls , bymean s of the in tens ity of its emitted
l ight .

Lamp Rod—(See Roa
’

, L amp .)

Lamp Sock et Swi tch .
— (See Sw z

’

tcn,

L amp Socket .)

Lamps, B ank of —A term a pp l ied
t o a number of lamps , equa l to about ha lf

'

the

l oa d , th a t w ere formerly p laced in view of the

a ttendan t in c ircu i t w ith a dynam o tha t is to
be placed in a para l lel c ircui t wi th another
dynamo, one of the lamps of w hich is a lso

in view .

When the lamps “ in bank w ere judged to be
of the same br illiancy as the one fed by the other
d ynamo, the a ttendan t sw itched the dynamo par
a lle l w ith the o ther, and a t the same time cut oil

the bank of lamps from the sw itched in dynamo.

T he method i s , however , w rong. T he proper
w ay i s to make the voltage of the dynamo equal
to tha t of the c ircui t. Then connec t i t and

fi na lly ra ise its electromotive force until i t takes
i ts share of the load.

Lamps, Carbon ing —Placing c arbons
i n elec tric arc lamps .

When the carbons are con sumed
,
the lamp

r equ ires recarbon ing. T he ol d carbon ends a re

r eplaced by new ca rbons , and the lamp rods
c lean sed.

Large Cal or i e.
—(See Ca lor i e, Gr ea t .)

Latent El ectr i c i ty.
—(See E lectr i ci ty ,

L a tent .)

Lateral Di scharge.
—(See D i sc/l a rg e,

L a ter a l .)

Lateral Induct ion .
—(See I nduct i on , L a t

er a l .)

Lateral Leak age of Li nes of M agnet i c

Force.
—(See Leakag e, L a ter a l , of L i nes of

Lateral M agnet ic Leak age — (See Leak

ag e, La tera l , of L i nes of M ag net i c For ce.)

Lati tude, M agneti c —T he dis tance
a p lace is s itua ted north or south of themag
net ic equa tor .

All places tha t have the samemagnetic la ti tude
have the same value for the magn etic inc lination
and magnetic in tensity , or a re on the same i socli

na l and isodynamic lines . T he magnetic la titude
i s the same at all poin ts of a magnetic para llel .

Launch , El ectr i c —Aboat , the mo
t ive pow er for w h ich is elec tric ity, suitable for
l aunching from a ship .

Up to the presen t time electr ic launches have
been propelled by means of electricmotors , dr iven
by mean s of pow erful storage ba tter ies .

Aform of elec tr ic laun ch cons tructed for the
Engl ish Governmen t i s shown in Fig. 340. It is

1713 3 4 0. Electr ic La unch .

48} feet in length over al l , by 8 feet 9 inches
beam , w i th an average draft of 2 feet 3 inches .

Its speed i s 8knots per hour. I t w ill carry forty
ful ly equipped soldiers.

Law, Jacobi
’
s —T hemaximum work

done by a motor is reached w hen the coun ter
electromotive force is equal to one-half of the
impres sed electromotive force , or,

Law, J oul e
'

s —T he hea ting power of
a curren t is proportiona l to the product of
the res is tance and the s quare of the current
s trength , (See H ea t , Electr i c.)

Law, Natura l —Acorrec t e xpress ion
of the order in w hich the causes and effects
of na tural phenomena fol low one another.

T he law of gravita tion , for example, correctly
expresses the order of sequence of the phenomen a
w hich resu lt w hen unsupported bodies fal l to the
earth . It shou ld be careful ly borne in mind , how
ever, tha t n a tura l laws cannot be regarded ‘

as

expla in ing the u l t ima te caus es of na tur a l p /zeno v



mena ,
but merely express the ir order of occur

rence or sequence.

We are ignoran t, for example , of the true cause
o f gravita tion and a re on ly acqua inted w ith i ts
eflects. This i s true of a ll u ltima te physica l
c auses , save for our bel ie f in the ir or igin in a

Divine w ill .

LaW of El ectro-Chemical Equ i val ence.

-(See Equi v a lence, E lectr o-C/zemi ca l , Law

Law of Kohl rausch . In elec trolyt ic con

duction , each a tom has a ra te of mot ion for
a g iven l iquid , w hich is independen t of the
elemen t w ith wh ich it may have been com

b ined.

In the follow ing table , the ra te of motion of

v ar ious kinds of a toms through near ly pure w a ter
for a difference o f poten tia l of on e vol t per l inear
c entimetre, i s g iven :

cen timetres per hour .

cen timetre

Li

I . .

N0
3

Law of Ohm, or Law of Curren t

Strength—T he strength of a con t inuous
curren t is directly proport iona l to the d iffer
ence of poten tial or elec tromotive force in the
c ircuit , and inversely proportiona l to the re

s istance of the c ircuit, i . e. , is equa l to the

quotient a ris ing from divid ing the electromo
t ive force by the res is tance.

Fig . 3 4 1 . Curr ent Streng th i n Ci r cu i t .

O hm’
s law i s expressed algebra ically thus

E; or , E= C R.

R

I f the electromotive force is g i ven in volts , a nd

the res istance 1 11 ohms , the formula w il l g ive the
curren t s trength directly in amperes .

E

r r
'

r

Tha t i s , the res istance of the en tire c ircu i t i s
equa l to the sum of the separa te res is tances o f i ts
differen t pa rts .

Since C

T he resis tance o f any elec tr ic c ircui t, as , for
example, tha t shown in Fig . 34 1 , cons ists o f three
parts , v iz

T he in terna l resistan ce of the sour ce
, r .

Tha t of the conduc ting w ir es or leads , r
and

Tha t of the e lectro-recepti ve , r
"

, energ ized
by the curren t . O hm’

s law applied to this ca se
wou ld be

then B C R,

E
and R

c
,

B ut, s ince a curr en t of one ampere i s equa l to
one cou lombper s econd

,
then , in order to deter

mine in cou lombs the quantity o f electr ic i ty pass
i ng in a g iven number of seconds , i t is on ly n eces
sary tomu l tiply the curren t by the time in seconds,
or Q C T

Hence , referr ing to the above equations
(3) and according to O hm

’

s l aw :

T he cur ren t in amperes i s equa l to the

e lectromotive force in f
oo/ts d ivided by the resist

ance in ohms .

T he electromotive force in v ol ts i s equa l to
the produc t of the curren t in amperes and the

res istance in ohms .

T he resistance in ohms i s equa l to the elec
tromoti ve force in vol ts divided by the cur rent in
amperes .

T he qua n t i ty of electric i ty in cou lomhs i s

equa l to the curren t in amperes mul tip lied by the
t ime in seconds .

Law of Vol ta, or Law for Contac t Ser i es.
-Alaw for the differences of e lec tric poten t ial

produced by the con tac t of diss imilar me tal s
or ot her subs tances .

The dij
'

cr ence of poten t i a l éctzoeen a ny two

meta l s i s equa l to the sum of the a
’
ij

’

er ences of

potent i a l between the i n terv en ing s ubs ta n ces i n

the con ta ct ser ies .

”

(See E l ectr i cia n Contact .

Ser i es , Conta ct . )

Law,
Pfliiger

’
s —A given trac t of

nerve i s s t imulated by the appearance of

kathe lectrotonus a nd the d isappea rance of a n

electrotonus ; not, however, by the d isap



pearance of kathelectrotonu s nor by the ap

pearance of anelectrotonus . a nd

Law, Poynt i ng
’
s —At any poin t in

a magnetic field , or a conduc tor conveying
current , the energy moves perpend icularly to
the plane con ta in ing the l ines of e lec t r ic force
or the l ines of magnetic force, and the amoun t
of energy cros s ing the un it of a rea of th is
p lane per second is equa l to the produc t of
the in ten s ities of the tw o forces mul tip l ied by
the s ine of the angle between th em, d ivided
by 4 7x.

IfE, represen ts the electric force of a smal l body
charged w i th pos itive e lectric ity

,
and H , the

magnet ic force or forces o f a Sma ller free un i t
nor th pol e , and , i f these forces a t any poin t in
the magn etic field are inc lined a t an a ngle , 6,
then e , the flow of energy per second a t this poin t,
in a dir ection p erpendicular to the planes of E and.

H i s
,

E H sin . 9

4 7x

There i s
,
therefore , a difference in the direction

of the flow of e lectr ic i ty and the flow of elec tr ic
energy . Electr ici ty may be conceived a s passing
through the conductor something like wa ter
through a. pipe , but e lectr ical energy does not

travel in this way . Electr ica l energy travels
through the surrounding die lec tr ic , w h ich i s

thereby s tra ined, and i t propagates this s train
from point to poin t until i t reaches the conductor
and i s there dissipated .

Law, Vol tametr i c —T he chemica l
act ion produced by elec trolys is in any elec

troly te is proport iona l to the amoun t of elec
tricity w hich passes through the electrolyte.

This i s called theVoltametric law ,
because any

v essel con ta ining an elec trolyte, and furn ished
w ith electrodes , so tha t electrolysis may take place
on the passage of the current, and i s provided
w ith means for measuring the amoun t of the
electrolys is which occurs, i s cal led a Voltameter .

(See Vol tameter . E lectr oly s i s . )

Laws, Ampere
’
s, or Laws of El ectro

Dynami cAttract ion and Repul s ion
Law s express ing the a ttrac t ions and repul

s ion s of elec tric c ircuits on one another or

on magnets .

T he laws for

This fol low s from O hm ’
s law ; for , since 0

Laws , Dub
’

s T he magnetism ex

c ited a t any transverse section of a magnet i s

nroport iona l to the square roo t of the d is tance
between the g iven sec t ion and the near end

of the magnet.
T he free magnetism a t any gi ven trans

verse section oi a magnet is proportiona l to
the d ifference betw een the square root of ha lf
the length of the magnet and the squa re root
o f the d is tance between the gi ven sec tion and

the nearest end.

”

Laws, Ki rchhofi
’
s

bra nched or shunted c ircui ts .

These law s may be expressed as follow s
In any number of conductors meeting a t a.

poin t, if cur ren ts flow ing to the po in t be con sidered .

a s and those flow ing aw ay from i t a s the

a lgebra ic sum o f the meeting c urren ts w ill be
zero .

This is the same thing a s saying a s much e lec
tr ici ty mus t flow aw ay from the poin t a s flow s to
ward it.

In any system of c losed c ircu its the a lge
bra ie sum of the produc ts of the curren ts in to the
res istances i s equa l to the e lec tromotive force in
the circuit.
In this case a l l curren ts flow ing i n a cer ta in

direc tion are taken as posi tive , and those flow ing
in the oppos i te direc tion a s nega tive. All e lec
tromotiv e forces tending to produce curren ts in
the direction of the pos itive curren t a re taken as

posn i ve , and those tending to produce currents in
the oppos ite direct ion , as nega tive.

E

R
the elec tromotive force E CR

,
and this is true ,

no ma tter how often the c ircui t is branched .

Laws, Lenz
’

s Law s for determin ing
the directions of curren ts produced by elec tro
dynamic induc tion .

The direction of the cu rren ts set up by electro
dynam ic induction i s a lways such a s to oppose
the n otions by which such curren ts w ere pro

d uced .

Laws of B ecquerel , or Laws of M ag

neto-O pt ic Rotat i on—Law s for the mag
neto-optic rota t ion of the plane of polari za tion
o f l ight. (See Rota t i on ,

Mag nol o

Laws of Coul omb, or Laws of El ectr o
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Lead, Cabl e —A lead containing a

conduc tor formed of severa l s tranded con

ductors , as dis t inguished from a w ire lead or

a lead con ta in ing a s ingle conductor.

Lead, Fl ex i bl e —Aconduc tor formed
of a number of sma ll s tranded conductors for
the purpose of obta in ing flex ibi lity .

Lead, Fl exibl e Tw in A flexible
conduc tor in w hich two parallel and sepa
rately insula ted w ires are p laced.

Lead of B rushes of Dynamo-El ectr ic
M ach ine—T he angula r devia t ion from the

norma l pos it ion , which it is necessary to g ive
the brushes on the commuta tor of a dynamo

elec tric mach ine, in order to obtain effic ien t
act ion . (See L ead , Ang l e of .)

Lead Scor ing T O OL—(See Tool , Scor i ng ,

Lea d .)

Lead Sl eeve—(See Sleev e, Lea d .)
Lead, Tee—(See T ee, L ead .)

Lead, Wi re -Alead cons is ting of a
‘

s ingle conductor, as d is t ingu ished from a

cable lead , or a lead con ta ining a number of

s tranded conductors .

Lead Wi re—(See Wi r e, Lead .)

Leading Horn of Pol e Pieces of Dynamo

El ectr i c M ach i ne— (SeeHor n s , Lea d i ng , of
Pole Pi eces of a Dy namo-Electr i cMa c/zi n c .)

Leading-In “dres s—(See Wi r es , Lea d

Leadi ng-Up Wi res—(See Wi r es , Lead

Leads.
—T he conduc tors in any sys tem of

electric d is tri but ion .

In dis tr ibu tion by parallel
, the conductors

through which the curren t flow s from the source

are sometimes ca l led the leads in con tradi s

tinction to those through which i t return s to

the source.

T he leads , or ma in conductors , in a multiple
system of electric lighting, must ma in ta in a con

stan t poten tia l a t the lamp termina ls . T he d imen

s ions of the leads are, therefore , so proportioned a s

to absorb as sma l l an amoun t of poten tia l a s pos
s ible . Since, in incandescen t l ighting , where the
lamps are conn ected to the lead s in mul tiple-arc ,
the tota l res istance of the lamps i s compa ratively

[Lea.

sma ll , the resistance of the leads must be quite
smal l in order to avoid a marked drop of poten
ti a l . Comparatively l arge conductors must,
therefore, be used .

T he ma in conductor for series circui ts, such as

for arc-lights , has in a ll parts the same current

s trength . Since the sum of the resistances of the
lamps in such a c ircu it is qu ite high , a compara
tivel y high resis ta nce in the conductor may be
employed w ithout a propor tiona lly large absorp

tion of poten tial . Comparativel y sma ll condue
tors can therefore be used . (See E l ectr i ci ty , D i s

tr ibut i on of ,
by Cons tan t Cur ren ts . E l ectr ici ty ,

Di s tr i bution of , by Al ter na t ing Curren ts . )

Leads, Armature, Twi st i n —Adis
p lacement oi the ends of the w ires connec ted
to the commuta tor segmen t , w i th respec t to
the pos i t ion of the coils on the armature, for
the purpose of obta ining a more convenient
pos i tion for the diameter of commuta tion ,

tha t is , for the col lec ting brushes .

Leak , O sc i l l atory Aleak or grad

ua l loss of elec tric ity wh ich takes p lace in
a l terna tely oppos i te d irections .

Leak , Un i di rect ional —A gradua l

loss or leakage of electrici ty w h ich takes p lace
in one and the same direct ion .

T he term has been employed to distinguish
such a leak from an osc il latory leak.

Leak age Conductor .
—(See C . )

L eakag e .)

Leakage, El ectr i c —T he gradual

d iss ipa tion of a curren t due to insufficien t in
sulat ion .

Some leakage occurs under nearly al l c ircum
stances . O u telegraphic l ines , dur ing w et

w ea ther , the leakage i s often so grea t as to in ter
fere w ith the proper working of the lines .

Leak age, El ectrostat ic T he grad

ua l d iss ipation of a charge due to insufficient

insulat ion.

T he leakage of a w el l insulated conductor ,
placed in a high vacuum,

is a lmost inappreciable.

C rookes has ma in ta ined electric charges in hi gh
vacua for years w i thou t apprec iable loss .

Leakage, Lateral , of Li nes of M agnet ic

Force T he fa ilure of l ines of magnetic
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force to pass approxima tely paral lel to one

another through a bar of iron or o ther mag

netizable material , w hen i t ha s come to res t
in a magnet ic field in which it is free to

move .

T he escape of the l ines of magnet ic force
from the s ides of a bar or other s imilar

magnet, ins tead of from the poles at the

end.

When a bar of magnetizable mater ial , sus

pended so as to be free to move, comes to rest in
a magnetic field in which i t i s undergoing mag

neti zation ,
i t h as i ts grea test length para llel to

the direction of the l ines of force. If the bar is a

long ,
thin , s tra ight bar , the l ines of force do not

al l pas s in or come out a t i ts ends . O n the con

trary , many of these lines of force or induction
pass in or come out a t other poin ts . T he mag

netic induction i s, therefore, unequa l a t differen t
sections of the bar. In other words , the mag

neti c flux or intensi ty i s not constan t per un i t of
al l cross-sec tions of such bar .

Leakage, M agnetic —Auseless dis

s ipation of the l ines of magnetic force of a

dynamo-elec tric mach ine, or o ther s imilar

dev ice, by their fa ilure to pass through the

armature where they are needed .

Useless d iss ipa tion of l ines of magnet ic
force outs ide tha t port ion of the fi eld of a

dyn amo-electri c machine through w h ich the

arma ture moves .

Such a leakage can be detected by an instru

men t ca lled a magnetop/zone. (See M agneto .

p/zone. )
M agnetic leakage results in lower ing the efli .

ciency of the dynamo . (See Co-qfi cien t , Econo

mic
, of a Dy namo-E l ectr i c M a cbine. )

Lecl anché
’
s Vol ta ic Cel l .—(See Cel l ,

Vol ta i c,
Leg—Ih a sys tem of telephon ic exchange,

where a groun d return is used , a s ingle w ire,

or, w here a metal lic circuit is emp loyed , two

w ires , for connec t ing a subscriber w i th the

ma in sw itchboard , by means of w h ich any

subscriber may be legged or p laced d irec tly
in c ircuit w ith two or more other parties .

Leg of Ci rcui t .—(See Ci r cui t , Leg of .)
Legal Earth Quadrant. (See Quadrant ,

Leg a l Ea r tb .)

Legal 0hm.
—(See 01cm , Leg a l .)

Legg ing-Key B oard—(See B oa r d , Leg

Length of Spark—(See Spa rk, Leng tb

Lens, Achromat ic A lens the

images formed by wh ich are free from the

fal se colora t ion produced in other lenses by
d ispers ion.

An ordinary lens can be rendered approx i

ma tely achromatic by the use of a diaphragm.

Achromatic lenses genera lly consist of the com.

Fig . 3 4 2. Equa l a nd Opposi te Ref ract ing Ang les .

bina ti on of a double convex lens of fl in t glass and
a concave lens of crown glass .

T he ray of l ight enter ing the prism AB C
,

Fig . 342, suffers dispers ion (separa ti on in to pr is~.

matic colors). This dispersion in the same

Fig . 3 4 3 . Pr i nc iple of Achroma t ism.

medium is proportiona l to the angle g , between
the incident and emergen t faces , ca lled the r e

f ract ing ang le.

If, now , another prism B C D , of the same ma

ter ia l , w ith a retract ing ang le g
'

,
equa l to g , i s

combined w ith the fi rs t prism in the manner

shown in Fig . 342, i t w ill produce an equa l but
oppos ite dispers ion , so tha t th e ray of l ight w i ll
emerge a t R

'

, free from ra inbow ti n ts, but par
a lle l to i ts or igina l d irec tion .

The variety of glass ca l led cro wn g l a ss pro

duces on ly hal f as great dispersion o f l ight as the
variety ca lledflin t g l a ss , under the same refrac t



i ng angle g . If the pr ismA B C , of crown g lass ,
Fig . 343 , whose angle g , i s tw ice as grea t as the
r etra ct ing ang le g

'

, of the pr ism B C D , of flin t

glass , be placed together in the manner shown ,

t hen the ray R ,
w i ll be tran smitted a t R'

, free from
c olor , but w i l l not emergepa r a l led to i ts or igina l

d i r ect ion in other w ords, i t suffers refraction or

bending . Consequen tly such a combination can

be used to free a penc i l of light from fa lse colora
tion and y et permi t i t to undergo refrac tion ,

.and thus act as a lens . (See Ref r a ct ion .)
T he con struction of achroma tic len ses i s based

o n this pr inciple .

T he c rown glass is genera l ly made w ith two

3 4 4 . Pla no Con t/ex Fig . 3 4 5 . Ac lzr oma t i c

Achr oma t ic Lens . Lens .

.convex surfaces ; the fl in t gl a ss , w i th one con

cave and one plane sur face , as shown i n Fig .

344

Sometimes both surfaces of the fl in t glass are

made curved , as in Fi g . 345 .

Lenz
’
s Lam- (See Law ,

Lenz
’

s .)

Letter B ox , El ectr i c -A dev ice
t ha t announces the depos i t of a let ter in a

box by the ring ing of a hel l , or by the move
men t of a need le or index .

These devices generally act by the closing or

Open ing of an elec tr ic c ircu i t on the fa ll of the
letter in to the box .

Leyden Jti n—(Seef a r , Ley den .)

Leyden J ar Pattery .
—(See B a ttery , Ley

den ja r .)
Lichtenberg

’
s Dust Figures

—(See Fzg
ur es , L i c/ztenberg

'

s D ust .)
Li fe Curve of Incandescent El ectr i c

Lamp .
—(See Cur r/e, L if e, of I ncandescen t

E lectr i c Lamp .)

Li fe of El ectr ic Incandescent Lamp.

(See Lamp , Inca ndescent , L ife of .)
Light , Auroral —T he l ight given off

during the prevalence of an aurora . (See
Auror a B or ea l i s .)
Light , El ectr ic —Light produced by

the ac t ion of electric energy .

Electr ic light is produced by electr ic energy in
various w ays, the most impor tan t of which are as

follows , v iz . :

B y the passage of an electric discharge
through a gas or vapor , ei ther in a rarefied condi
tion , at ordinary a tmospher ic pressure, or at pres
sures higher than tha t of the ordinary pressure .

In a ny of these cases the gas o r vapor i s heated to
in candescence by the pa ssage of the discharge .

By the incandescence of a sol id by the

hea ting power of the curren t, as in the incandes
cen t lamp .

By the incandescence of a sol id by the ac

tion of a rapidly a lterna ting electros tatic field , as
in

'

l
‘

es la
’
s incandescen t lamp.

(4 By the vo la tiliza tion of a sol id and the form
a tion thereby of a volta ic arc .

By the combina tion of the effects of incan .

descence and the vol ta ic arc .

T he amoun t of l ight produced in proportion to
the amoun t of energy expended to produce it
i s probably least in the case of light produced
by the sparks of a Wimshurs t or Holtz machine ,
or as in ( 1 than in any o ther case in w hich electric
energy acts to produce luminous energy.

Ligh t, El ectr ic, Pump i ng of

Pump i ng of Electr i c n /zt .)
Light , I ntens i ty of —T he bri ll iancy

or i l lumina t ing power of a l ight a s measured
by a photometer in s tandard candles or o ther
s tanda rd un its . (See Pnotometer . Ca ndle,

Standa r d .)

Light, M axwel l ’s El ectro M agnet ic

Theory of —A hypothes is for the
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for l ighting the surroun ding s pace for pur
poses oi exp lora t ion .

Light, Southern

Austr a l i s .)

Light , T a i l
—Al ight d isp layed a t the

rear end of tra ins in order to a void rear col l i
s ions . (See Ra i lr oa ds , B lock Sy stem f or .)

Lighter , Cigar , El ectr ic -An ap

para tus for elec trica lly l ight ing a cigar .

A cigar lighter consists essen ti al ly o f a w ire or
rod of refractory substance , rendered incandes .

cent by the passage o f a curren t obta ined from a

volta ic ba ttery , secondary generator , or other
electric source .

Lighter , El ectr ic ,Argand -Aname

sometimes g iven to an argand e lectric p la in
pendan t burner. (See B ur ner , Arg a nd

E lectr i c, Pla i n-Penda nt .)
Lighter , E l ectr ic, Argand Val ve
Aname sometimes g iven to an argand elec

tric ra tchet-pendant burner. (See B urner ,

Arg and-Electr i c, Ra tcnet-Pendan t .)
Lighthouse I l lumi nation, E l ectr i c

F -(See I l lumi na t i on , n ntnouse, E lectr i c .)

Li ght ing, Arc —Art ific ial illumina
tion obta ined by means of an a re l ight.

(See Aur or a

T he term are l ighting is used in con tradistinc

tion to incandescen t lighting . In the Un ited
Sta tes

,
and , indeed , genera lly , a number of arc

lights are placed in series on the l ine c ircu i t, con
nected genera l ly w ith a series dynamo. Each
of the lamps i s provided w ith a sa fety cu t-out,

which cu ts out or removes a defec tive lamp from
th e c ircui t by au tomatica ll y turn ing or sw itching
the Curren t through a shun t of low res istance.

Light ing , E l ectric, by High Frequency
Currents -Asys tem of elec tric l ighting ,

in which rods , bars or fi lamen ts of carbon or

other refrac tory subs tances are ra ised to in
candes cencew hen placed in a rap id ly a l terna t
ing elec tros ta t ic field.

This system of electric l ighting w as inven ted
by N ikola Tesla. Its genera l pr inciples w i l l be
understood from an inspection of Fig . 346.

G , i s a dynamo produc ing a l terna ting curren ts
of compara tively low poten tia l . A por tion of i ts

curren t P, ac ting as the primary of an induc tion
co il , induces a lterna ting curren ts of hi gh

3 18 (b ig.

poten tial in the secondary circui t S, which ,
charging the condenser C , i s d isrupttvely dis

charged in to the c ircu i tA,
provided W i th an air

‘

gap at A' through P
'

. T he inductive action
of P

'

, on S
'

, produces oscillatory curren ts of

enormous frequency and poten tial in the second
ary c ircu i ts connected therew ith. In the ap
paratus shown in Fig . 346, two incandescent
electr ic lamps are connected w ith the secondary
circu it, one w i th a s ingle stra ight fi lamen t, and

the other w i th a bal l conductor . T he other ‘

termina l of S'

, is connected to the wa lls of the

room to be l ighted . (See Lamp ,
Incandescen t ,

Stra iglzt Fi lament . Lamp , E lectr i c, Incandv r

cent B a l l . )

Light ing , El ectr i c , Central Stat ion
—T he l ighting of a number of houses or other
bui ldings from a s ingle s ta t ion , cen tral ly lo
cated.

Cen tral s ta tion lighti ng i s distinguished from i so
lated ligh ting by the fac t tha t a number of sepa
rate bu ildings , houses or a rea s , are lighted by the
curren t produced at a. s ingle s ta tion , cen trall y
loca ted , ins tead of from a number of separa te
electr ic sources located in each o f the houses, etc .

,

to be lighted . (See E lectr i ci ty , D i str i bution of .

Ligh ting, El ectr i c Gas —Igni t ing
ga s jets by means of elec tric d ischarges .

Electric sparks are caused to pass through a .

jet of escaping ga s , and thus to light i t. These
sparks are obta ined from a Spark c oil

, i . e. , a .

coi l of insulated w ire connected in series w ith
the c ircui t so as to produce an extra curren t on
the sudden breaking of the c ircu i t, the discharge
of which produces a spark capable of ign iting the

gas . In cases where a number of burners are to
be s imul taneously lighted the sparks required for
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l ighting the gas are obta ined from th e secondary
of an induction coi l. (See B urner

,
Automa t i c

Lighting , Electr ic, Isol ated -A
sys tem of elec tric l ight ing where a separa te
electric source is p laced in each house or

area to be l ighted , a s d is t ingu ished from the

centra l s ta t ion l ighting , w here e lec tric sources
a re provided for the production of the curren t
required for an en tire neighborhood .

Lighting , El ectr i c, Long-Arc Sy stem of

—Asys tem of electric l ighting in w h ich
long arcs are ma in ta ined betw een the ca rbon
electrodes .

Lighting , El ectr i c, Short-Arc System

—Asys tem of electric l ighting in w h ich
short vol ta ic arcs are ma inta ined between the
carbon electrodes .

Systems of shor t arcs requ ire an e lectromotive
force of abou t 25 volts, which is abou t one-ha l f
tha t employed in long arcs . T o develop an

equa l amoun t of hea t energy in a shor t are as in
a long arc , therefore , requ ires tha t the curren t be
of double strength .

T he grea ter part of the l ight of a volta ic arc

is given off from a tiny cra ter , w hich is fo rmed in
the end of the pos itive carbon . In the short a rc
sys tem the cra ter lies so nea r the negative carbon
tha t much of i ts l ight is necessarily obscured , and

troublesome shadow s are sometimes produced .

The long-arc system avoids these difficulties .

Lightn ing .
—T he Spark or bol t that resul ts

from the disruptive d ischa rge of a c loud to

the earth , or to a neighboring cloud . (See

Electr i ci ty ,At inospner i c . Ki te, Fr a né l i n
’

s .)

Lightn ing Arrester .
—(See Ar rester ,

L ig/i tn i ng .)

Lightn ing , B ack-Strok e of —An
electric discharge , caused by an induced
charge, w hich occurs a fter the d irec t d is
charge oi a l ightn ing flash .

T he shock i s not caused by the l igh tn ing flash
itself, but mos t p robably by a charge which is in
duced in neighbor ing conducto rs by the discharge .

As imilar effec t may be noticed by s tanding near

the conductor of a powerfu l elec tric machine ,
when shocks are felt a t every d i s charge .

T he back-stroke has been ascr ibed by many to

the osc il lati ons by which a d i sruptive discharge
i s effected . (See D i scha rge, O sci l l a t ing . )
T he effects of the return shock are some times

qu i te severe. They are often exper ienced by

sens itive people , on the occurrence o f a l igh tn ing
d ischarge , a t a con s iderable dis tance from the

place where the discharge occurred .

In some instan ces ,
~the re turn s troke ha s been

suffi c iently intense to cause dea th . In genera l ,
however ,

i ts effec ts a re much less severe than
those of the direct lightn ing discharge .

Lightn i ng , B al l -A name some

t imes given to globular l ightn ing . (See
L ig/ fin i ng , Globul ar .)

Lightn i ng, Cha i n —A variety of

l ightn ing fla sh in which the discharge takes
a rippl ing pa th , somewha t resembl ing a

cha in.

Ligh tn i ng Conductor.

n i ng .)

Lightn ing, Forked A variety of

l ightn ing flash , in w h ich the d ischarge, on
nearing the earth or other objec t , d iv ides in to
two or more branches .

Lightn ing, Gl obul ar —A rare form
of lightning , in w hich a globe of fire a ppears ,
w h ich quietly floa ts for a w h ile in the a ir and

then explodes w i th great v iolence.

(See Rod , n nt

T he exact cause of globular l ightn ing i s un .

known . Phenomena a ll ied to i t, how ever , have
been observed by Plan té during the series d is
charge of h is rheostatic machine. Similar pheno
mena a re sometimes, though rarely , observed
dur ing the discharge of a powerful Leyden ba ttery .

Sir Wm. Thomson ascribes the eflect to an optica l
i llus ion due to the pers istence of the visua l impres .

s ion of a bright flash . This , however , would not
accoun t for the explos ion which a lmost invariably
a ttends globular l ightn ing .

Lightn i ng Guard.
—(See Gua rd , L ig/i t

n i ng .)

Lightn i ng , Heat —A va riety of

l ightn ing flash in w hich the d ischa rge l ights .

up the surfa ces of the neighboring c louds .

Sheet lightn ing i s unaccompan ied by thunder .

It may be regarded as a brush discharge from one.

c loud to another .

Hea t lightn ing i s a v ar iety of sheet l ightn ing .

(See Lig/ fin ing , S/zeet . )
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Lightni ng J ar .
-(See ?ar , L igntning .)

Ligh tn ing , Return-Strok e of —A
term somet imes app l ied to the back-s troke of

l ightning . (See L ig/i tn i ng , B ack-Stroke of .)

Lightn ing R0d.
—(See Rod, L ig/ fin ing .)

Li ghtn ing Rod for Ships—(See Rod ,

n ntn i ng , f or Sit ifi s .)
Lightn ing , Sheet —A variety of

l ightning flash unaccompanied by any thunder
aud ible to the observer, in w h ich the en t ire
surfaces of the clouds are il lumined .

T he cause of sheet l ightning has been ascr ibed
to reflection from c louds of l ightn ing flashes
tha t occur too far below the hori zon either to
permit them to be directly seen , or the thunder
to be heard.

If a Geissler tube, which conta ins severa l con
cen tr ic tubes, be charged by a Hol tz machine,
and then touched a t d ifferen t parts by the hands,
a success ion of luminous discharges w ill be seen

in the dark ,
_

that bear a remarkable resemblance
to the flashes of hea t or sheet l ightn ing .

Li ghtn ing Strok e.
-(See Stroke, L i g /2t

n i ng .)

Lightni ng Strok e, B ack or Return

—(See Stroke, L ig/l tn i ng , B a ck or Return .)

Lightn ing , Summer —Aname some

t imes given to hea t l igh tning. (See L ig let
n ing , H ea t .)

Lightn ing , Vol can ic —T he l ightn ing
d ischarges tha t a ttend mos t volcanic crup
t ions .

Volcanic l ightn ing i s possibly sometimes due to
the fr ic tion of volcan ic dust parti cles aga inst one
another , or aga ins t the a i r , but i s more probably
caused by the sudden condensa tion of the w ater
vapor that i s genera lly disengaged dur ing volcanic
eruptions .

Lightn ing, Zigzag —T he common

est variety oi l ightning flashes , in wh ich the
d ischarge appar ent ly assumes a forked z ig
z ag , or even a cha in-shaped path .

This form is seen in the discharge of a Hol tz
machine, or of a Rulimkorfi

'

Induct ion Coi l .

Photographic pic tures of such lightn ing dis
cha rges appear to show tha t these discharges are

in rea lity zigzag curves , rather than sharp angu

la r zigzags .

—(See

Limi ti ng Stop.
—(See Stop , L imi ting .)

Limb, Rheoscopic —A term some

t imes app l ied to a sensi tive nervemuscle prep
aration , employed to detec t the presence of

an electric current . (See Frog , Ga lv ano

scope.)

Line.
-Awire or other conductor connect

ing any two points or s ta tions .

Line, Acl i n ic —A l ine connecting
p laces on the earth ’

s surface which have no

magnet ic incl ina t ion .

T he magnet ic equa tor of the earth. (See
Equa tor , M ag net i c.)

Li ne Adjuster .
—An instrumen t invented

by Delany for overcoming the effec ts of leak
age ou the adjustmen t of the relays in a way
l ine.

When any key is Opened , the li ne circui t is
simu l taneously broken a t both ends so that there
i s a momen t of no current, w hich causes al l the

relays to respond .

Li ne, Aer i al -An a ir l ine as dis

t inguished from an underground conductor.

Line, Agon i c —A l ine connec t ing
p laces on the earth ’

s surface where the mag
net ic needle has no decl ina tion , or where i t
points to the true geograph ica l north . (See
Ag on i c . )

Li ne, Art ifi ci al —Al ine so made up

by condensers and res is tance coils as to have
the same inductive effects on charging or dis
charging as an actua l telegraph l ine.

In duplex telegraphy by the differentia lmethod ,
the ar tific ia l line used must have i ts capac i ty
balanced against that of the l ine, so as to avoid
the effects of self-induction , and o ther effects pro
duced by charging and discharging .

Li ne, Capaci ty of —T he abili ty of a

l ine or cable to act l ike a condenser, and

t herefore l ike i t to possess a capaci ty. (See
Cable, Capa ci ty of .)

Li ne Ci rcui t.—(See Ci r cu i t , L ine.)
Line Ci rcui t, T el egraphic

Ci r cui t , L i ne, Teleg r ap/zi c .)

Line, Neutra l , of a M agnet
—Al ine

joining the neutra l points of a magnet or
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T he total number ofKapp lines passing through
a magnet and a ir space i s equa l to the

.

ampere
turn s divided by the tota l magneti c reluctance in
the magnetic c ircuit .

Li nes of El ectr i c Di spl acement—(See
D i sp la cemen t , El ectr i c, L i nes of .)

Lines of El ectrostat ic Force.
- (See For ce,

E lectr osta t i c , L i nes of .)

Lines of Force, Cutt ing (SeeFor ce.

L i nes of , Cutt i ng .)

Lines of Force, Di rect ion of —(See
For ce, L i nes of , D i r ect i on of .)

Li nes of Inducti veAct ion . (SeeAct i on ,

I nduct i ve, L i nes of .)

Lines of M agnet ic Force—(See Force,
M ag net i c, L i nes of .)
Lines of M ag netic Force, Conducting

Power for —(See For ce, M ag net i c ,

L i nes of . Conduct i ng Pow er f or .)

Li nes of M agnet i c Induct ion
—(See In

duct i on . M ag net i c , L i nes of .)

Lin es, O verhead -A term appl ied
to telegraph . telephone and elec tric l ight or

power l ines tha t run overhead , in contradis

t inc t ion to s imilar l ines p laced underground .

Lines , Vortex-Stream —Lines ex

tend ing in the direc t ion in which the part icles
o f a fluid are mov ing .

Avortex stream is supposed to be composed of

a number of vortex-stream l ines .

Li nked M agneti c and El ectr i c Cha in .

(See Clza i n , L i nked M ag n et i c a nd E lectr i c .)
Li nk s, Fuse -Strips or pla tes of

fus ible meta l in the form of l inks , emp loyed
for safety fuses for incandescen t or other
c ircuits .

Liqu id, B right Di pp i ng -Al iquid
u sed in elec tro-p lat ing for d ipp ing art ic les

p repara tory to electro-p la ting , so as to insure

a brigh t p lat ing depos i t on them w hen a fter
w ards subjected to the p la t ing process .

Abright dipping liquid i s prepared by the ad

dition of I volume of common table sa l t to a

mi xture of 100 volumes each of sulphur ic and

n i tric acids . For sma ll objects or articles of

copper, or other readily corroded metals , the

[Loc.

above solution is diluted by the addition of one .

e ighth i ts volume ofw ater .

Liqu id , El ectropoion
—A bat tery

l iqu id cons is t ing of 1 pound of b ichroma te
of potash d is solved in 10 pound s of wa ter, to
wh ich 25 pounds of commercia l sulphuric
acid has been gradual ly a dded .

This liquid is employed w ith the carbon-zinc
cell or the bichroma te of potash cell .

Li qui d, Exci ting , of Vol ta i c Cel l
T he electrolyte or l iquid in a vol ta ic cell ,

w h ich acts on the pos it ive p la te.

Liqu i dLevel Al ar tu.
-(SeeAzem/

“

z, Wa ter

or L i qu id Lev el .)
Li qui d Res i stance Load—(See Load ,

L i qu id Res i s ta nce.)
Li quid, Str i pp i ng A l iquid em

p loyed. to remove a coa ting of one meta l
from the surface of another, w ithout a ffec t ing
the othermeta l .
T he character of the s tr ipp ing liqu id used w i ll

depend on the kind of metal to be removed , and
w hether the str ipping i s to be accomplished by
solution efiected by chemica l ac tion , or by electro
lytic ac tion.

Liqui d, Speci fi c Resistance of

(See Res i s tance, Spec ifi c, of L i qu id .)

Liquor , Spen t —Any l iquor , such as

tha t in the ac id or other ba ths used in elec tro
p la t ing , tha t has become weakened by use.

Listen ing Ca in .
—(See Cam, L i sten i ng .)

Load, Liqu i d Res i stance An art i.

fic ia l load for a dynamo-electric machine.

cons is t ing of a mass of l iquid in terposed be
tween elec trodes .

Al iquid i s genera lly rendered better conduc t
i ng by the addition of a smal l quan tity of soluble
sa l t, such , for example , a s sulpha te of soda .

Local Act ion of
‘

Dynamo-E l ectr i c M a

ch i ne—(See Act i on , Loca l , of Dy namo

E lectr i c M a ci l i ne.)

Local Act ion of Vol ta i c Cel l .—(See Ac.
t i on , Loca l , of Vei l a l e Cel l .)
Local B attery.

-(See B a ttery , Loca l .)

Local B attery Ci rcui t—(See Ci r cu i t
,

Loca l-B a ttery .)
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Local Currents—(See Cur r en ts , Loca l .)
Local Faradizat ion .

—(See Fa r a di z a t i on ,

Local Gal van ization .

t ion , Loca l .)

Local i zation of Faul ts—(See Fa ul ts ,

Loca l i za t i on of .)

Lock , El ectr i c —A lock tha t is au
t omat ical ly unlocked by the a id of electric ity .

(See Ga lva n i za ~

T he electric lock is so arranged tha t the action
.oi a push bu tton a t a distance un locks the door .

ASpeaking tube commun ica tes w ith the hous e,
a nd the pressing of a push button on any floor of

the house unlocks the door . T he mere shutting
.of the door locks i t .
Aform of electric lock i s shown in Fig . 347.

Fig . 3 4 7 . Electr ic Lock .

Locomot i ve, El ectr ic A rai lway
e ngine whose mot ive pow er i s elec tric ity .

(See Ra i l r oads , Electr i c.)

Locomoti ve Head Ligh t, El ectr i c
.(See Head n nt , Locomot i v e.)

Lodestone.
—A name formerly appl ied to

a n ore of iron (magnet ic iron ore) , tha t na tu
rally pos sesses the pow er of a t trac t ing p ieces
o f iron to it.

Lodestone, or magnetic iron ore
,
mus t be re

garded as a magnetizable substance tha t has be
c ome permanen tly magnetic from i ts s itua tion in
the ear th’s magneti c fi eld . Such beds of ore

concen tra te the l ines of the earth ’

s magnetic field
on them, and thus become magnetic .

[Loo.

Lodge
’

s Standard Vol ta ic Cel l . —(See
Cel l , Vol ta i c, Sta nda rd , Lodg e

’

s .)

Log , El ectr ic An electric dev ice
for measuring the speed of a vessel .
Alog , opera ted by the rota tion of a wheel , i s

caused to register the number of i ts rota tions by a
step-by-step recording appara tus opera ted by
breaks in the c ircui t, made dur ing the rota tion
of the w heel , a t any g iven number of turns , say
100, or some other conven ien t multiple . Such a
log may be kept constan tly in the w ater

,
and oh

served when required , or i t can be caused to

make a permanen t record of i ts actua l speed at

any time during the en tire run .

Logar i tlun .
—T he exponent of the power

to which i t is necessa ry to ra ise a fixed num

ber. in order to produce a g iven number.

Atable of logar i thms enables the opera tions of

mu ltiplication , divis ion ,
the ra is ing o f pow ers ,

and the extrac tion of roots, to be readily per
formed by s imple addition , subtracti on ,

multi
plica tion or d ivis ion , respec tively . When thor
oughly understood , loga rithms grea tly reduce the
labor ofmathema tica l ca lcula tions . For the man

ner in which they are u sed
, the s tuden t i s referred

to any standard work on mathematics .

Logar i thmi c Curve—(See Cur r/ e, L og a
r i t/zmi c .)

Long-Coi l M agnet
—(See M ag n et , L ong

Coi l .)
Long

-Core El ectro-M agnet .
— (See M ag

n et , Electr a, Long Core.)
Long-Shunt Compound-Wound Dynamo

El ectri c M ach ine.
—(See Ma c/zi ne, Dy na

7no-Electr i c, Compound Wound , L o ng

Snun i .)

Long i tude, El ectr i c Determi nation of

—T he determina tion of the longi tude of
a p lace, by differences in t ime between it and
a p lace on the pr ime merid ian ,

a s s imul tane
ous ly determined telegraph ica l ly .

In determinations of this character a l lowance
must be made for the retarding effects of long
telegraphic lines , or cables .

Loom, El ectr ic —Adev ice by means

of which Jacquard ca rds in the ordinary loom
a re rep laced by a s imple perfora ted metal
p la te , the perfora t ions in wh ich correspond
to those in the Jacquard card .
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T he necessary movemen ts are effec ted by
means of electro-magnets.

Loop B reak—Adevice for in troducing a

loop in a break made a t any part of a c ircuit.
T he rigidity of the l ine w ire, between the poin ts

of attachmen t of the loop in troduced , is ma in
ta ined by mean s of some inflexible non-conducting
mater ia l inserted in the break .

Loop Ci rcui t .—(See Ci rcu i t , Loop .)

Loop , Dr i p -An incl ined loop p laced
where the outs ide conductors en ter a build
ing .

T he incl ina tion is upwards towards the poin t
of en trance to the building. This device of

a drip loop i s adop ted for the purpose of preven t
ing the ra in wa ter from flow ing a long the inclined
w ire in to the building . This i s effected by making
the w ire incline from the bui lding, thus throw ing
the dra inage from the bu ilding.

Loop , El ectr i c Aportion of a ma in

c ircu i t cons is t ing of a w ire go ing out from
one s ide of a break in the ma in c ircuit and
return ing to the other s ide of the break.

Loops are employed for the purpose of con

necting a bran ch telegraph office w ith the ma in
l ine ; for plac ing one or more e lectr ic arc lamps
on the ma in l ine c ircu i t ; for connec ting a mes

s enger ca l l or tel ep lzone ci r cu i t w ith a ma in l ine ;
and for numerous s imi lar purposes .

Loops of Force.
—(SeeFor ce, Loops of .)

'

Loops of M utual Induct ion—(See I nduc
t i on , M utua l , Loops of .)
Low-Res i stance M ag net—(See M ag net ,

Low-Res i stance.)

Low-Tens ion El ectr i c Fuse—(See Fuse,

Electr i c, Low Tens ion .)

L0x odrograph .
—An appara tus for elec tri

ca l ly record ing on pa per the ac tua l course o f

a s hip by the comb ined a c t ion of magnet ism
and photogra phy .

Luces.—Plural of lux . (See Lux .)

Luminescence—Al imi ted pow er of emit
ting l ight , pos sessed by certa in bodies w h ich
have previous ly acqu ired poten t ial energy by
exposure to l ight or rad iant energy.

T he term luminescence was proposed by E.

Wiedemann to cover the case of the emission of

324 [Lux .

Lunar Inequal i ty of Earth’s M agnet i c

Var i at ion or Inc l i nat ion.
—(See Inequa l i ty ,

Luna r , of Ea r t/z
’

s M ag net i c Va r i a t i on or
“

I ncl i na ti on .)

Lunar Inequal i ty of Earth
’

s M agnet i sm,

—(See I nequa l i ty , Lun a r , of Ea r tn
'

s M ag

net i snz.)

Lux .
—Aname proposed by Preece for the:

un it of in tens i ty of i l lumina t ion .

T he il lumina t ion g iven by a s tandard
c and le at the dis tance of inches .

T he il lumina tion given by I carcel a t the
d is tance of I metre.

T he i llumina tion given by a lamp of
candles at feet . (See I l lum i na t i on

Un i t of .)

l igh t under circumstances diflering from the emis
sion or radia tion of l ight by incandescence. Lu v

minescence appli es to the case o f a radia tion ,

general ly selective in character , tha t i s apparently
due to efl

'

ects al lied to, or the same as, those of
fluorescence and phosphorescence. For example,
magnesium oxide or zinc oxide, when heated .

above a certain cri tica l temperature, radia tes far
more li ght than equa lly hot carbon .

T he spectrum of such luminescen t l ight is espe
c ial ly r ich in certa in wave lengths .

‘

T he ability
of the substance to con tinue to furn ish this extra .

l ight is, however , limited. After a compara tively
short time

,
the additiona l l ight, or selective radia

tion , disappears . T he luminescen t l ight i s appa
ren tly due to molecular potentia l energy stored in‘

the substance dur ing i ts exposure to l ight. Lumi

nescence may be developed in bodi es in the fol

low ing manner, viz
( I . ) By hea t .

By chemica l ac tion .

By fr iction .

By exposure to the sun ,
orby actua l impact ‘

of l ight w aves .

By electr icity .

By vita l forces , as in the fire fly
, or the

glow worm.

Luminescence, Rejuvenat ion of

Reimpart ing by exposure to l ight, or any other
suitab le means , the power of luminescence to
a subs tance after it has los t th is power.

Lumi nousAbsorpt ion .
—(See Aosorpt i on ,

Luminous
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tr i c ma c/zine proper , consists of the follow ing
parts , v iz . :

T he revolving portion , usua lly the a rma

l ure
, in which the electromotive force i s developed ,

which produces the curren t .
It mus t be borne in mind tha t it i s not curren t,

'

but difler ence of electr icpotent ia l , or electromotive

f or ce, tha t i s developed by any electr ic source

from which a curren t is obta ined . For ease o f

reference , however , w e w ill speak of an e lectric
curren t as

' being generated by the armatur e , or by
the source. No ambigu ity

.

w ill be in troduced if
the studen t bears the above in mind .

T hefi eld magnets , which produce the field
in which the a rmature revolves .

h 3 polep ieces , or free termina ls of the field
magnets .

T he commuta tor , by which the curren ts de
v eloped in the armature a re caused to flow in

.one and the same direction . In a l terna ting
machines, and in some con tinuous curren t dynamos

this par t i s ca lled the col lector , a nd does not rec

tity the curren ts.

T he col l ecting l rus/zes , tha t rest on the

c ommuta tor cy l inder and take off the curren t

genera ted in the armature.

M ach i ne, Dynamo-El ectr i c , Al ternati ng
Current —Adynamo-elec tric mach ine
in wh ich a l terna t ing curren ts are produced .

T he field magnets may be either permanen t
magnets or electro-magnets . When electro-mag

n ets are used , their coils may be separately ex

c ited by another machine w hose curren t i s con

tinuous ; or , theymay be excited by the commu ted
curren t of a separate coi l on the arma ture ; or , they
may be partly excited by commuted curren ts and

p artly by commuted curren ts from a transformer,
placed in the ma in c ircuit of the dynamo .

M ach ine, Dynamo-El ectr ic , Armature of
—(See Arma tur e, Dy namo-Electr i c

M ac/zi ne.)

M ach i ne, Dynamo-El ectr i c, B ed-Pi ece of
—T he frame or base on w h ich a dynamo

i s supported .

T he bed-piece i s sometimes ca lled the dynamo
frame or base.

M achi ne, Dynamo-El ectr ic , B i-Pol ar
—A dynamo-electric machine , the a rma ture
o f w hich rotates in a field formed by two

magnet poles , as d is t ingu ished from a ma

[M ac.

chine the armature of w h ich rota tes in a field
formed by more than two magnet poles .

A dynamo-electr ic machine whose armature
rota tes in the field formed by more than two

poles i s ca l led a mul ti-polar machine. (See M a

c/zine
,
Dy namo-E l ectr i c, M ul ti-Pol a r . )

M achine, Dynamo-El ectr i c, Carcass of
—Aterm sometimes us ed in p lace of

the field magnet frame of a dynamo-electric
mach ine. (See M a c/zi ne, Dy namo-Electr i c,

F r ame of .)
T he term, fiel d magnet frame

, would appear
to be the preferable term. T he term

,
how ever

,

i s used in France
,

and i s der ived from the

Fren ch word for ske leton .

M achine, Dynamo-El ectr i c, Cl osed-Coi l
—A dynamo-elec tric machine, the

arma ture coils of which are grouped in sec

t ions , c ommun ica ting w i th s uccess ive bars of
a collec tor, so as to be connec ted con tinu
ous ly together in a closed c ircuit.
T he Gramme dynamo and mos t continuous

curren t dynamos are c losed-coi l dynamos.

M ach ine, Dynamo-El ectr i c, Cl osed-Coi l
Di sc —A c losed-coil dynamo-electric
machine, the arma ture core of w hich is disc
shaped .

M ach i ne, Dynamo-El ectri c, Cl osed-Coi l
Drum —A c losed-coil dynamo-electric
machine, the arma ture core of which is

drum-shaped .

M achi ne, Dynamo-El ectr i c, Cl osed-Coi l
Ri ng —A c losed-coil dynamo-elec tric
machine, the a rma ture core of w hich is ring
shaped.

M ach ine, Dynamo-El ectr i c, Col l ectors
—(See Col l ectors of Dy namo-Electr i c

M a c/zi nes .)
M ach i ne, Dynamo-El ectr i c, Compound

Wi ndi ng of —(See Wi ndi ng , Com

pound , of Dy namo-El ectr i c M acnine.)
M ach i ne, Dynamo-El ectri c , Compound
Wound —M ach ines w hose field mag
nets are exc ited by more than one c ircui t of
coils , or by more than a s ingle electric

source.

T he object of compound w inding i s to make
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“

the dynamo sel f-regula ting under changes in i ts
working load. Ashunt-wound dynamo renders

'

both series and mul tiple c ircuits approxima tely
cons tant as regards their w orking. M ul tiple c ir
cu i ts , however , requ ire grea t constancy of poten
tia l , and for this purpose the compounding of the

dynamos is necessary .

In the compound dynamo, the shun t coils are

superposed on the ser ies co ils , or are used in con

nection w ith them . T he shun t coi ls con sis t of a
much grea ter number of convolutions of fine w ire
than the series coils , which are of coarse w ire .

Separa te exc itation i s sometimes compounded
e ither w ith ser ies or w ith shun t fi eld magnet
c oils .

Compound dynamos are of two classes , v iz
Those des igned to produce a. constan t

potenti al , and
Those designed to produce a constan t cur

ren t .
For Constan t Poten tia l
In the long-shun t compound-wound dynamo ,

.the termina ls of the shun t coi l a re connec ted w ith
the binding posts of the machine. As the cur
ren t leaves the arma ture i t has two pa ths to take
one , the thick ser ies co ils , to the externa l c ircuit,
a nd the other the finer and longer shun t coils .
T he res is tance of the shun t coi ls i s grea ter than
tha t of the arma ture. C urren t var ia tions in the
a rmature w i ll , therefore, produce no apprec iable
effect on the magnetizing power of the shun t,
w hich acts as a nearly un iform exc iter of the field .

In a shun t-wound dynamo connected to a

multiple circu i t, the in troduction of an additiona l
number of receptive devices into the circui t re

q uires more curren t, and this would tend to cause

a s light drop in the poten ti a l . T he object of the
series coils i s to prevent this drop . T he ser ies
c o ils , therefore, act as compensators . If the

c oils are too powerful the compensa tion w il l
have the effect of increas ing the poten tial .
T he combina tion of a series and separa tely ex

c ited machine i s shown in Fi g . 35 1 . T he field i s
in ser ies w ith the armature, but has a lso an ad

d i tional and separa te excita tion .

T he combina tion of a ser ies and shunt machine
insures the exc ita tion of the field bo th by the

ma in and by the shun ted current . Such a com

bination i s shown in Fig . 353 .

For Con stan t Curren t
The combina tion of shun t and separa tely ex .

c ited machi nes i s shown in Fig . 3 56 . In this
machine the field i s excited by mean s of a shunt

[M

to the externa l c ircu it, and by a current produced
by a separate source .

T he combination of a ser ies and magneto ma
chine i s shown in Fig. 352. Th is , also, is

designed to give a constan t current .

M achi ne, Dynamo-Electr i c, Compound
Wound, Long-Shun t —A compound
woun d dynamo-elec tric machine , in wh ich
the s hun t-field magnet coils form a shun t to
the binding pos ts of the machine .

In the short-shun t compound-wound dynamo .

elec tr ic machine, the ends of the shun t co il are
connected to the brushes of the machine.

M ach ine, Dynamo-El ectr ic, Compound
Wound, Short-Shun t —A compound
w ound dynamo-elec tric mach ine in w hich the
s hun t-field magnet coils form a shun t to the
arma ture on ly, as d is t inguished from the

a rma ture and series coils comb ined .

In the shor t-shun t dynamo-electri c machine,
the ends of the shun t coil are connected to the
brushes of the machin e, and not to the binding
posts of the machine, or to the externa l c ircui t, as
i n the long-shun t machine.

M achi ne, Dynamo-El ectr ic, Cont inuous
Current —Adynamo-electric machine ,
the curren t of wh ich is commuted so as to

flow in one and the same d irec t ion , as d is

t ingui shed from an a l terna ting dynamo.

M ach i ne, Dynamo-El ectr ic, Doubl e-M ag
net —A term somet imes app l ied to a

dynamo-elec tric machine, the field magnets
of which have two consequen t poles .

M ach i ne, Dynamo-El ectr ic , Economic
Co-effic ient of —Aname formerly ap

p l ied to the effi c iency of a dynamo-e lectric
machine. (See M a ch i ne, Dy namo

-E lectr i c ,

Efi ci ency of .)

M achi ne, Dynamo-E l ectr ic, Effi ciency
of —T he ra t io between the e lectric
energy or the elec trical horse-power produced
by a dynamo, and the mechan ica l energy or

horse-power expended in driving the dynamo .

T he Efi cien cy may be the Commerci a l Efi
ciency , which is the usefu l or ava i lable energy i n

the externa l c ircu i t divided by the tota l mechan
ical energy or i t may be theE lectr i ca l Eflici ency ,

which is the ava ilable elec tric energy divided by
the tota l e lectr ic energy .
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The Efi cz
’

ency of Convers i on i s the tota l elec
trical energy developed , divided by the tota l
mechan ica l energy applied .

If M , equals the mechan ica l energy ,
W, the u sefu l or ava ilable electri ca l energy,
and

w , the electrica l energy absorbed by the ma
chine , and

m, the Str ay Power , or the power lost in
friction , eddy currents , a i r fr ic tion

,
etc .

Then , s ince

Commercia l Effi ciency .

Ti
t

/I

V

W +23 m

W
El tn 1 Eflicc ca crency

W w

W w
_ _

W W
Effi ciency of Convers ion

M
_

m '

M ach i ne, Dynamo-Electr ic , Fl ash i ng of

—Aname given to long flash ing sparks
at the commuta tor, due to the short c ir

cuiting of the externa l c ircu it a t the com

muta tor, by arc ing over the success ive com
muta tor insula t ing s trips .

M ach i ne, Dynamo-El ectric , Frame of
’

—T he bed-piece tha t supports a dyna
mo-elec tric mach ine .

T he frame i s sometimes ca l led the dynamo bed
piece .

T he word frame i s sometimes applied to the
field magnet cores and yokes .

M ach i ne, Dynamo-El ectr ic, Local Act ion
of —(See Act i on , L oca l , of Dy namo

E lectr i c M a ch i ne.)
M achi ne, Dynamo-El ectr i c, M ouse-M i l l ,

Si r Wm. Thomson’
s —A dynamo

electric mach ine des ign ed by Sir Wm .

T homson , named from the resemblance of

i ts arma ture to a mouse m il l.
T he a rma ture conductor of th i s dynamo con

s is ts of para l le l bars o f copper
,

a rranged on a

hollow cyli nder , l ike the bars on a mouse mi ll .
M ach i ne, Dynamo-El ectr i c, M ul t i pol ar
—A dynamo-elec tric machine, the

arma ture of wh ich revolves in a field formed
by more than a s ingle pa ir of poles .

This form i s usual ly adopted for large machi n es
as bei ng more economical .
Fig . 349shows a mul tipolar dynamo w ith four

poles .

M ach ine, Dynamo-El ectr ic, Open-Coi l

—A dynamo-electric machine, the

armature coil s of w h ich , though connected to

Fig. 3 49. M ul t ipola r Dy n ame w i th Fou r Poles .

the success ive bars of the commutator, are not .

connec ted con t inuously in a c losed c ircuit .
T he B rush and the Thomson-Houston arc dy

namos are open-coil machi nes .

M ach ine, Dynamo-El ectr i c, Open
-Coi l

Di sc —An open-coil dynamo-elec tric
mach ine, the arma ture of w h ich is disc

shaped .

M ach ine, Dynamo-El ectr i c, Open-Coi l

Drum —An open-coil dynamo-elec tric .

machine, the arma ture core of wh ich is drum
shaped .

M ach i ne,

i

Dynamo-El ectr ic, O pen-Coi l
Ri ng

—An open-coil dynamo-electric
mach ine , the arma ture core of w h ich is ring
shaped .

M ach i ne, Dynamo-El ectr i c, O utput of
’

—T he electric power of the curren t gen
cra ted by a dynamo-electric mach ine ex

pressed in vol t-amperes , wa t ts or kilo-wa tts .

S. P. Thompson sugges ts tha t dynamoe lec tric
machines be ra ted as to thei r practica l safe ca

paci ty i n un i ts of output of w a tts
, or one

hi l a wa tt . According to this
,
an 8-un it machine

might give, say , 100 amperes a t a d iflerence of

poten tia l of80 volts , or amperes a t a d i ffer
ence of potent i a l of 4 volts . Such a un i t wou ld be
far more express ive than the usua l method of ra t

i ng a machine as having a capaci ty of such and

such a number of lights .

M achine, Dynamo-El ectr ic, React ion

Pr i nci pl e of —T he mutua l interaction
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A series and separatel y ex ci ted compound
Wound dynamo-electric machine i s shown in

Fig. 3 52.

Fig . 3 5 2.

This machine is employed for ma in ta in ing a

cons tan t poten tial a t i ts terminals.

M ach i ne, Dynamo-El ectr i c, Ser i es and

Shunt Wound —Acompound-wound

Fig . 3 5 3 . Ser ies a nd Shun t Wound Dy n amo.

dynamo-electric machine in w hich the field

magnets are w ound w ith two separa te coi ls ,
one of w hich i s in series w i th the a rma ture
and the ex ternal c ircui t , and the other in

shun t w i th the a rma ture.

This is usua lly cal led a compound-wound ma

chine . (See M a chine
, Dy namo-E lectr i c, Com

pound Wound . )
A

.

compound
-wound ser ies and shun t dynamo

elec tr ic machine i s show n in Fig . 3 53 . Thi s ma .

chine i s designed to ma in ta in cons tan t poten tia l
a t i ts termina ls .

There are two varieties of series and shunt
wound dynamos , v iz

Long
-shun t compound-wound dynamo .

Shor t-shun t compound-wound dynamo.

(See M a chine
,
Dy namo-E l ectr i c, Compound .

Wound, Long Shun t. l i l a c/zin e, Dy namo

Compound . Wound
,
Shor t-Shunt . )

M achine, Dynamo-El ectr ic, Serieswound
—Adynamo-electric mach ine, in wh ich

the field c ircui t and the external c ircui t are

D D D D

Fig . 3 5 4 . Ser ies Dy na mo.

connected in series w i th the arma ture c ircui t ,
so that the en t ire a rma ture current mus t pa ss
through the field coils .

Aser ies dynamo-electr ic machine i s shown in
Fig . 3 5 4. Here the a rma ture c ircu i t, the field .

c ircu it and the externa l c ircu i t are a ll connec ted
i n series .

Since in a series-wound dynamo the armature
coi ls. the field and the extern al ser ies c ircu i t are in
series , any increa se in the re zi stan ce of the externa l
c ircu i t w il l decrease the elec tromotive force from .

the decrease i n the magnetizing curren ts . Ade
crease in the resistance of the externa l c ircu i t w ill ,
in a l ike manner , increase th e electromo tive force
from the increase . in the magnetizing curren t .
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T he use of a regul ator avoids changes in
the electromotive force.

Fig . 3 5 5 . Ser ies Dynamo.

T he dynamo shown in Fig . 3 55 i s series con

nec ted . T he armature i s ring-shaped . T he

arma ture core consists of a ring made of so
'

t iron
w ire . T he field i s bi polar , and i s obta ined by
the use of four magnet coils and two consequen t
poles .

M ach ine, Dynamo-El ectri c, Shunt and

Separatel y Exci ted -A compound
wound dynamo-electric mach ine, in which

Fig . 3 5 6 . Shun t a nd Sepa r a tely Ex ci ted Dy namo.

the field is ex cited both by means of a shunt
to the arma ture c ircui t , and by a curren t pro
duced by a separate source.

’

A shun t and separately excited compoun d

3 3 1 [M ac,

wound dynamo-elec tr ic machine i s shown in Fig.

356 . This machine ma in ta in s a cons tan t C urren t
in i ts ci rcu it, notw iths tanding changes in i ts ex

terna l c ircu it.

M achine, Dynamo-El ec tr i c, Shun t-Wound
—Adynamo-elec tr ic mach ine in wh ich

the field magnet co ils are p laced in a shun t
to the arma ture c ircu i t , so that only a

port ion of the current genera ted pa sses
through the field magnet co ils , but a l l the

d ifference of po ten t ial of the arma ture ac ts a t
the terminals of the field c ircui t.
Ashun t dynamo-electric machine i s shown

D D D D

Fzg . 3 5 7 . Shunt Dy namo.

In a shun t dynamo -electr ic machine, in

crease in the resistance of the externa l c ircu i t ih
creases the elec tromoti ve force , a nd a decrease in
the res istan ce of the externa l c ircu i t decreases the
electromotive force. This i s just the reverse o f

the series -wound dynamo .

In a shunt-wound dynamo a con tinuous balanc
ing of the curren t occurs . T he curren t d ividing
at the brushes between the fi el d and the externa l
c ircu i t in the inverse proportion to the res istance
of these circuits , i f the res istance of the externa l
circu i t becomes greater, a proportiona tely grea ter
curren t passes through th e fi eld magnets , and so

causes the e lectromotive force to become grea ter .

If
,
on the con trary, the re sistance c f the ex tern a l

c ircu it decreases , less curren t pa sses through the
field , and the e lectromotive force is propor tion .

a tely decreased.



In a. shun t-wound dynamo the res istance of the

shun t shoul d be a t lea st four hundred times tha t
of the arma ture. It i s sometimes a s much as one

thou sand times as grea t . Urquha r t. )
T o obta in complete regul a tion of the machine

some form of compoundi ng i s n eces s a ry . (See

M a chine
,
Dy namo-E lectr i c, Compound Wound. )

M ach i ne, Dynamo-El ectri c , Si ng l e-M ag

net. —A dynamo-electric mach ine, in

w h i ch the field m agnet poles are ob ta ined by
means of a s ingle coil of insula ted w ire, in
s tead oi by more than a s ingle coil .

M achi ne, Dynamo-El ectr i c, Spark i ng of

—Ah irregular and injur ious opera t ion
o f a dynamo-elec tr ic mach ine, a t tended w i th
sparks a t the col lec ting brushes .

Sparking cons ists in the forma tion of sma l l arcs
under the collecting brushes . O ne cause o f

sparking is to be found in the brushes leaving one

c ommu ta tor str ip before making connection w ith
the next s tr ip .

Sparking from this causemay be avoided by so
plac ing the brushes a s to cause them to br idge
o ver the space betw een tw o con secutive bars

,
thus

permitting them to touch one bar before leaving
the o ther . T wo brushes , electr ically connected

,

a re sometimes employed for th is purpose, or the
s lots between contiguous bars are sligh tly inclined
to the axis of rota tion .

Sparking causes a burn ing of the commu ta t i r

s tr ips , and an irregular consump tion of the

brushes, both of which produce fur ther i rregu lari
ties by the wear oi the brushes aga inst the com
muta tor bars .

At the momen t the brush touches two con tigu
ous commuta tor bars, i t short c ircuits the coi l
termina ting at those bars . O n the break i ng o f

this c losed c ircu it, a spark appears under the

brushes . This spark i s often cons iderable, s ince
from the comparatively smal l resistance of the

coil , i t is apt , w hen shor t c ircu ited , to produce a.

heavy curren t if not exactly a t the neutra l poin t .
Another cause o f spa rking i s to be found in the

self-induction of the armature coils . T he extra
current on breaking forms an in jur ious spark un

der the brushes . This spark may be cons iderable,
s ince the current produced in the co il on mo

menta ri ly shor t c ircu iting i t by the brushes sim

u ltaneously touching the adjoin ing commuta tor
segmen ts may be large .

Sparking occurs w hen the brushes are not set

c lose to the neutral line. Since the principa l
cause for the change in the lead of the brushes i s
the magnetizing e ffect of the arma ture coils , i t i s
preferable to make the number of w indings of

these as few as poss ible , and to obta in the neces

sary differences of poten tia l by increa sing the

speed of rota tion and the strength of the magnetic
field of the machine. Short arma ture coils also

l essen the sparking due to self -i nduct ion .

Sparking a t the brushes is a lso caused by the

jump in of improperly supported or
“

constructed
brushe=.

When the brushes are not set c lose to the neu
tra l poin t, longfla y /zing spa rks are apt to occur .

Alack of symmetry of w inding of the arma

tu re coils w ill necessar ily be a ttended by injurious
flashing , from the impossibility of properly ad .

justing the brushes .

M achine, Dynamo-El ectr i c, Synchron i z
i ng Adjus ting the phases of two al ter
nating curren t dynamos s o as to permit their
being coupled or joined in paral lel .

M achine, Dynamo-El ectr i c, to Short Ci r

cu i t a —T o put a dynamo-electric ma

chine ou a c ircu i t of compara t ively small

elec tric res is tance.

M achi ne, Dynamo-El ectr i c , Un i t of O ut
put of

—Aun it for the electric power
furn ished by the curren t of a dynamo-electric

machine .

A un it of output equa l to wa tts or
1 kilowa t t .
Amachine furn ishing a curren t of 100 amperes

a t a differen ce of poten tia l of 80 volts , ,

wou ld
have an outpu t of w a tts , and wou ld ,
therefore , be ra ted as an 8-un i t machine.

M ach i ne, El ectr ic , Rubber of -A
cushion of lea ther covered w ith an elec tri c
amalgam , and emp loyed to produce elec tric i ty
by its fric t ion aga inst the p late or cyl inder of
a fric tiona l electric mach ine. (See M a

c}: inc , Ff i ct i ona l E lectr i c .)
M ach ine, E lectrostat ic Induct ion
Amachine in wh ich a sma ll in it ia l charge
produces a grea tly increased charge by i ts in
ductive a c t ion on a rapid ly rota ted d isc of

g lass or other d ielec tric .

An excellen t type and example of such a ma

chine i s found in the l l ol tz machine , w h ich Cu rl
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from the po in ts of the paper armatures, as wel l a s
the character of the charge, w i l l be understood .

There thus results , as is shown , a positive charge
on both the fron t and back of the upper half of

the rota ting plate, and a negative charge on both
s ides of i ts lower ha l f. Areversal of polar ity of

the plate occurs at the l ine P a a P
’

. Sometimes
the reversa l does not occur , and themachine e i ther
loses i ts charge en tirely , or in part . Aconductor
S S, furn ished w i th points, i s sometimes provided
to lessen the chances of lack of reversa l .

M ach ine, Faradic

produc ing faradic currents .

—A machine for

There are two var ieties of faradic machines ,
viz . : magneto -fa radic apparatus and s imple in
duction appara tus .

M ach i ne, Fr ictional El ectr i c —A
machine for the developmen t of electrici ty by
friction .

Afr ictiona l electr ic machine con sists of a pla te
o r cylin der of g lass A, Fig. 360, capable of rota
tion on a hor i zonta l axis.

A rubber formed of a chamois skin , covered
w i th an ama lgam of t in and mercury , i s

placed at B . By the rota tion of the plate the

E137 . 3 6 o . Fr i ct iona l Electr i c M ach ine.

rubber becomes negatively and the glass pos i
tive ly exci ted . An in sula ted conductor D , ca lled

.

thepr ime or pos i t iv e conductor , provided w ith a

[Mac.

comb of poin ts
,
becomes posi tively cha rged by in

duction . T he machine w il l develop electr icity
bes t if a conductor a ttached to the rubber i s con
nected wi th the ground , as by a cha in .

M ach ine, Hol tz —A particular form
of electros tat ic induc tion mach ine. (See
M a ch i ne, Electr osta t i c I nduct i on .)

M achine, Influence —An elec tri cal
mach ine depending for i ts action on elec tro
s ta tic induc t ion .

T he Wimshurs t and Hol tz machines are influ

ence machines: (See M a ch ine
,
E lectrosta tic In .

duction . M a chine, l/Vimshnr s t E l ectr i ca l . M a

chine , Hol tz . )

M achi ne, Influence,
'

Wimshurst’s Al ter-r
nat i ng -An elec tros tat ic induc tionma

ch ine by means of which a series of rap idly
a lterna t ing charges are produced .

Although such a machine furn ishes a torren t of
sparks between i ts termina ls, y et i t i s unable to
furn ish a permanen t charge to a Leyden jar
or condenser, s ince i ts
oscillatory discharges ,
con tinually undo a t any

sma ll in terva l of time ,
wha t w as done a t the

preceding interva l , and

thus leave the jar nu

charged .

M ach ine, M agneto

B l ast i ng —A
magneto-elec tric ma

chine emp loyed for

generat ing the cur

ren t used in electric
3 6 1 . M ag neto

.Electr i c

blas t ing .
M a ch i ne.

M ach i ne, M agneto-El ectri c —Ama

ch ine in w h ich there are no field magnet coils ,
the magnet ic field of the mach ine being due
to the ac t ion of permanent s teel magnets .

Adynamo in which currents are produced by
the motion of arma ture coils past permanen t mag

nets . (See M a chine, Dy namo-E lectr i c. )
Amagneto-e lectr ic machine i s shown in Fig .

36 1 .

Another form of magneto-electric machine i s
shown in Fig . 362.

This latter form of machine i s known as a hand

generator, in con tradistinction to one dr iven by
power and ca lled a power genera tor .
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The field is obtained by means of a number of
separate permanen t magnets so combined as to

Fig . 3 6 2 . [Mag neto
-Electr i c l il a c/zine .

act as a single magnet. T he arma ture i s rota ted
by hand .

M achine, M ouse-M i l l —A form of

convec tion induc tion machine, inven ted by
Sir W i ll iam T homson to act as the replen

isher of his elec trometer . (See M a ch i ne,

Electrosta t i c Induct i on .)

M ach i ne, Rheostat ic
—A mach ine

dev ised by Plan té in which con t inuous s ta t ic
effects of cons iderable intens i ty are obtained
by charging a number of condensers in mul

t iple-arc and discharging them in series .

T he condensers a re charged by connecting
them wi th a number of secondary or s torage ba t
teries .

M ach ine Tel egraph y.
—(See T eleg r aph} ,

III ach i ne.)

M ach ine, Toppl er-Hol tz —Amod i
fied form of Hol t z mach ine in w h ich the

initial charge of the arma tures is obta ined by
the frict ion of meta ll ic brushes aga ins t the
arma tures .

M ach ine, Wimshurst El ectr ical
A form of convect ion electric mach ine in
ven ted by W imshurs t .
Like the Holtz machine, the W imshurst ma

chine i s a convec tion i nduction machine . It is
,

however, more effi cien t in ac tion , and w il l prob
ably soon supersede the former machine . T he

W’imshurst machine cons ists of two she llac-var
n ished glass pla tes tha t are rapidly rota ted in op

pos ite directions . Thin metallic strips are placed
on the outside of each o f the plates , in the radia l
posi tions shown in Fig 363 . These s tri ps act

3 3 5 [M ac.

both as inductors and carr iers ; the carr iers of

one pla te acting as inductors to the other pla te .

Two curved bras s rods , termina ting in finew ire
brushes tha t touch the pla tes , are placed as shown,
one at the front of the pla te, and o ne a t the back,
at right angles to each other . Pa irs of conduct

Fig . 3 63 . The PVz
'

mshurst Electr i ca l M a ch ine.

ors , connected together , provided w i th co llecting
poin ts , are placed diametri ca l ly oppos i te each
other , as shown . Sliding conductors , termina ted
w ith meta llic bal ls , are provided for discharging
the conduc tors . Ic yden j ars, the inner coa tings
of which are connected w i th two discharging
rods , and the outer coa tings together , may be em

ployed in this as in the Holtz machine .

T he exact ac tion of this machine is not thor
oughly understood .

M ach ines, Dynamo-El ectr ic , Var iet ies of
—Dynamo-elec tric machines may be

d iv ided into c lasses accord ing to

( I . ) T he manner in which the magnetism of

the field magnets is obta ined .

T he character of the ir armatures .

T he na tur e of the cur ren t obta ined
,
whether

continuous or a lterna ting .

T he form of their field magnets .

T he na ture of their magnetic field s .

T he manner in which the curren t of the
field magnets. the arma ture and the externa l
circu its a re conn ected .

M ack A term proposed by M r.

O l iver Heav is ide for a un i t of self-induc t ion .

T he termM ack is derived from M axwel l. T he

un i t o f se lf induction ha s a lso been a secohm and

a quadran t .



T he term M ax wou ld seem to be indica ted.

In the Un ited Sta te s th e un i t of sel f-induc tion i s
ca lled a Henry , a fter Prof. Joseph Hen ry . (See

Hen ry , A. )

M ade Ci rcui t—(See Ci r cu i t , M a de.)

M agaz i ne Fuse.
—(See Fuse, Il l ag a z i ne.)

M agne-Crystal l i c Act ion .
—(See Act i on

,

M ag ne Cry sta l l i c.)

M agnet—A body possess ing the pow er
of a ttrac ting the un l ike pole of another mag

net or of repel l ing the l ike pole ; or of a t

tract ing readily magneti zable bodies l ike iron
fi lings to either pole.

Abody possess ing a magnet ic field . (See

T he lines of force are assumed in passing
through themagnetic field to come ou t a t the north
pole of the magnet and to go in a t the south pole .

Al l lines of force form closed magnetic c ircu its . If

a magnetiz able body i s brought in to a magnetic
field , the l ines of magneti c force are concentrated
on i t and pass through i t. T he body therefore be
comes magnetic . T he in tensity of the resul ting
magnetism depends on the number p f lines of force
tha t pass through th e body , and the polari ty on
the direction in which they pass through it .
Amagnetized bar cannot be regarded a s a

source of en ergy in i tsel f. Energy mus t be ex

pended to magnetize the iron , and must a lso be
expended to demagnetize i t.

M agnet , Anomal ous —A magne t
pos sess ing more than two free poles .

T here i s no such thing as a un ipolar magnet .

Fig . 3 6 4 . Anoma lous M ag net .

Al l magnets have two poles. Sometimes, how

ever , severa l magnets a re so grouped tha t there
appear to be more than tw o poles in the same

magnet.

Fzg. 3 65 . Anoma lous M ag net .

T hus , in Fig. 364, the magn etAB C ,
appears

to possess three poles , tw o posi tive poles a t A
a nd C

,
and a cen tra l nega tive pole a t B .

[M ag .

I t i s c lear , however , tha t the cen tra l pole i s in
rea l ity formed of two juxtaposed negative poles ,
and tha tAB C , actually consists of two magnets
w ith two poles to each .

T he magne tAB C D , Fig . 365 , w hich in l ike
manner appears to possess four separa te poles , in
rea lity is formed of three magnets w ith two poles
to each.

Since un like magnetic poles neutra l ize each
other , it i s c lear tha t on ly s im ilar po les can thus be
placed together in order to produce additiona l
magnet poles.

Fig . 3 6 6 . Anoma lous l lfag net .

The s ix-poin ted star shown in Fi g . 366, i s an

anoma lous magnet w i th apparen tly seven po les .

T he forma tion of the centra l N-pole, a s i s eviden t
from an in spection o f the draw ing , i s due to the
s ix separa te north poles , n ,

n
, n , n ,

n
, n , of the

s ix separa te magnets Sn ,
Sn , etc . Such a magnet

wou ld be formed by touching th e star a t th e poin t
N

,
w ith the S-pole of a suffi cien tly powerful

magnet.
T he extra poles are sometimes ca lled consequen t

pol es . Their presencemay be shown by means of

a compa ss n eedle , or by rolling the magnet i n iron
fi lings, which collect on the poles .

M agnet , Art ifi ci al Amagnet pro
duced by induc t ion from another magnet , or
from an elec tric curren t .
Any magnet not found in n a ture is ca lled an

a rtificia l magnet.

M agnet , Ax i al Aname s ometimes

given to a soleno id w ith an axial or s tra ight
core.

M agnet , B el l
-Shaped

—Amodifica

t ion of a horses hoe magnet in w hich the ap

proached poles are s emi-annu lar in shape, and
form a Sp l i t tube.

Bel l-shaped magn ets a re u sed in many ga lva
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of l ines of magnetic force in the field produced
by an electric curren t.

Fig . 3 69. Pola r i ty of Cur ren t .

The direction of thi s polarity may be predicted
by the follow ing modifica tion of a rule byAmpere:
Imagine yourself sw imming in the w ire in the

direction of the current ; if, then , your face i s

turned toward the bar tha t is being magnetized ,
i ts Nor th seeking pole w il l be on your left.

Fig . 3 7 I . Deflect ion of Fig . 3 72 . Dqflect ion of

If, for example, the conductorAB , be traversed
by a curren t in the direction from B , to A,

a s

shown in Fig. 37 1 , the north pole N
,
of the

needle N S, placed under the conductor
, is de

flected, a s show n , to the left of the observer , w ho
i s supposed to be sw imming in the current, fac ing
the needle. If the curren t flow in the oppos ite

di rection, as fromA, to B ,
as shown in Fig . 372,

the N,
pole of the needle i s deflected a s shown ,

but s ti l l to the left of the observer supposed to be
swimming as before.

In any electric c ircuit, the l ines of magnetic

force, produced by the passage of the curren t, form
circles around the c ircu i t in planes at right angles
to the direction of the curren t

,
a s shown in Fig.

373 . T he direction of these l ines of force IS the
same as tha t of the hands of a w a tch , if the cur

ren t be supposed to flow away from the observer .

(See Field, M agneti c, of an E lectr i c Current . )

Remembering now tha t the lines of force are

supposed to come out a t the nor t/zpole of amagnet,
and to pass in a t the south pole, it i s eviden t that
i f the curren t flow s in the direction shown in Fig.

Fig. 3 7 4 . Di r ect ion of Lines of For ce.

3 74 , the l ines of force w il l come. out at the no
'

rth
pole and pass i n a t the south pole.

Since in a r ight-handed helix the w ire passes
a round the axi s in the Oppos ite d irec tion to tha t
i n which i t pa sses in a left-handed hel ix , i t is
eviden t tha t the helices shown in Fig. 3 75 at I ,
and 2, w ill produce Opposite polarities a t the

poin ts of en trance and exit by a. curren t flow ing
m

’

the direc tion of the arrow s.

If the curren t be sen t through the r ight -handed
helix , shown at I , from b , to a ,

tha t i s , from the

left to the r igh t in the figure , a sou th pole w ill be
produced a t b, and a nor th pole a t a . I f, how

ever , i t be sen t from a ,
to b, the polar ity w ill be

reverS
f d .

I f the curren t be sen t through the left-handed
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'

helix , shown at 2, from a , to b, that is , from the left
to the r ight in the figure, a north pole w ill be pro

.duced at a , and a south pole a t b. If, howev er , i t
be sen t in the oppos ite direc tion , the polar i ty w il l

"

be reversed .

Therefore, in an electro-magnet, on the core

of which several layers or th icknesses of w ire are

wound, in which the curren t flow s through one

layer , in , say a direction from right to left, the cur
ren t mus t return through the nex t layer in the
opposite direction , or from left to right. T he

p olar i ties of the same extremi ties of the helices
a re, however, the same in a l l ca ses , s i n ce t/ze

l ay er s a re succes s ively r ig/i t and left ha nded

to the curren t . T he w inding shown at 3 , pro

d uces consequent poles .

T he follow ing laws express th e more importan t

p rinciples concern ing electro-magnets :
T he magnetic in tensity (strength) of an

e lectro-magnet i s near ly p roportiona l to the

strength of the magnetiz ing curren t
,
provided the

”core i s not saturated.

T he magnetic s trength is proport iona l to
the number of turn s of w ire in the magnetizing
acoi l ; that is, to the number of ampere turn s . (See

Turns
,
Ampe

‘

r e. )
T he magnetic s trength i s independen t of

the th ickness or ma teria l of the conducting w ires .

These laws may be embraced in the more gen

e ral sta temen t tha t the strength o f an e lectro

F ig . 3 7 5 . Rig i d-Ha nded , Lef t-Ha nded a nd Anom a lou s

m agnet, the s ize of the magnet be ing the same,
i s proportional to the number of i ts ampere turn s .

{S
e
e Turn s

, Amper e . )
Ashor t in terva l of time i s requ ired for a cur

ren t to thoroughly magn e t ize a powerfu l e lec tro
magnet.
Afew momen ts are a lso requ ited for a pow er

f' i l magnet to thoroughly lose i ts magnetism . At
the same time electro magnets a re capable of

.a cqui r ing or losing their magnetism w ith very
g rea t rapidity . It i s , in fact, on this abil ity pos
s es sed to so remarkable a degree l~y soft iron , tha t

M ag.

the va lue of an electro-magnet for many purposes
depends . (See Lag , M agnet ic. )
Adifference exists between the ac tion of a mag

neti zed disc and a hollow coi l of w ire through
which a curren t of electricity i s passing . SO

far as the space outside ei ther i s concerned , the
action is the same, but the co il is penetrable on

the inside and the disc i s not, and for the inside O f

the space, therefore , there is a difference in the ac
ti on .

M ag net , El ectr o, B ar —An electro
magnet, the core of wh ich is in the form of a

s traight bar or rod.

M agnet, El ectro, Cyl indr i cal —An
elec tro-magnet , the core of w hich cons ists of

a hollow cyl inder p rovidedwi th a s lot extend
ing parallel to i ts ax is .

T he gap in the cylinder suffices for the placing
of the magnetizing co ils , and forms the poles .

This form of electro-magnet w as devised by
Jou le . Its construction w ill be understood from
an inspection of Fig . 3 76 .

M ag net , El ectro, Horseshoe —An
elec tro-magnet , the core of which is in the

shape of a horseshoe or U .

M agnet, El ectro, Hughes
’ An

electro-magnet in w h ich a U-shaped per

manen t magnet is prov ided w ith pole p ieces
of soft iron , on w h ich on ly are p laced the

magnetizing co ils .

A quick ac t ing elec tro-magnet , in w h ich
the magnet iz ing co ils are p laced on soft iron
pole p ieces that are connected w i th and form
the prolonga t ions of the poles of a permanen t
horseshoe magn et .

l l ughes devised this form o f electro-magnet in
o

"der to Obta in the be at efiec ts from curren ts of

but shor t dura tion .

He thus obta ined a qu l ck acting magnet, meces
s ary to insure the success of h is system o f prin ting
telegraph , where the magnetiz ing cur ren ts a t

times have a dura tion of but the .20 of a second .
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M agnet, El ectro, Joul e
’
s Cyl indr ical

—An electro-magnet prov ided w ith a

hollow cylindrica l core. (See M ag net , Elec

tr o, Cy l i ndr i ca l .)
M agnet, El ectro, Iron-Cl ad —An

electro-magnet w hose magnet izing coi l is

almos t entirely surrounded by iron.

T he effect of the iron cas ing is to grea tly re
duce the magnetic re

sistance of the c ircu it .
Aform of iron-clad elec
tro-magnet i s shown in
Fi g. 377. Here one of

the poles i s connected
w ith a casing of iron ,

externa l to the coils , and
is thus brought nearer to
the other pole.

M agnet , E lectro,
Long-Core —An electro-magnet w ith
a long core of iron .

Fig . 3 7 7 . Iron Clad

Electro M ag net

A long-core electro-magnet magnetizes and

demagnetizes much more slow ly than a short
core electro-magnet.

M agnet , E l ectro, Shor t ~Core —An
elec tro-magnet w i th a short core of i ron .

Ashor t-core electro-magnet possesses the power
of beingmagnetized and demagnetized much more
rapidly than a long -core magnet .

M agnet , El ectro, Yoked-Horseshoe
—A horseshoe elec tro-magnet , in w h ich the
tWO

'

s traight l imbs a re formed of two s tra igh t
rods or ba rs , yoked together a t one pa ir of

ends by a yoke or bar of iron .

In some cases the magnetiz ing co ils are placed
on each of the limbs . Sometimes , how ever, a

s ingle coi l is p l aced a t the m iddle of the yoke
and the l imbs a re le ft bare .

Even w ith the closes t poss ib le fi l t .ng the re

s istance of the magnetic c ircu it is much grea ter
in this form of electro-magnet , ow ing to the

sma ller permeabili ty of the a i r gap a t the joints
,

than i t wou ld be i f the en tire core w ene made of a
s ingle piec e of iron . Ayoked electro magnet is ,
however, more conven ien t to make and use .

M agnet , El ectro, Zigzag —Amul ti
polar electro-magnet , the magnet izing coils
of which are separa tely wound in grooves
cut in the face of s tra ight or curved bars .

A form of zigzag electro.magnet devised by
Joule is shown in Fig. 378. T he spiral char
acter of the w inding
produces the al ternate
North and South polar i
ties shown in the figure.

M agnet , Equator of

-A point ap
prox imately midw ay
between the poles of a
s traight bar magnet , or FIZ? 3 78 Zigzagm m ,

nearly
.

midway from M ag net

the poles of a horseshoe magnet if meas

ured al ong the bar from each pole.

This term w as proposed by Dr . Gi lbert . It is

now a lmost en tirely displaced by the term neutra l

poin t .

M agnet , High-Resi stance —A term .

sometimes used in p lace of long-coil magnet

w hose coi ls have a h igh electric res is tance.

(See M ag net , Long
-Coi l .)

T he term long-coi l magnet i s, perhaps, the prev

ferable one, becau se the res istance of a coi l , per
“

s e, has nothing to do w ith i ts magnetizing power,
w hich is determined by i ts ampere turns . (See
Turns

, Ampere. M agnet , Long Coi l . )

M agnet , Horseshoe —Amagnetized
bar of s teel or iron bent in the form of a

horseshoe or letter U .

M agnet , Iron-Cl ad -Amagnet w hose .

magnet ic res is tance is lowered by a cas ing of

iron connec ted w i th the core and prov ided for '

the passage of the l ines of magnet ic force

(See M ag net , Tnon la r .)
M agnet , Jacketed —A term some

t imes applied to a form of iron-clad magnet .

(See M ag net , I r on
-Clad .)

M agnet , Keeper of —Amass of soft .

i ron app l ied to the poles of a magnet through
w h ich its l ines of magnetic force pass . (See

F i eld , M ag net i c .)
T he keeper of a magnet differs from i ts a rma

tur e in tha t the keeper while ac ting as such is
a lways kept on the poles to preven t loss of mag

netization , w hile the arma ture, bes ides acting as

a keeper , may be a ttracted towards , or , i f an
electro-magnet, be repel led from the magne t
poles . While performi ng i ts functions the keeper
i s a lways fi xed ; the armature genera lly ,

though
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w hose arma ture is emp loyed to bring a local

ba t tery into ac t ion a t the receiving s ta tion ,

the current of w h ich opera tes the regi s ter or

sounder.

M ag net, Shor t-Coi l -An elec tro
magnet w hose magnet iz ing coil cons is ts o i a

few turns of short , th ick w ire.

M ag net, Simpl e

net ized bar.

T he term s imple magnet i s u sed in contradis

t inction to compound magnet . (See M agn et ,

Compound . )

M ag net, Slugg i sh
—Amagnet tha t

magnetizes or demagnet i zes s lugg ish ly .

An elec tro-magne t becomes s lugg ish when sur

rounded by a sheathing of copper , on accoun t of
the curren ts induced in the shea thing in a direction
oppos ite to those passing through themagnetizing
c oi l .

M agnet, Sol enoidal
—A th in , un i

formly magnet ized s traigh t bar of s teel , of
such a length tha t its poles , s i tua ted at ex

tremit ies or end s of its longer a xis , act on

externa l Objec ts as if equal and oppos i te quan
t it ies ofmagnetism were concen tra ted at such
extremi t ies .

—A s imple mag

It derives i ts name solenoida l from the s imi
laxity between i ts action and that of a solenoid .

Unless very carefu lly magnetized, a magnet w il l
n ot act as a solenoida l magnet . (See M agnet ,

E lectra . M agneti sm,
Solenoida l D i s tr ibution of . )

M agnet , Tubul ar —Aform Of horse
s hoe magnet , in wh ich one pole is brough t
near the Oppos ite pole by a hol low cylinder
o r tube of iron , w h ich is p laced in contac t
w ith one of the magnet ic poles , so as to com

p letely surround the other, except in the p lane
o f cross-sec t ion of tha t pole.

Aform of iron-clad magnet.
n et , I ron-Cla d .)

There i s thus obta ined a magnet, w i th two

concen tri c poles , one sol id and the other annu lar ,
‘

the portative power of which is much greater than
tha t of a horseshoe magnet of equal dimensions .

(See M ag

M ag net , Fi el d , of Dynamo-E l ectr i c M a

ch ine —O ne of the elec tro-magnets em
p loyed to produce the magnet ic field of a dy
n amo-electric machine.

[Mag

T he field magnets consist of a sui table f rame,
or cor e

,
on whi ch the fi eld magnet coi l s are

wound .

T hefi eld magnet cores are made of th ick and

sol id iron , as soft as possible. They should con
ta in plen ty of iron in order to avoid too ready
magneti c sa tura tion .

Al l edges and corners are to be avoided , s ince
they tend to cause an irregular distr ibu tion o f the

fi eld .

T he field magnets should in genera l have suffi

c ien t magnetic s trength to preven t the magnet
i zing effect Of the arma ture from unduly influ
encing the fi eld, and thus, by causing too great a
l ead, produce injurious spa rking .

M agnet ic or M agnetical .—Pertaining to

magnetism .

M agneti c Adherence.
—(See Adnerence,

M agnet icAi r Ci rcui t.—(See Ci r cu i t ,Ai r ,

M agneti c Ai r Gap—(See Gap ,Az
’

r , M ag

n et i c.)

M agneti c Attract ion .
—(See Attr a ct i on ,

M ag net i c.)

M agnetic Axi s.—(SeeAx i s , M ag net i c .)
M agnet ic Axi s of a Stra ight Needl e.

(SeeAx i s , M ag net i c, of a Str a zgnt Needle.)

M agneticAz imuth—(SeeAz z
‘

mut/z, M ag

net i c .)

M ag net ic B attery.
—(See B a ttery , M ag

net i c.)

M agnetic B r i dge.
-(See B r i dg e, M ag

n et i c.)

M agnet ic Ci rcui t—(See Ci r cu i t , M ag
net i c.)

M agnet ic Cl osed-Ci rcui t.—(See Ci r cu i t ,

Closed M ag net i c.)

M ag net i c Conductance.
—(See Conduct

a nce, M ag net i c .)

M agnet ic Core, Cl osed —(See Core,
Closed-M ag net i c .)

M ag net i c Core, Open —(See Cor e,

Open-M ag net i c .)

M ag net ic Coupl e.
—(See Couple, M ag

net i c .)
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M agnetic Curvea—(See Curr/es , M ag

M agnetic Day of Di sturbance.
—(See D ay

of D i sturba nce, M agnet i c .)

M agnetic Dec l i nat ion—(See D ecl i na

t ion .)

M agnet ic Dens i ty.
—(See D ens i ty , M ag

neti c.)
M agnetic Dip.

—(See D ifi , M ag n et i c.)

M agnetic El ements of a Pl ace.
—(See

E lemen ts , M ag neti c , of a Pla ce.)

M agnetic Equal izer.
—(See Equa l i zer ,

M agnet ic Explorer . (See Exp lorer ,

M ag net ic.)

M agnet i c, Ferro —M agnetic after
the manner of iron or other paramagnet ic
body . (See Pa r amag net i c.)

M agneti c Fi el d .
—(See F i eld , M ag net i c .)

M agnet ic Fi el d, Revers i ng — (See
F i eld , M ag net i c, Rev er s i ng .)

M agnet ic Fiel d Shi fting

F i eld , M ag neti c, Snift i ng .)
M agnet ic Figures

— (See F ig ur es , M ag

M agneti c Fi l ament. (See F i l amen t ,

M ag net i c .)

M agnet i c Flow
- (See Flow , M ag neti c .)

M agnet ic Flux.
—(See F lux , M ag net i c .)

M ag net ic F0rce.
—(See For ce, M ag net i c.)

M agnet ic Incl inat ion—(See I ncl i na t i on ,

M ag neti c.)

M ag net ic Induct ion .
—(See I nduct i on ,

M agnetic Induct ion , Dynamic

(See I nduct i on , M ag net i c , Dy nami c .)

M agnet ic Induct ion , Stat i c

I nduct i on , M ag neti c , Sta ti c.)

M agnetic Inert ia—(See Iner t i a . M ag

n et i c .)

M agnet ic

M ag net i c.)

M agnet ic JO i nk—(Seejoin t , M ag net i c.)

Intensi ty. (See I n tens i ty ,

[M ag.

M ag net ic Lag
—(See Lag , M ag net i c.)

M agnet ic La t i tude.
—(See La t i tude , M ag

n et i c .)

M ag net ic Leakage.
—(See L eakag e, M agg

n et i c .)

M agnet ic Lines of Force.
—(See For ce,

M ag net i c , L i nes of .)

M agnetic M ass.
-(See 111 61 3 5 , M ag net i c .)

M agnet ic M emory.
—(See M emory , M ag

net i c.)

M ag netic

M ag net i c .)
M agnet ic M oment—(See M oment , M ag

net i c .)

M ag netic Normal Day . (See D ay , Nor

ma l , M ag neti c.)

M er id ian .
-(See M er i d i a n ,

M ag netic Observatory —( See Gosm a

tory , M ag neti c .)

M ag net ic Output — (See O utput , M ag

neti c.)

M ag net icParal l el .
—(SeePa r a l lels , M ag

neti c .)

M agnet ic Permeabi l i ty.
—(See Permea

bi l i ty , M ag net i c.)

M agnet ic Permeance.
—(See Permeance,

M ag net ic Permeation.
—(SeePermea t i on ,

M ag neti c .)

M ag netic Pol es.
—(See Poles , M ag neti c.)

M agnet ic Pol es, Fal se —(See Pole,
M ag net i c , Fa lse.)

M agnet ic Proof Pi ece.
—(SeePi ece, M ag

net i c Proof .)

M agnet ic Proof Pl ane.
—(See

Proof , M ag net i c.)
M agnet ic Rel uctance.

-(See Relucta nce,

Pla ne,

M agnet ic Repul sion .
—(See Rana /s i on ,

M ag net i c .)

M agneti c Resi stance—(See Res i sta nce,

M agnet ic Retardation—(See Reta rda

t i on , M ag net i c.)
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M agnetic Retent i vi ty.
—(See Retent i fo i ty ,

M agnetic Saturati on .
—(See Sa tura ti on ,

M ag net i c.)

M agneti c Screen or Sh i el d.
—(See

Screen or Sit i eld , M ag net i c.)

M agnetic Screen ing—(See Screen i ng ,

M ag neti c.)

M agnet ic Sel f-Induct ion .
—(See Induc

t ion , Self , M ag net i c.)

M agnetic Shel l s.
—(See Snel ls , M ag net i c .)

M ag netic Shunt—(See Snun t, M ag net i c .)

M ag net i c, Si dero
—Aterm proposed

by S. P. T hompson to replace the term ferro
magne tic . (See M ag neti c, Fer ro.)
M agnet ic Sol enoi d.

—(See Solenoid , M ag

neti c .)

M agnet ic Sounds.—(See Sounds , M ag

net i c .)

M agnet ic Spin—(See Sp in , M ag net i c .)

M ag neti c Storm.
—(See Storm, M ag

net i c .)

M ag netic Strain .
-(See Str a i n , M ag

n et i c .)

M agnetic Stress.—(See Str ess , M ag net i c.)

M agnet i c Susceptib i l i ty.
—(See Suscep t i

M agnet ic Theodol i te.
—(See Tneodol i te,

M agnet ic Un i t Pol e.
—(See Pole, Un i t ,

M ag net i c .)
M agnetic Un i ts.

—(See Un i ts , M ag n et i c .)

M agnet i c
-Vane Ammeter .

—(See Amme
ter , M ag net i c Va ne.)

M agnet i c-Vane Vol tmeter .
—(See Vol t

meter , M ag net i c Vane.)

M agnet ic Vari at ions.—(See Va r i a t ion ,

M ag n et i c.)

M agneticVar i at ion T ransi t—(See Tr an
s i t , M ag net i c Va r i a t i on .)

M ag net i c Var iometer .
—(See Va r iometer ,

M ag net i c.)

M agnetic ,

Vi scos i ty .
—(See Vi scos i ty ,

Fig . 3 80. M ag netz
'

zcd

B a r (af ter Ampere) .

M agnetic Whi rL—(See Wni r ls , M ag
net i c .)
M agnetic Whir l , Expanding
W/t i r l , M ag net i c, Expandi ng .)

M agnet i cs, El ectro T ha t branch
of electr ic science which trea ts of the rela

t ions tha t ex ist between electric circuits and

magnets .

M agneti sm.
—Tha t branch of sciencewhich

treats of the na ture and properties of mag

nets and the magnet ic field . (See F i eld ,

M ag net i c.)
Aproperty or condition of matter a ttended

by the exis tence of a magnetic field .

M agneti sm, Ampere
’
s Theory of A

theory or hypothes is proposed by Ampere, to
account for the cause of magnetism, by the
presence of electric curren ts in the ul timate
part icles of matter.

Fig . 3 79. Unmag netiz ed

B a r (af ter Ampere) .

This theory assumes
( I . ) Tha t the ultimate particles of al l magneti

zable bodies have c losed electr ic c ircuits in which
electric curren ts are con tinua lly flow ing .

Tha t in an unmagnetized body these cir

cu its n eutra lize one another because they have
differen t d irections .

Tha t the a ct of magnetization consists in
such a polarization of the par ticles as w ill cause
these curren ts to flow in one and the same d irec

tion , magnet i c sa tur a t ion being reached when al l

the separate c ircui ts a re para lle l to one another .

Tha t coer civ e f orce i s due to the res istance
these c ircuits ofi

’

er to a change in the direc tion
of their planes .

Figs . 379and 380 show the circular pa ths of
some of these c ircui ts . Fig. 379 show s the as
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this il lumi ned area , produces, in Prof. B iglow
’
s

Opin ion
,
those d ifferences in the direction and in

ten si ty of the magnetic l ines of the ear th’s field
tha t correspond to diff erences in the earth’s mag
netic in tens ity, declinati on and inc lination.

It w il l be observed tha t in a l l these theor ies the
sun i s the prime factor in the produc tion of the

earth’s magnetism.

T he eviden t connection between the ear th ’
s

magnetism and the solar radia tion i s established
from the well known connection between the so

call ed magnetic storms and var iations in the in

tensity oi the ear th’s magnetism.

M agnetic storms are a lways a ttended by out

bursts of solar energy , known techn ica lly as

sun s pots. Aser ies of observa tions on the num

bers and frequency of sun-spo ts , plotted in the
form of a curve, the ordina tes of which represen t
the times of occurrence of the spots and the

absc issas , the number of such spots , prove tha t
such curve agrees , in a. remarkable manner , w ith
a s imi lar curve representing the varia tions of the
ear th’s magnetic field .

An eviden t connection , too, exists between the
earth’s magneti sm and the preva lence o f the

aurora boreal is .

M agneti sm,
El ectro -M agnetism

produced by means of electric currents .

T he discovery by O ersted, in 1820, of the ac .

ti on of an elec tr ic curren t on a magnetic needle ,
was almost immedia tely fol lowed by the s imu l
taneous and independent discover ies by Arago
and Davy, of the method of magnetizing i ron

by
-the passage of an e lectric curren t around it.
These observa tion s w ere fi rs t reduced to a

tneory by Ampere. (See M agnet i sm, Amper e
’
s

Tlzeory of . M agnet , El ectro. )

M agneti sm, Ewing
’
s Theory of —A

theory of magnet ism p roposed by Prof
Ew ing , based on the assumpt ion of orig ina lly
magnet ized particles .

Ewi ng
’
s theory of magnetism assumes that th e

ul timate par ticles of ma tter are na turally mag .

neti c and possess polari ty. In this respect Ew ing
’
s

theory agrees w ith the theor ies of Hughes and

Weber. Ewing does not believe, however , in the
necess ity for the assumption of any arbitrary re

stra in ing or constra in in g force to the movemen ts
of these u l tima te magnetic particles other than
those due to their own mutual magnetic attractions
and repu lsions . He assumes tha t in a magnet,

[M ag.

the centres abou t which the molecular magne ts
rota te are maintained a t cons tan t dis tances from
one another , save on ly as they are aff ected by the
action of s train .

He has experimen tall y demon strated the pr in
ciples of h is theory by means of a mode l in w hi ch
a number of smal l magnetic n eedles are so sup

por ted as to be capable of free motion in a hor i
zon tal plane, when under varying magnetic
forces .

According to Ew ing, “ magnetic hysteres is
i s not the resu lt of any quas i-fr ictiona l res is tance
to molecu lar rota tion , but arises from a. molecule
moving from one position of stable equil ibr ium to

another pos it ion of stable equ ilibrium through a

pos ition of unstable equ i librium.

“ This pro
cess ,

”
says Ew ing, “

con s idered mechan ica l ly , is
not reversible . T he forces are differen t for the
same displacemen t , going and coming, and there
i s diss ipation of energy . In themodel

,
the energy

thus expended sets the l i ttle bars sw inging , and
their sw ings take some time to subside. In the

actua l sol id, the energy which the molecu lar
magnet loses as i t sw ings through unstable pos i
tions, genera tes eddy curren ts i n sur rounding
ma tter . Let the magnets of the mode l be
furn ished w ith a ir vanes to damp their sw ings
and the correspondence i s complete .

In Hughes
’ modifica tion of Weber ’s theory of

magne tism, i t w as held, tha t w hen magneti zed
i ron was sudden ly demagnetized by tors ion or

flex ure , i t lost i ts magnet
-
z a ti on because the mo

lecularmagnets came to rest in c losed chams ,wni cb
produced no externa l effects . Experimen ta ti on
w ith Ew ing

’

s model of a magnet show s tha twhen
the separate magnets after having been placed in
any particulargrouping are permitted to come to
rest free from any externa lmagnetic force, they do
not arrange themselves in c losed cha ins, but in

genera l the tendency appears to be the formation
of l ines cons isting of two, three or more magne ts
each member of a l ine be ing strongly control led
by its nex t member in tha t l ine, but influenced
by the neighbors which l ie o ff the line on e i ther
s ide .

T he fact that a given force, suddenl y applied ,
produces more magnetic induction than when

gradua lly applied , and leaves less res idua l mag

neti sm when suddenly than w hen gradua lly re

moved i s presumably due to the inertia of the

molecules .

The influence of mechan ica l vibration in in

creas ing the magneti c susceptibi li ty and decreas
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ing the magnetic retentiveness, is ascri bed by

Ewing to the fact tha t the vi brations cause

periodic varia tions in the distances between the
centres of rota tion of the magnetic molecules ;

thus making themolecular magnets respond more
readi ly to changes of magneti c force dur ing the
time they are moving away from one another ,
when their magnetic stability is less , but also ih
crea s ing the ease w i th whi ch they respond to
changes of magnetic force, by causing them to

sw ing.

Ew ing discusses the theoretica l effects of tem.

pera ture on magnetism as follows , viz . : Suppose
a modera te magneti zing force to be applied so

tha t nothing li ke sa tura tion is obta ined , if now
the tempera ture be ra ised ; then

( I .) T he magnetic permeability increases un til
the tempera ture reaches a certa in (high) cr i tical
va lue.

At this temperature there is sudden ly an
almost complete disappearance of magnetic
qua l i ty.

He explains these facts as follows , v i z . : An
i ncrease of temperature by increasing the distance
between the molecular centres causes a decrease
in their stability .

T he loss of magnetic qual ities , when a certa in
tempera ture i s reached , i s , he bel ieves , due to the
fact tha t at such tempera tures the magnetic
molecules are set in to actua l rota tion , when ,

na turally , a l l traces of polarity would disappear.

Ew ing
’
s theory of magneti sm a lso accoun ts to

a cons iderable exten t for the effects of stress and

con sequen t elastic stra in on the magnetic qua l ities
of iron , n ickel and coba l t.
T he fol lowing genera l summary of h is theory

is taken ma in ly from Prof. Ew ing
’
s or ig ina l

ar ticles as published in the your na l of ti n Soci ety
of Ar ts : 0

That in con sidering the magneti zation of

iron and other magnetic meta ls to be caused by
the turn ing of permanen t molecu lar magnets , w e
may look simply to the magnetic forces which
the molecular magnets exert upon one another a s
the cause of their directiona l stabili ty . There is
no need to suppose the existence of any quasi
ela stic directing force, or any quas i-frictiona l re
s istance to ro ta tion .

(2. Tha t the intermolecular magnetic forces are
suffi cien t to accoun t for a ll the genera l charac ter
i st ics of the process o f magnetization , including
the var iations of sus ceptibility which occur a s

the magne ti zing force i s increased .

[Mag.

That the in termolecular magnetic forces
are equally competen t to accoun t for the known
facts of retenti veness and coercive force, and the
characteris tics of cyclic magnetic processes .

Themagnetic hysteresis and the dissipation
of energy which hysteres is i nvolves are due to

molecular instabili ty , resul ting from in termolec

ular magnetic actions, and are not due to any

thing in the nature of frictional res is tance to the

rota tion of the molecular magnets .

Tha t this theory isw ide enough to admi t an
ex planation of the differences in magnetic qual ity
whi ch are shown by d ifi

'

erent substances , or by
the same substance in differen t s ta tes .

Tha t i t accoun ts in a genera l way for the

known effec ts of vibra tion ,
of tempera ture, and

of stress , upon magnetic qua lity .

(7 ) Tha t , in par ticular , i t accoun ts for the

known fact tha t there is hysteres is in the rela tion
ofmagnetism to stress.

Tha t i t further explains why there is in
magnetic meta ls hysteresis in phys ica l quality
general ly w ith respect to s tress .

That, in con sequence, any (not very small )
cycle of stress occur r ing in a magnetic metal in
volves di ssipation of energy.

I t can be demonstra ted by means of experi

ments w i th a mode l constructed according to

Ew ing
’
s hypothesis , tha t this hypothesis comes

nearer than any which had been proposed before
i n expla in ing the follow ing effects :
( I . ) T he behavior of a piece of iron when

placed in a magnetic field whose s trength is made
to pass through a cycle of changes.

Tha t nearly a l l reversals of sign on the

change of the magnetizing force are accompan ied
by sma l l changes in the magneti za tion .

Tha t a piece of iron submitted to v ibra
t ion s or mechan ica l shocks , is magnetized and

demagnetized more readily and w i th a sma ller
hysteresia l area than i f i t had rema ined undis
turbed by V ibra tions .

T he phenomenon of “ time lag
netization.

T he phenomena of stress , both those which
occur when a body has firs t been placed in a

magnetic field and the stress made to vary
, and

those which occur when a body i s firs t placed in
a constan t stress and the magnetizing force is
made to vary .

T he effects of heat on magnetiza tion , both
as regards the effect of comparatively low hea ting
on increase of magnetic susceptibility , and the

in mag
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effect of excessive heating to decrease the sus

eeptibili ty .

T he author i s indebted for the above summary
of demonstrable facts to a paper recently read be
fore the E lectr i ca l Section of the Fr an/din Ins ti

tute, by Prof. Henry Crew .

M ag net i sm, Flux or Fl ow of —T he
quant i ty of magnet ism, or the number of

l ines of force w hich pass in any magnetic
c ircui t under a gi ven magneto-motive force,
agains t a given magnetic reluctance.

M agneti sm, Gal vano —Aterm some

t imes used for electro-magnetism.

Electro-magnetism is by far the preferable
term, and is a lmost un iversa lly used in the Uni ted
Sta tes .

M agneti sm, Hor i zontal Component of

Earth’s —(See Componen t , Hor i zon ta l ,

of Ea r tfi
’

s M ag net i sm.)

M agnetism, Hughes
’ Theory of —A

theory propounded by Hughes to a ccoun t for

the phenomena O f magn etism apart from the

presence of electric curren ts .

Hughes
’ theory, or , more strictl y speaking,

hypothesis of magnetism , though very s imilar to
tha t ofAmpere, does not assume the improbable
condition of a constantly flow ing electr ic curren t.
Hughes

’ hypothes is assumes :

( I . ) That the molecules of matter , and
, per

haps, more probably , the a toms, possess n atura lly
O pposite magnetic polar i ties , which are respect
ively and or N and S

,

That these molecu les , when arranged in
c losed chains or c ircu its , are capable of neutral
i zing one another so fa r as external action i s con
cerned .

1: e u 3

"s n s n 3
71.

Fig . Closed M olecu la r Cha in .

Two such arrangements or groupings are

shown in Figs . 38! and 382. It w ill be observed
that the magnetic cha in or c ircuit i s complete,

and tha t, therefore, the substance can possess no

magneti c properties so far as externa l action is
concerned.

i f wiw
'

ii ii- i-fl i-i i -ii
Closed Grouping s .

.

d
—S

Fig . 3 82.

Tha t the act of magnetiza tion con sists in
such a rotation of the molecu les tha t a pola r i za
t ion of the substance i s effected—tha t i s , the
molecu les are rota ted on their axes so tha t one set
of poles tend to poin t in one direction and the

other set of poles in the Oppos ite direction .

Pa rtia l magnetization con sists in partia l polar i
z ation . M agnetic sa tura tion i s reached vi hen the

polar ization is complete . (See Sa tur a t ion , M ag

net i c. )
Coer cive f or ce is the res istance the body Offers

to the polariza tion or rota tion Of i ts molecu les .

(See Force, Coer cive . )
Hughes

’ hypothesis of magnetism would ap

pear to be strengthened by the follow ing facts :
( I . ) Abar of steel or iron i s sens ibly elonga ted

on being magnetized . This would na tura lly re
sul t i f the molecu les be supposed to b e longer in
one direction than in any other .

Atube , furn ished a t its ends w .th plates of
flat glass and fi lled w i th water con ta in ing finely
d ivided magnetic oxide of iron , i s nearly Opaque
to l ightwhen unmagnetized ,

but w ill permi t some
l ight to pass through it when magne tized .

Amagnet, i t cu t a t i ts neutra l poin t
,
w ill

possess Oppos ite polarities at the cut ends ; and ,
n o ma tter to wha t exten t this subdivision i s car
r ied , the par ticles w il l still possess Oppos ite polar
i ties .

These facts are, however, a lso expla ined by
Ampere’s hypothesis of magneti sm ,

w i th, how
ever , the improbable assumption o i a constan tly
flow ing curren t in each molecu le .

T he follow ing exper imen t by Von Betz tend s
somewha t to confirm Hughes

’ hypo thes is :
He placed a powerful horseshoe magnet in a

solu tion of iron and deposi ted a bar or pla te of

meta ll ic iron betw een the poles by elec trolysis .

Here the molecu les , a t the time Of their depos i
tion , w ere subjected to a pola rizing force w hich
tended to pla ce them al l in the same direction ,

and , as the solution from w hich they w ere O h

ta ined permitted grea t freedom of motion , they
were al l presumably depos ited in l ines parallel t
one another . When this bar of iron w a s subs
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M ag net i sm, Terrestr ial —A name

appl ied to the magnet ism of the earth .

Terrestr ia l magnetism has been ascribed to a

var iety of causes. (See M agnet i sm, Ea r th’s
,

Tneor ies a s to Cause of . )

M ag net i sm, Vert i cal Component of

Earth
’
s Componen t , Ver t i ca l ,

of Ea r tn
’

s M ag n et i sm.)

M agneti te .
—M agnet ic ox ide of iron , or

Fe3 04 , found in na ture , a s an ore or mineral .
Lode-stone consists of pieces of magnet ized

magnetite.

M agnet i zabl e.
—Capable of being magnet

ized after the manner of a paramagnetic sub

s tance l ike iron .

T he most magnetizable metals are iron ,
n ickel ,

coba lt and manganese. (See Paranzagn et i sm.)

M agnet ization—T he act of ca l l ing out or

of endow ing w i th magnet ic properties .

M agneti zable subs tances are magneti zed by
being placed in magnetic fields . (See Fiel d , M ag

neti c. M agn et i za t ion ,
M et/zods of . )

T he act of in itia l magnetiza tion i s not exactly
the same as the act of subsequen t magneti za tion .

Apiece of steel , which has once been magnet
ized and subsequen tly demagnetized , is a thing en
tirely distinct, as regards i ts magnetization ,

from
a piece of steel which has never before been mag

netized , and such a piece can never be placed ex

actly in the same posi tion a s regards a magnet
izing force , un less i t is actually melted and recast,
or, perhaps , ma in ta ined for a comparatively long
t ime at a wh ite heat.

M agneti zation , Anomal ous —T he
magnetiza t ion Obtained from an osc il la tory
d ischarge, such as tha t of a Leyden jar.

In 1842, Henry descr ibed the
'

real character of
anomalous magnetiza tion , and showed tha t there
was noth ing anoma lous in suchmagnetiza tion , but

rather in the fact tha t the magnetizing currents
possessed no s imple direc tion . He remarks on

th is subject a s follow s :
“ This anoma ly , which has rema ined so long

unexpla ined , and which, a t fir st s ight, appears a t
var iance w i th a l l our theoretica l ideas of the con

nection o f electric ity and magne tism ,
w a s , a fter

considerable s tudy , satisfactori ly referred to an

action of the discha rge o fa Leyden jar which had
never before been recogn ized . T he d ischarge,

[Mag

wha tever may be i ts nature, isnot correctly rep «

resen ted (employing the s implici ty of Franklin )
by the s ingle transfer of an imponderable fluid
from one s ide of the jar to the other ; the phe
momena requ ire us to admi t the existence of a

princ ipa l discharge in one direc tion and then
severa l reflex action s backw ard and forw ard

, each
more feeble than the preceding , unt il the equi
l ibrium is obta ined . Al l the facts are shown to
be in accordance w ith the hypothesis , and a ready
explanation is afforded by it of a number of phe
nomena w h ich are to be found in the ol der works
on elec tr icity , but which have un ti l thistime re

ma ined unexpla ined .

”

M agnet izati on by Tonch .
—T he produc

t ion of magnet ism in a magnetizable sub

s tance by touch ing it w ith a magnet .
There are three methods of magneti za tion by

touch
,
v iz

S ingle touch .

Separa te touch .

Double touch .

In s ingle touch , the magnetiza tion of a bar of

iron or other magnetizable mater ia l is effected by
the touch of a s ingle magnet .
In Single Touch , the magneti zing magnet i s

drawn over the bar to be magneti zed from end to

end and returned through ai r, the stroke being
repea ted a number of times. T he end of the :

bar the magnet leaves i s magnet ized opposi tely
to the magnetizing pole.

By some w r iters the method of single touch is
descr ibed a s tha t effected
by placing the magnet
i zing magnet N S (Fig .

384) on the m iddle of

the ba r to bemagnetized ,
and draw ing i t to the
end and return ing
through the a ir as be

fore
,
and then reversing

the pole , pla c ing i t on
Flk ' 3 84 M ag net i za t ion

the middle of the bar
be fi t s /e Touch

and draw ing it tow ards the other end . T he

Fzg. 3 85 . M agnet i za tion by Sepa r a te Touch .

former would
,
however , appear to be the better '

use of the term s ingle touch .

In Separa te Touch , two magnetiz ing ba rs are

placed w i th thei r oppos ite poles at the middle
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o f the bar to be magnetized and drawn away from
each other towards i ts ends , a s shown in Fig.

385 . This motion is repea ted a number of times ,
the poles being each time returned through the
a ir .

In the above, as in al l cases of magnetization
by touch , better effects are produced

,
i f the bar

Fig . 3 86 . M ag neti za tion by Double Touc/z.

to be magnetized is rested on the opposi te poles
of another magnet, or, as shown in Fig . 386 ,

placed near them.

In Double Touch the two magnets a re placed
w i th their Oppos ite poles together on the m iddle
of the bar to be magne tized , as shown in Fig .

386 . They are then moved to one end of the bar,

t it/1m , i nstead of r emov ing tbem and pa s s ing tbem

ba t /é tbr oug/z tbc a ir to the other end , they are
moved over the surfa ce of the bar to be magnet
i zed to the other end

,
and these to and -fro mo

tions are repea ted a number of times . T he mo

tion is s topped at the middle of the bar
,
w hen the

magnetizing magnets are moving in the oppos ite
direction to tha t a t which they began to move.

This insures a n equa l number of s trokes to the
two ha lves o f the bar . T he method of double
touch produces stronger magnetiza tion than
e ither of the o ther methods , bu t does not effect
such an even distr ibution of the magnetism , and

therefore is not applicable to the magnetiza tion
o f needles .

Avar iety of double touch i s shown in Fig . 387,

where four bars , to be magne tized , are placed in
the form of a hol low rectangle , w i th on ly the ir
ends touching a t their edges, the angular spaces

Fig . 3 87 . M ag net i za tio nby Double Touc/c.

at the corners be ing fi lled w ith pieces of soft iron .

T he horseshoe magnet N S, i s then moved around
the c ircui t severa l times in the same direct ion .

This i s be l ieved to produce a more un iform mag

thi ng .

neti za tion than the ordinary method of double
touch .

M agneti zat ion , Co effi cien t of —A
number represen t ing the in tens ity of magnet
izat ion produced in a magnet i zab le body,
d iv ided by the magnetiz ing force H .

Ca lling k , the co-effi c ien t of magnetizatio n ; I,
the intens ity of the resu lting magnetization , and
H , the magneti zing force produci ng it, then

I

H

T he co-efli cien t of magnetization is sometimes
ca lled the magnetic susceptibil ity .

Aparamagneti c body when placed in a mag

netic field concen trates the l ines ofmagnetic force
on i t, or causes them to pass through i t . T he

in tens ity of the magnetiza tion so produced de
pends, therefore ,
( I . ) O n the intensity of the magnetizing field .

O n the abil ity of the me ta l to concen tra te
the lines of force on i t ; tha t i s ,

‘

on the na ture of

the meta l , or on i ts magnetic permeability . (See

Permeabi l i ty ,
M agnet i c. Pa ramagneti sm. D i a

magnet i sm.

'

l he in tens ity of magnet i za tion w ill , therefore ,
be equa l to the produc t O f the co efficien t of mag
net ization and the in tens ity o f the magnetiz ing
fi eld . I t w ill , a lso ,

of course , depend on the area

o f cross -sec tion of the magn etized body .

T he co effi c ien t of magnet iza tion ofparamag

netic bodies is sa id to be pos itive , and tha t of d ia
magnetic bod ies to be n ega tive , because paramag.

netic bodies concen tra te the lines of magnetic
force on them, w hile diamagnetic bodies appear
to repel the l ines of force. (See Par a /nagnet i c.

D i amagnet i c .

M agnet i zat ion , Cr i t ical Current of

—T he curren t a t w hich any certa in or definite
effec t of magnetiza t ion is produced .

M ag net izat ion , Intens i ty of —A
quan t ity show ing the inten s i ty of the magnet
iza t ion produced in a subs tance .

A quan t ity show ing the intens ity w ith
w h ich a magnetizab le subs tance is mag

net ized .

T he in tensity o f magnetiza tion depe nds

( I . ) O n the in tensity of the magneti z ing field .

O n the magnetic permeabi lity , or on the

Conducting power of the subs ta nce for l ines o f

magnetic force .
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T he grea ter the strength of the magnetizing
field , and the greater the magnetic permeabili ty ,
the grea ter i s the in tens ity of the magnetization
produced .

When , therefore, a magnetizable subs tance is
placed in a magnetiz ing field , the in ten si ty of the
magnetiza tion w ill depend on the magnetic sus

ceptibi l ity of the subs tance ; tha t is , on the ra tio of

the inducedmagnetization to themagneti z ing force
producing i t.
Soft iron has a high coe ffic ien t ofmagneti zation ,

or i ts magnetic susceptibili ty i s h igh . (See Sus

ceptibi l i ty ,
M agnetic. M agneti za tion ,

Co-efi cien t

T he in ten sity of magnetiza tion through a sub

s tance i s measured by dividing the magnetic
momen t by the magnetic volume.

If a bar of soft iron i s placed w ith i ts greates t
leng th extending in the direction of the l ines of

force in a magnetic field, it w ill have induced in
i t a certa in in tens ity ofmagnetization which may
be expressed as fol lows

m 1

Volume k H’

w here m, equa ls the str ength of the magnet 1, i ts

length k
, the co-efli cient of magnetiza tion , and

H
, the in tensi ty of the magnetiz ing field .

—(S. P.

TIzompson . )
T he momen t of a magnet, or Of any elemen t

o f a magnet, may be cons idered numerica lly to be
made up of two factors , one, i ts volume, and the

o ther i ts in tens i ty of magnet i za tion , or s imply
i ts magneti za tion , and hence, for a un iformlymag

n et ized sma ll l inear needle, w e may define the

in ten s ity of i ts magnetiz a tion by saying tha t it has
magnetic momen t of un i t volume.

”

In tensity of M agnetiza tion

M ag net i zation , M ax imum —Aterm
sometimes used for magne tic sa turat ion.

Urquhart sta tes , as the resul t of numerous ex

perimen ts , tha t the number of l ines of magnetic
force tha t usua lly pass through a bar of soft iron
I square cen timetre in a rea of cross-sec tion , when
magnetized to a maximum, i s equa l to
Ew ing gives the number in the particular case o f

a very extraordinary magne tization as being equa l
t o per square cen timetre area of cross

s ection .

M agnet i zat ion , M ethods oi M ag

n et ization effec ted e i ther by induct ion from
another magnet , or by means of induc tion by
a n electric curren t .

[Mag .

T he substance to be magnet ized is brough t into
a magnetic field, so that the l ines of magnetic
force pass through it . Al l methods of magnet
izationmay be divided in to methods of magnet iza
t ion by touc/z and magnet i za t ion by til e electr i c

(See M agnet i za t ion by Touc/z. )cur ren t .

M ag neti zation , Permanent , Intens i ty of
—Aterm emp loyed for the in tens ity of

a permanent magnet iza t ion produced in hard
s teel , a s d ist ingu ished from the magnet iza t ion
temporari ly produced in soft iron . (SeeM ag

o

net i za t i on , I n tens i ty of .)

M agnet izat ion , Temporary , Intensi ty of
-T he in tens i ty of the magnet izat ion

temporarily induced in a bar of soft iron , as

dis t inguished from permanent magnet i zat ion
induced in hard s teel . (See M ag net i za t i on ,

I ntensi ty of .)

M ag net i zat ion , Time-Lag of —Alag
w hich appears to exis t between the t ime of

act ion of the magnet iz ing force and the ap

pearance of the magnet ism.

T he time which mus t elapse in the case of

a given paramagnetic subs tance before a mag

net izing force can producem agnetiza t ion .

In the Opinion of some p hysicists there i s no

such thing a s a true magnetic time-lag, the ap
paren t time-lag being due en tirel y e ither to hy s
teresis or to eddy curren ts . According to them,

w hile the magnetiz ing force i s increasing , i t pro
duces , in the iron , reversely-directed surface
eddy-curren ts , which produce a reversed or

opposed magnetiz ing force in the more deeply
sea ted layers of the iron , the time-lag being due
to the interva l wh i ch i s requ ired for these eddy
curren ts to d ie away and thus permi t the mag

n etiz ing force to produce i ts fu l l magnetiza tion .

According to others , how ever , a true time
l ag does exist en tirely apar t from the exis tence of

sur face-eddy-curren ts.

M agneti ze.
—T o endow w ith magnet ic

propert ies .

M agneti zed .
—Endowed or impres s ed w ith

magnet ic propert ies .

M agneti z i ng .
-Caus ing or produc ing mag

net ism .

M agneto-B l ast ing M ach i ne—(See M a

c/zi n e, M ag neto
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a s shown at F1 and F3 , Fig. 390. Amagnetic
coil C , surrounds the middle portion of each cir

cuit as shown . T he opera tion as descr ibed by
M r. Chas . Steinmetz , from whom the above de
scription is main ly taken, is as fol low s, v iz . T he

fron t part 5 1 of the left iron piece becomes south ,
and the back part n

1
north polar ity ; the front

part of the right iron piece 11 2 becomes nor th , and
the back part sou th ; and the l ines of

'

magnetic
force travel in the fron t from the r ight to the left,
from 11

2
. to 5

1 ; in the back the oppos ite w ay , from
the left to the r ight , or from 11

1
to 5 2, e ither

through the air , or , when I1
2
and 5

1 ,
or 11

1
and 5

2,

are connected by a piece of magnetizable metal ,
through this and through the ai r .

In the middle of the co il C , s tands a sma ll soft
iron needle w ith an a luminum indica tor , which
plays over a sca le K, and i s held in a vertica l
posi tion by the l ines of magnetic force of the coil
C

,
i tself, deflected to the left by the l ines of mag

netic force traversing the fron t part of the instru
men t from n 2 to S

I ,
deflected to the r ight by the

l ines traversing the back from 11
1
to 5

2
. This

needle shows by i ts zero posi tion that the mag

netic flow through the a ir in fron t from 11
9
to 5

1

has the same s trength a s the magnetic flow in the
back from 11 1 to 5 2 through the a ir .

Now we put a piece of soft iron x on the fron t
of the instrument . A large number of lines go
through x , less through the a ir from n

2
to 5

1 ; but

al l these l ines go from n , to 5
9
through the a i r

a t the back part of the magnetometer , the fron t
part and back part of the instrument be ing con

nected in ser ies in the magnetic circuit . There
fore the needle i s deflected to the r ight by the
magnetic .flow i n the back of the instrument .
Now ,

w e put another piece of iron , y , on the

back part of the instrumen t
,
then equ il ibr ium

wou ld be restored as soon as the same number of

lines ofmagnetic force go through x , a s through
y
,
because then a lso the same number of l ines go

through a ir in the fron t as i n the back . As w ill
be noted , the a ir here takes the place of the res ist
anccs a and b

,
influencing the ga lvanometer

needle G , as in the diagram Fig . 389.

T he Operation of the instrumen t i s exceedingly
s imple and i s as follow s In to the coil C , an elec
tric curren t i s sen t w hich i s measured by the am

meterA, and regulated by the resistance-sw itch
R . Then the needle, which before had no fixed
position ,

poin ts to zero .

Now , w e lay the
'

piece of iron , the magn etic

prO pert1es of which we w an t to
’determine, on the

Mag.

back par t of the instrumen t . T he needle is de
flected to the left. O n the fron t of the ins trumen t
we put Norw ay iron rods of known cross-section
and known conductivity , un til equil ibrium i s

aga in res tored . Then the iron in the fron t has
the same magnetic res istance as the iron in the

back , and the ra tio of the cross-sections g ives
d irectly the ra tio of the conductivities ; so tha t
by a s ingle reading the magnetic conductivity of

any piece of iron can be compared w ith that of
the Norway iron standard .

For absolute determinations , the iron i s turned
off into pieces of exac tly 4 square centimetres
cross-section and 20 cen timetres in length , both
ends fi tting into holes in large blocks of Norway
i ron , which are la id aga in st the pole pieces of the
magnetometer , so tha t the tran sien t resistance
from pole face to iron is el iminated .

Fig . 3 9o . Ei ckemey er
’
s Difi

'
er entz

’

a l M ag netometer .

M agnetometer , Sel f Recordm
'r —A

s elf-recording appara tus , by means of w h ich
the da ily and hourly variat ion s of magnet ic
need les in the earth ’

s field , at any local ity , a re

con tinuously regi s tered .

T he self record ing magnetometer employed in
the observa tory a t Kew , consists essen tia lly of

means of obta in ing a photographic record of a

spot of l igh t reflected from a mirror , a ttached to
the need le w hose varia tion s are to be recorded .

T he photographic record is received on a str ip of

sen sitized paper , ma inta ined in un iform and con

tinuous mot ion by means of suitable c lock-work .

T he record so obta ined i s ca l led a magneto

graph .

M agneto-M ot i ve Force. (See Force,

M ag neto
—M at i ve.)
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M agneto-M oti ve Force, Absol ute Un i t of

—(See Force, M ag neto
-M oti ve , Abso

l ute Un i t of .)
M agneto-M ot i ve Force, Prac t ical Un i t of
—(See For ce, M ag neto

-M oti 'z/e, Fr a c

t i ca l Un i t of .)

M agneto-Optic Rotation—(See Rota t i on ,

M ag netophone.
—A species of magnet ic

s iren in w hich sounds are produced in an

elec tro-magnetic telephone by the periodic
curren ts produced in its coils by the rota tion
o f a perfora ted metall ic disc in a magnetic
'

field .

As the speed of the d isc increases , the pitch of

t he note increases . The apparatus w as inven ted
by Prof. Carhar t , in 1883 . A s imi lar appara tus

'i s usefu l in studying the distr ibuti on of the mag

neti c field of a dynamo-e lectric machine . In this
case, a sma ll, thin coi l of insulated w ire i s held in
the differen t reg ions around the machine, w hi le
the telephone i s held to the ear of

‘

the observer .

M agneti c leakage, or use less dissipa tion of l ines
o f magnetic force outs ide the field proper of the

machine, i s a t once rendered man ifest by the

mus ica l note caused by varia tions in the intensi ty
o f the field .

Since the intensi ty of the note heard w ill vary
according to the in tensity of the field , and a lso
a ccording to the posi tion in which the coil is held ,
s uch a coi l becomes a magneti c explor er , and by
i ts use the dis tr ibution and vary ing in tens ity of an

irregular field can be ascertained . Its use i s

e specia lly advan tageous in proportion ing dynamo
e lectric machines and elec tric motors . (See Ex .

f lar er , M agnet i c. )

M agneto
-Recept ive.

Device—(See Devi ce,

M ag neta

M agneto-Stat ic Current M eter . (See
M eter , Cur r ent , M ag neto

-Sta ti c .)

M ag neto-Stat ic Screen ing—(See Scr een
i ng , M ag neta

-Sta t i c .)

M agneto-Stat ics.
—(See Sta t i cs , M ag neto.)

M agneto-Therapy.—(See TIter apy , M ag

M ain B attery.
—(See B a ttery , M a i n .)

M ai n-B attery Ci rcui t. (See Ci r cui t ,

[Mak.

M a in , El ectr ic —T he principa l con
duc tor in any sys tem of electric d is tribut ion .

M ain Feeder.
—(See Feeder , St anda rd or

M a i n .)

M ain Fuse—(See Fuse, M a i n .)

M ain , House —A term employed in
a sys tem of mul t iple incandescen t lamp dis
tribut ion for the conduc tor connec t ing the

house service conduc tors w ith a centre of

d is tribut ion , or wi th a s treet ma in .

M a in-Li ne Cut-Out .
—(See Cut-O ut , M a i n

L i ne.)

M a in , Street —In a sys tem of incan

descen t lamp d is tribut ion the conduc tors ex
tend ing in a sys tem of networks through the
s treets from junc t ion box to junc t ion box ,

through wh ich the curren t is dis tributed
from the feeder ends , through cut-outs , to

the dis tric t to be l ighted , and from w h ich
service wi res are taken .

M ain , Sub —A name somet imes

given to the d istribut ing conduc tor tha t is
connec ted direc tly to a ma in .

T he branch neares t the ma in .

B r a nd t .)
M a i n Wi re—(See Wi r e, M a i n .)

M ai ns of El ectr ic Ra i l roads—T he w ires
or conduc tors used for carrying the curren t
from the

'

feeders through the tap wi res to the
trol ley wires .

(See

M ake—Acomp let ion of a c ircui t .

M ake-and-B reak .
—T he periodic a l terna te

comp let ion and opening of a c ircui t .

M ake-aud-B reak , Automat ic —A
term somet imes emp loyed for such a combi

nat ion of con tac t po ints w i th the armature of

any elec tro-magnet , tha t the c ircu it is auto
mat ica lly made and broken w i th grea t rap idi ty.

An automatic make-and .break is used in mos t
forms of electric a larms in connection w i th some

form of elec tr ic bel l . (See Ala rm, Electr i c. )
It is a lso used in the Ruhmkorfl

'

inducti on mil
i n order to produce the variations in the primary
c ircu i t. (See Coi l , Induct ion . )

M ake-Induced Current. (See Current ,
M abe-Induced .)
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M ak ing the Pr imary.
—(See Pr ima ry ,

M ak ing t/ze.)

M al l et, El ectro-M ag net ic Denta l

—(See D en ta l-M a l let , Electro-M ag net i c .)

M ang in Projector .
—(SeeProjector , M a n

g i n .)
M an-Hol e, Compartment, of Condui t

—A man-hole provided w i th suitab ly sup

ported shelves or compartmen ts , guarded by
locked doors tha t protect different cab le sec
t ions .

M an-Hol e of Condui t—An open ing of

sufli c ien t s ize to admi t a man , communi

ca t ing from the surface of the roadbed w i th
an underground condu i t .

M an i pul ator , B reguet
’

s —T he send

ing ins trumen t employed by B reguet in his
system of s tep-by ~ step or dia l telegraphy .

(See Tel eg rapny , Step-by -Step .)

M anometer .
—An appara tus for mea suring

the tens ion or pressure of gases .

M anometers are ei ther mercur ia l or meta ll ic .

M ercur ia l manometers are of two clas ses , v iz . ,

manometers w ith free air and manometers w i th
compre s sed a i r .

M anometers measure the pressure of gases

ei ther in a tmospheres , i . e. , in mul tiples or deci
ma ls of I 5 pounds to the square inch , or in inches
of mercu ry .

M ap or Chart , Incl inat ion —Achart
or map on w hich l ines are drawn , show ing
the lines of equa l cl ip or incl ina t ion , or the

isoc l in ic l ines .

An i n cl in a t ion c/za r t is shown in Fig . 391 .

It w ill be seen tha t the magnetic equa tor , or

l in e of no dip , does no t correspond w i th the geo
graphica l equator , being general ly north of the

equator m the Ea stern Hemisphere , and sou th of

i t in the Western . T he figures a ttached to the

l ines i ndica te the va lue of the ang le of dip .

M ap or Chart , Isodynamic —Amap
of the earth on a mercator ’

s projec t ion , on

which isodynamic l ines are drawn .

An isodynamic chart i s shown in Fig . 392. It

Wi l l be observed tha t the i sody namic l ines do not

exactly coinc ide w ith the i socl in i c l ines , s ince the
line of leas tmagneti c in tens ity does not correspon d
w ith the line of the magnetic equa tor .

T he poin t of l ea s t magnet ic in tens i ty is found a t

about la t . 20 degrees S and lon . 35 degrees W .

T he point of greates t magnet i c intens i ty is found
at about la t. 52 degrees N . and lon . 92 degrees
W.

Another , though w eaker poin t of magnetic in
tensity , is found in Siber ia . These are distin
gu ished from the true magnetic poles by the term
Poles of In tens i ty .

T he Poles of Ver t i ci ty , as determined by the

dipping needle , and the Poles of In tens i ty , a s de

termined by the needle of osci l la tion ,
therefore do

n ot co incide in the Northern Hemisphere .

M ap or Chart , l sogonal —A term
sometimes used for an isogonic map or chart .

M ap or Chart , I sogon ic -A chart
on w hich the isogonal l ines are marked .

An isogon ic map or chart is sometimes ca lled
a declina tion map or chart .

In the declina tion or var ia tion chart, shown in .

Fig . 393 , the region of western declina tion is in

d icated by the shading . There is a remarkable
ova l patch in the northea stern par t of Asia , in

w hich the declina tion is w est. A s imila r ova l of
decrea sed inclina tion is seen i n the Southern
Pacific .

T he entire earth acts l ike a huge magnet w ith
south magnetic polarity in the Nor thern Hemi
sphere .

It 13 not known whether the earth possesses
but a single pa ir of magnetic poles or more

than a s ingle pa ir . T he var ia tion s in the dec

l ination , and in the in tens ity of i ts magne tism,

due to the pos iti on of the sun , as wel l a s the

marked magnetic disturbances tha t accompany
the occurrence of sun -spots , would appear to con

n ect the earth’s magnetism in some manner w ith
the solar radia tion . (See M agneti sm,

Ea r th ’s ,

Tli cor ies as to Cause of . )

M ar i ne Gal vanometer.
—(See Ga lv anom

eter ,
M a r i ne.)

M ar i ner
’

s Compass—(See Compa ss , Az i
mut/z.)

M arked Pol e of M agnet—(See M ag net ,

M a rbea
’

Pole of .)

M arkers—Colored flags , or s igna l l ights ,
general ly green , displayed in sys tems of

block ra ilway s ignal ing at the ends of

tra ins , in order to avoid accidents from tra ins
breaking in two . (See Ra i lr oads , B lock
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M ass—T he quan ti ty of ma tter contained
in a body.

M a s s mus t be carefully distingu ished from
w eight. T he weight of a g iven quan ti ty o f

ma tter depends on the a ttrac tion which the ea rth
possesses for it, and this , on the earth’s surface ,
varies w i th the lati tude

,
being greatest a t the

poles and least a t the equa tor . It a lso var ies
w i th differen t eleva tions above the level of the sea .

T hema ss , however , i s the same under a l l c ircum
s tances , w hether for d ifl

'

erent la titudes or a lti
tudes , on the earth’s surface .

M assAttraction. SeeAttra ct i on , M a ss .)

M ass, M ag netic —Aquan t i ty of mag

netism w h ich a t un i t dis tance produces an

action equa l to un i t force .

M ass,Un i t of —T he quan t ity of mat

terwh ich under certa in cond i t ions w i l l ba lance
the w eight of a s tandard gramme or pound .

T he gramme i s equa l to the one-thousandth
par t of a piece of pla tinum ca lled the kilogramme ,
depos ted as a standard in the archives of the

French Governmen t, and in tended to be equa l to
themass of I cubic centimetre of wa ter a t the tem
pera ture of its maximum density.

M as sage
—A trea tment for the purpose

of effec t ing changes in genera l nutrit ion or

ac tion of part icular parts of the body , by
knead ing , rubbing , frict ion , etc .

M assage, El ectro -T he appl ica t ion
of electric ity to the body during its mas sage .

Connections are established between the pa tien t
and a ba ttery by connecting one electrode of a

source to the kneading instrumen t, and the other
electrode to the body of the pa tien t .

M asses, El ectr ic —A ma thema tica l
conception for such quan t ities of elec tric ity
as a t un i t d is tance w i ll produce an a ttrac

tion or repu ls ion equa l to un i t force.

Electrical masses a re assumed to be equa l when
they produce on two iden tica l bodies of sma l l
dimen s ion s charges of the same electric force.

M aster Cl ock .
—(See Clock , M a ster .)

M ater i al s, Insul at i ng —Non-con
ducting subs tances wh ich a re p laced around a

conductor. in order tha t it may either reta in
an electric charge, or permit the passage of

[M at.

an electric curren t through the conduc tor
wi thout sens ible leakage.

Var ious gases , l iqu i l s or sol id s may . be em

ployed as in su la tors . Avery high vacuum affords
the bes t known in su la tion .

M atter.
—Anyth ing w h ich occupies space in

three d irec t ion s and preven ts o therma tter from
s imul taneous ly occupy ing the same space.

M atter i s composed of a toms
, which un ite to

form mol ecu les . (SeeAtom. M olecu l e. )

M atter , El emen tary -M a t terw h ich
cannot be decomposed in to s imp ler ma tter.

Var ieties of elemen ta ry ma tter a re ca lled
elemen ts . (See E l emen t . )

M atter , K i net ic Theor y of —A
theory Wh ich assumes tha t the molecules of

ma t ter are in a cons tan t s tate of motion or
“

v ibra t ion towards or from one another in

pa ths tha t l ie w ith in the s pheres of their
mutua l a t trac t ions or repuls ions .

T he molecu les of gases have grea t freedom
of motion , and are so far removed from one

another as to be but little
, i f any , influenced by

their mutua l a ttraction s . They a re therefore
assumed to move in stra ight hues w ith very grea t
velocity un til they coll ide aga ins t one another , or

'

aga ins t the s ides of the con ta in ing vessel , w hen
they are reflected and aga in move in stra ight l ines
i n a new pa th .

M atter , Radian t , or Ul tra-Gaseous

—A term proposed by Crookes for the

pecul iar condition of the gaseous ma t ter w hich
cons ti tutes the res idua l a tmospheres of high
vacua .

This i s now genera lly recogn ized as a four th
sta te of ma tter , these four s ta tes being :

Sol id .

Liquid .

Ga seous .

Ultra-gaseous or radian t .
T he pecu liar properties of radian t ma tter a re

seen in the mechan ica l effects -of the loca lized
pressures produced when such residua l a tmos ~

ph eres are locally hea ted or electrified .

In Cr ookes
’
r adiometer , vanes of m ica , s i lvered

on one face and covered w i th lampblack on the

oppo s ite face , are supported on a ver tica l axis so

as to be capable o f rota tion and placed in a glass
vessel in which a bigli va cuum isma inta ined . O n
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son imagines the e ther to be set in motion in
minute vortex rings , and shows tha t a readily
movable fluid body , l ike ether , once set in 5 11 t h

motion should possess the properties of a solid .

1 -1 a perfect fluid , such a s ether , these vortex
r ings once formed

,
w ou ld be prac tica lly imper ish .

able or indestructible .

Thomson rega rds the a toms of matter a s con .

sisting of such vortex r ings . Vortex r ings can be
formed in the a i r by cutting a c ircular aper ture
in the end of a pas teboa r l box , and tapping
sharply aga ins t the end of the box . In order to

render the r ings visible, the box may be previously
fi lled w ith smoke.

Vortex r ings formed in smoky a ir d i ffer from
vortex r ings in the ether , in the fa ct that a ir

.

i s

not a perfect flu id , while ether i s . Ai r vor tex
rings increase in s ize and decrease in energy .

Vortex rings of the ether would not vary in s i ze .

According to Thomson ’
s vor tex theory of

ma tter , the a toms of ma tter are the same a s the

ether which surrounds them . They cannot be
produced in ether by any know n w ay ; therefore,
they cannot be manufactured , or , a s i t w ere ,

created . Nor , on the other hand , can they be
des troyed ; in other words, they are indestruct

ible . They are elastic , capable of defini te vibra
tions , possess a ll the properties of ma tter save, in
the Opin ion of some, the very importan t prop
erty Of gravita tion . As Prof. Lodge points out,
the fac t tha t this proper ty i s not presen t shou ld
cause Sir Will iam Thomson ’

s theory of ma tter to
be accepted w ith cons iderable hes itation .

M atthiessen
’

s M etre-Gramme Standard.

(See M etr e Gramme Sta nda r d , M a tt/zi es

sen
’

s .)

M atth i essen
’

s M i l e Standard.
—(See M i l e

Sta nda r d , M a ttb i essen
’

s .)

M att i ng, Inv i s ibl e El ectr ic Fl oor
—Amatting or other floor covering ,

provided
w ith a series of elec tric con tac ts , w h ich are

closed by the passage of a pers on wa lk ing
over them.

This ma tting i s provided as an adjunc t to a

system of burglar a larms . T he e lectr ic be ll or
annunc ia tor , connec ted w ith the d ifleren t con

tacts , i s disconnected dur ing the day -t ime , o rw hile
the rooms a re occupied . (SeeAla rm, B urg l a r . )

M ax imum M agnet ization .
-(See M ag

net i z a t i on , M a x imum.)

[Med.

M cInt i re
’
s Paral l el Sl eeve Tel egraph ic

Joi nt. —(See f ain t , Tel eg r apni e, M cI nt i re
’

S
'

Pa r a l lel Sleev e.)

M easurements, E l ectr i c —Deter
minations of the va lues of the elec tromot ive.

force , res is tance , current , capac i ty, energy,
etc . , in any elec tric c ircuit .
Electric mea suremen tsmay be either qua lita tive

or qu an t i ta tive .

In qua l ita ive e lectr ic measuremen ts the re la
t ive va lues only a re obta ined ; in quan tita tive
measuremen ts the ac tua l va lues a re obta ined

M echan ical Al arm, El ectr ic
Ala rm , Electr o

M echan i cal El ectr ic B el l .—(See B el l ,

E lectr o

M echan i cal Equi val ent of Heat—(See
H ea t , M eelza n i ea l Equ i v a len t of .)
M echan ical M i ne.

—(See M i ne, M eelzan i

ca l .)
M echani cal Throwback Ind i cator .

(See I nd i ca tor , M ee/za n i ea l T

M ed ical Induct ion Coi l .—(See Coi l , [ n
duct i on

M edical M ag neto-El ectr ic Apparatus

(See Appa r a tus , .M ag neto
-Electr i c M ed i

ca l )

M edi um, An i sotrop ic —Amedium
in wh ich equa l s tresses do not produce equa l
s trains w hen app l ied in d ifferen t d irec tions .

Amed ium , homogeneous in s tructure l ike
c rys ta lline bod ies , but possess ing d ifferen t
powers of specific induc t ive capac ity in d iffer
ent d irec t ions .

An eolotrop ic med ium. (See M edi um,

Eolotropi c.)

The latter term i s used to d is tingu ish i t from
an isotropic medium . (SeeAl dlum, I s otr op i c. )

M edium, Eol otrop ic —A medium

in w hich equa l s tres ses do not p roduce the

s ame s tra ins when a ppl ied in d ifferent d irec
t ions . (See M edi um, I sotr op i c .)
M edi um, El ectro-M agnet ic —Any

medium in w h ich electro-magnet ic phenom
ena occur.

T he medium through which electro-magnetic
w aves a re propaga ted i s now un ive rsa lly re
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garded as the lumin iferous or un iversa l -ether .

(SeeElectr ici ty , Her tz
’

s Tlzeory of E lectr a-M ag

net i c Radia t ion: or Waves . )

M edium, Isotropi c
—Amed ium in

w hich equal s tresses app l ied in any d irec t ion
produce equal s tra ins .

Atransparen t med ium w h ich posses ses the
same Optical or electric properties in a l l d i

rec tions .

An opt ica lly homogeneous , transparen t
med ium.

Such media are ca lled isotropic to disti ngu ish
them from an isotropic or eolotropic, or those in
which equa l s tresses produce unequa l stra ins in
difl

’

eren t directions . (See M edium, An i sotropic.

M edi um, Eolotrop ic. )

M eg or M ega (as a prefix ) .—r,ooo,ooo

times ; a s , megohm, ohms ; mega

vol t , vol ts .

M egal oscope, El ectr i c —An appara
tus for the medical exp lora t ion of the cavities
of the body.

T he l ight necessary for explora tion is obta ined
from a sma l l incandescen t lamp placed a t the

extremi ty of a tube, sui tably shaped for in troduc
tion in to the spec ia l orga n for w hich it i s devised .

T he organ so il lumined throw s i ts light on a

pr ism
,
by means of which the light i s caused to

pass through a ser ies of lenses by which it is
viewed .

M egavol t. —r,ooo,ooo vol ts .

M egohm.
—r,ooo,

ooo ohms .

M eidi nger Vol ta i c Cel l .
—(See Cel l , Vol

M emor y , M agnet ic
—A term pro

posed by A. Fleming for coercive force .

Soft iron has but a feeble memory of i ts past
magnetiza tion .

M ercur i al Connection—(See Connect i on ,

M er cu r i a l .)

M ercur i al Contact . (See Connect i on ,

M er cur i a l .)

M ercur i al Temperature Al arm.
—(See

Ala rm , M er cur i a l Temper a tur e.)
M ercur y B reak—(See B r eak , M er cury .)

M ercur y Cup.
—(See Cup , M er cury .)

[Met

M etal l ic Coat i l i g
'

.
—(See Coa t i ng , M eta l

M etal l ic Conduct i ng Joi nt—Seejoi nt ,
M eta l l i c Conduct i ng .)

M etal l ic Contact—(See Conta ct , M eta l

M etal l ic El ectr ic Conduct ion .
— (See

Conduct i on , Electr i c , M eta l l i c .)

M etal l i zat ion .
—T he rendering of a non

conduc ting surface electrical ly conduct ing by
covering it w ith a meta l l ic coa ting , so a s to

M er id ian , Astronomical —Agrea t
c irc le pas s ing through any point in the

heavens , and the North and South poles of

the heavens .

T he as tronomica l meridian corresponds to the
geographica l mer idian. T he former i s considered
as pass ing a round the dome of the heavens ; the
la tter , around the surface of the earth . In order
to loca te any point in the heavens , a grea t ci rc le
of the heavens i s cau sed to pa ss through tha t poin t
and through the astronomica l Nor th and South
po les .

M er i di an , Geograph ica l -T he geo

graph ica l meridian oi a place is a grea t c irc le
pass ing t hrough tha t p lace and the North and
South geograph ica l poles of the earth .

M er id i an , M agnetic T he magnet ic
meridian of any p lace is the meridian w h ich
passes through the poles of a magnetic need le
a t tha t p lace w hen in a pos it ion of res t under
the free influence of the eart h ’

s magnet ism.

T he p lane of t/zemagnet i cmer i dian at. any place
i s a vertica l plane pa -s ing through the poles of a

magnetic needle in a pos i tion of rest under the

free influence of the earth’s magneti sm a t tha t
place .

T he magnetic mer idianmay be regarded as the

vertica l plane in which a freely suspended mag
netic needle comes to rest in the earth’s magnetic
field .

M er i dional .—Perta ining to the meridian .

M essage Wi re.

f (See Wi r e, M essag e.)
M essenger Cal l .—(See Ca l l . M esseng er .)
M etal l ic Arc.

—(SeeAr c , M eta l l i c . )

M etal l i c Ci rcui t —(See Ci r cu i t , M eta l



enable it to readily receive a metal l ic coa t ing
by elec tro-p la ting . (See Pl a t i ng , Electr a.)
M eta l l ochromes. A name somet imes

g iven to Nobil i ’s rings . (See Ri ng s , No

oi l i
’

s .)

M etal l oi d.
—Aname formerly appl ied to a

non-meta llic body , or to a body having only
some of the properties of a metal , as carbon ,

boron , oxygen , etc .

T he term i s now but li ttle used .

M etal l urgy, El ectro —T hat branch
of appl ied science w hich rela tes to the elec

trical reduc tion or treatmen t of metals .

M etal lurgi cal processes effected by the

agency of electric ity.

Electro-M eta llurgy embraces

( I . ) The reduction of meta ls from their ores,

ei ther directl y during fusion by the hea t of the
v olta ic arc, or the hea t of incandescence, or by
the elec trolys is of solutions of the ir ores , or ores

in the fused sta te. (See Electroly si s . Furna ce
,

E lectr i c.)
Electroplating .

Electrotyping .

T he applica tion of electr ici ty to the reducti on
o f meta ls i s carried on in the electr ic furnace for
the reduction of the a lumin ium ores

,
for example.

M etal s , El ectr i c Deflag ration of

T
_

he vola t i liza tion of metals by electric ia
c andescence.

M et al s, El ectr i c Refi n i ng of

Purifying metals by mean s of electrici ty .

Difl
'

eren t me thods are employed for the electric
refining of meta ls . They are generally elec tro
lytic in character .

M etal s, El ectr ical Protect ion of

T he protection of a metal from corros ion by
plac ing it in connec t ion w ith another metal ,
w hich , w hen exposed to the corroding l iquid ,
vapor or gas , w ill form wi th the meta l to be
protected the pos itive element of a vol ta ic
couple .

Th e nega tive elemen t of a voltaic couple i s
protected by the presence of the pos itive element,
which i s alone corroded . This method has been
adopted w ith con s iderable success to electrica lly
protec t meta ls from corrosion .

T he fol low ing are examples of thi s protec tion
Davy proposed to protect the copper

[M eta

sheathing of ships from corrosion by a ttaching
pieces of zinc to the copper sheathing. This
succeeded too w ell , s ince the copper sa lts which
were formerly produced , and acted as a poison
to the marine plan ts and an imals , being now

absen t
,
permi tted these organisms to thrive to

such an extent as to ser iously fou l the ship ’s
bottom .

Ar ing of zinc attached to a li ghtn ing rod ,

near its poin ts , has , i t i s c la imed , the power of

protecting the points from corrosion .

Iron bars of rai l ings , i f sunk or embedded
in zinc , are preserved from corros ion near the

j unc tion of the two metals , but if sunk i n lead are
rapidly corroded , because iron is electro-posi tive
to lead , but electro-nega tive to zinc .

Tinned iron rapidly corrodes or rusts
when the iron is exposed to the a tmosphere by a

scra tch or abrasion , because the iron i s electro
positive to tin . Nickel-pla ted iron , for the same

reason , rus ts rapidly on the exposure of an

abraded surface .

Zinced or ga lvan ized iron , or iron covered
wi th a deposit of zinc , is protected from corro

s ion because the zinc , being pos i tive to iron , can

a lone be corroded , and the zinc i s a lso protected
in par t by the coating of inso luble oxide tha t is
formed .

M eteor i tes.—Aerol i tes .

M eter , Ampere
M eter . Ammeter .)

M eter , Current A term now ap

p l ied to an electric meter or ga lvanometer
w hich measures the curren t in amperes , as

d is tinguished from one w h ich measures the

energy in wa tts .

(SeeAer ol i tes .)

—(See Ampere

Thi s term 18 sometimes loosely applied to a

ga lvanometer .

T he term ‘

ga lvanometer is preferable. (See

Ga lvanometer . )

M eter , Current , M agneto-Stat ic —A
curren t meter in w hich a smal l s teel magnet ,
or sys tem of magnets , is suspended at the

cen tre of the uniformmagnet ic field produced
by the combined influence of two coi ls and

two sys tems of powerful permanen t magnets .

M eter , El ectr ic —Any apparatus for
measuring commercial ly the quant ity of elec

tricity tha t passes in a given t ime through
any consumption circuit .
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placed in a shunt around the circui t to be meas
ured. These two coils , ins tead of acting on a

needle
,
act on each other , and the amoun t of this

deflec tion w ill, therefore, be proportiona l to the
wa tts present .
Aform of watt meter is shown in Fig. 396.

M ethod, Deflect ion -Amethod em

ployed in electrical measurements , as dis t in

guished from the zero method , in w h ich a

deflec t ion, produced on any ins trument by a

given curren t , or by a given charge, i s util ized
for determin ing the value of tha t current or

T he condition s rema in ing the same , the same

Curren t or charge w i ll produce the same deflection
at any time . D ifferent deflections produced by
currents or charges , the va lues of which a re un

known
, are determined by certa in ratios existing

between the d eflections and the curren ts or

charges . These ratios are determined exper i

men ta lly by the ca l ior a tion of the instrumen t .

(See Ca l ibr a te. )
Deflection methods a re opposed to zero or nu l l

metnods
,
in which la tter a balance of oppos ite

e lectromotive forces , or a proportiona lly equa l
fa ll of electric poten tia l , is ascerta ined by the

fa ilure of a del icately poised needle to be moved
by a curren t or a charge.

M ethod, Nul l or Zero —Any method
employed in elec trical measuremen ts , in w hich
the va lues of the elec tromotive force in vol ts ,
the res istance in ohms , or the curren t in am

peres , or other s imilar un its , are determined
by ba lancing them aga ins t equal values of the

same units , and ascerta in ing such equa l ity , not
by the deflections of the needle of a galvano
meter, or of an electrometer, but by the ab

sence of such deflect ions .

T he advantage of zero methods i s round in the
fact tha t the galvanometer or elec trometer may
then be made as sensitive as possible, w hich is not
otherw ise the case , since great deflections are

genera l ly to be avoided , especial ly in tangen t
ga lvanometers . (See Ga loanometer . E lectrom

eter . )

M ethod of M agnet izat ion by Touch .

(See M ag neti za t i on by Toucn

M ethven
’
s Screen—(See Screen , M etn

LM ic.

M etre Bridge—(See B r idg e, M etre.)

M etre Candl e—(See Candle, M etr e.)
M etre-Gramme Standard, M atthi essen

’
s

—Auni t of res is tance.

T he res is tance of a w ire one metre in

length , and of such a diameter as would cause

the w ire to weigh one gramme.

O ne metre-gramme of pure hard drawn cop per
has a resistance of . 1469B .A. un its at zero de
grees C . as determined by M atthiessen (Pen.

M ag , M ay ,

M etre-M i l l imetre —Aresis tance un it
of length of a w ire or other conductor of the
length of one metre and of the area of cross

sec t ion of one square millimetre.

According to the report of the Committee of the
Amer ican Insti tute ofElec trica l Eng ineers of 1890,

on a Standard Wir ing Table, a metre -millimetre
of pu re soft copper w ire has a resistance of .02057
B . A. un i ts at zero degrees C . From the corre

sponding term, mi lfoot, m ill imetre-metre would .

appear to be the preferable term.

M etr icHorse-Power .
—(SeeHor se-Power ,

M etr i c .)

M etr i c System of Weights and M eas

ures—(See Wcigni s and M ea sur es , M etr i c

Sy stem of .)
M ho.
—A term proposed by Sir Wm.

Thomson for the practical un i t of conductiv
ity .

Such a un it of conductivi ty as is equal to
the reciprocal of 1 ohm.

T he conduc ting power is equa l to or the

r eciproca l of t/ze res i s tance.

T he word mli a, as is evident, i s obta ined by in
verting the order of sequence of the letters in the
word o/zm.

M i ca—Amineral subs tance employed as

an insula tor.

M ica i s a s ilic ious minera l . It occurs of vary
ing degrees of transpa rency , and splits or cleaves
readily in to transparen t laminae. I t is a good

non-conductor
,
is fa irly fire proof

, and is not

hydroscopic .

M ica is u sed extensively in insulating the me

ta l lic segment of commuta tors of motors and

dynamo-electr ic machines and in var iou s other
elec tric work .



M ic.)

M ica, M oul ded An insula t ing sub

s tance cons isting oi finely div ided mica made
into a pas te, w i th some fused insula ting
subs tance, and moulded into any des ired
shape . 0

Finely divided mica mixed w ith gum-shellac
rendered plastic by means of hea t, forms a good
insulating substance.

M icro (as a prefix)—T he one-mil l ion th ;
as , a microfarad , the mil l ionth of a farad ; a
microvol t. the one-mil l ionth of a vol t.

M icro-Farad.
—(See Fa r ad ,A! i ero.)

M icro-Graphophone.
—Amod ified form of

phonograph in w h ich several independent
non-metal l ic d iaphragms are used ins tead of

the s ingle diaphragm of the phonograph . (See

Grafi /zofi /zone, .M i cro.)

M icrometer,Arc -An appara tus for
the accura te measurement of the leng th of a

volta ic arc by means of a micrometer.

T he distance between two carbon electrodes
one movable and the other fix ed—placed in side a

glass vessel , is accura tely determ ined by means of

a micrometer placed on the movable electrode.

T he opera tion i s s imilar to that of the vern ier

w i re gauge.

M icrometer , Spark —Aterm s ome

t imes appl ied to Hert z ’s electric resona tor.
(See Resona tor , Electr i c .)

M icron.
—Ameasure of length .

T he one-mil l ionth part of a metre .

T he micron i s equa l to .00004 of an inch
,
very

nearly .

M icrophone—An appara tus invented by
Prof. Hughes for rendering fa in t or dis tan t
sounds d is t inctly audib le.

T he microphone depends for i ts opera tion on

varia tions produced in the res istance of the c ircui t
of a ba ttery , or other electric source, by means of

a loose con tact . These variations in the res ist
ance a re caused to produce corresponding move
ments in the diaphragm of a receiving telephone .

T he loose contact may take a va riety of forms .

O riginal ly it was made in the form shown in Fig.

397 , in which a sma ll p iece of carbon E,
pointed

at both ends , is i n serted in holes near the ends o f
cross-pieces of carbon B and C . T he thin upr igh t
board A,

on which these a re supported ,
ac ts a s a
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sounding board or d iaphragm, .
and i ts movements

by sound waves are a t once audible to a person
l isten ing at the receiving telephone. T he wa lk
ing of a fly over the sounding board is hea rd as a

loud sound .

T he forms of transmitting te lephones inven ted
by Re is

,
Ed ison

,
B lake

,
Berliner and others, are

in rea lity varieti es of mi crophones.

M icrophone Rel ay
—(See Relay , M i cro

pnone.)

M icro-Sei smograph .
—(See Sei smog rap/t ,

M i cro.)

M icrotasimeter.
—Ah appara tus inven ted

by Ed ison to measure m inute differences o f

tempera ture , or of mois ture , by the resulting
d ifferences of pressure .

Achange of tempera ture, or moisture , i s caused
to produce va ria tions in the resi sta nce of a button
o f compressed lampblack , placed in the c ircuit of
a delicate ga lvanometer . T he appara tu s , though
of surpris ing del icacy , i s sca rcely capable of prac
tica l applica tion , from the fa ct tha t the res is tance
o f the ca rbon does not resume i ts normal va lue on
the remova l of the pressure .

M icro-Vol t—(See Vol t , M i cro.)

M i l .—Aun it of lengt h equa l to the fi
l
o
—
g of

an inch , or .001 inch , used in meas uring the

d iameter of w ires .

M i l , Ci rcul ar -Aun it of area em

p loyed in measuring the areas of cros s-sec

t ions of w ires , equal to .78540 s quare m i l
T he area of a c irc le one mi l in d iameter.
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O ne circular mil equa ls .000000785 square inch .

T he area of cross-section of a circular w ire in
circular mils i s equal to the square of i ts diameter
expressed in mils . (See Un i ts , Ci r cu la r . )

M i l-Foot—
‘

A res is tance uni t of length of

one foot of wire or other conductor of one

mil diameter.

T he resistance of a mi l-foot of soft copper w ire
or w ire 1 foot long and .001 of an inch i n diam
eter is equa l to B . A. un i ts at 0 degrees C .

M i l , Square —A uni t of a rea em

ployed in measuring the areas of cross-sec

tions of w ires , equal to .000001 square inch .

O ne square mil equa ls c ircu lar mi l .

M i l e, Nautical —A knot , or a dis

tance of feet , or very nearly s tatute
miles .

T he af f irm. oi the earth ’

s equa torial c ir

cumference , or the of a degree of longi

tude a t the equa tor, or a bout yards .

A nautical or geographica l mile br ing the

of miles, has a value somewha t

greater than that of the statu te mile .

M i l e Standard, M atthiessen
’
s —A

s tandard of res is tance equal to the res is tance
of one mile of pure copper w ire fi g inch in
d iameter a t degrees C .

M atth iessen
’
s mi le standard has a res istance of

B . A. un its at degrees C .

M i l e, Statute —T he ordinary uni t of
d is tance on land , equal to feet .

M i l l i (as a prefix ) .—T he one-thousandth
part.

M i l l i-Ampere.
—T he thousandth of an am

pere.

M i l l i-Cal or ie.
—T he smal ler calorie. (See

Ca lor i e, Sma l l .)
M i l l i-Oerstedt.—T he one-thousandth of

an O ers tedt .

M imosa Sensi ti va.
—A sens it ive plant

w hose leaves fold or shut up when touched .

T he fibres of a l l the sen si tive plan ts , such , for
example, as the above, the '

Venus
’Fly -trap, etc . ,

l ike a l l muscular fibre , and indeed a l l protoplasm,

s uffer con traction when traversed by electric cur
l ents .

M ine, E lectro-Contact —A sub

marine mine that is fired automa t ica lly on

the complet ion of the curren t of a ba ttery

[M in.

placed on the shore through the closing of

floating contac t poin ts by pas s ing vessels.

(See M ine, Subma r ine.)
M i ne Expl oder , El ectro-M agnetic
Aform of electro-magnetic exploder. (See

Exploder , Electro—M ag neti c.)

M ine, M echan ical -A submarine
mine tha t is fired when s truck by a pass ing
sh ip by the action of some con trivance con

ta ined w i th in the torpedo i tself, and having
no connec tion wha tever w ith the shore.

M ine, O bservation —A variety of

submarine mine that is fi red w hen the

enemy ’

s vessels are observed to be w i th in the
des truct ive area of the mine. (See M i ne,

Subma r i ne.)
Var ious mean s are adopted for obta ining the

current requ ired for fir ing such m ines . Asuffi

ciently power ful battery i s generally used . An
e lectro-magnetic mine exploder may , under cer

ta in circumstances , be employed . (See .M ine

Exp loder , E l ectr a -l ll agneti c . )

M ine, Submari ne —Amass of gun

cot ton or other explos ive con ta ined in a

water-tight vessel and placed under w a ter so
a s to be exploded on the passage over it of

a n enemy’

s vessel .

A submar ine mine is a stationary torpedo ar

ranged for the defense of a harbor . A harbor
i s protected by a numbe r of mines which a re so

a rranged as to be readily exploded by the pas sage
o f an enemy ’s ship, but sa fely crossed by other
vessels .

Submar ine mines cons is t essentia lly of gun

cotton or other explos ives con ta ined in wa ter-tight
vessels anchored in very ca refu lly loca ted pos i
tions , and connected w ith the shore by means of

cables .

An opera ting-room a t the shore end of the

cable i s furnished w ith batter ies , measuring in

s trumen ts , con tact keys , etc .

, etc . , by means of

w hich the mines c an be exploded by the trans
m iss ion oi an electric curren t through the cables ;
or the mines are furn ished W i th automat ic c ir

cu i t closers in which two cen tra l poin ts are closed
by the passage of the vessel . In ordinary times
this current i s too w eak to ign ite the fuse, and
merely closes a relay in the opera ting room ,

which i n turn directs a curren t through a hel l or

indica tor , but , of course , too weak to fire the fuse .
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the co-efii cient of mutua l induction , mul ti
p l ied by the current s treng th in the primary,
w hen the primary curren t is fully es tab l ished .

When the primary curren t is fully es tablished ,

the number of l ines of force which pa ss through
the secondary c ircu i t i s equa l to the co-efii c ien t o f
mu tua l induction ,

multiplied by the s trength o f

the primary curren t.

M onophotal Arc-Light Reg ul ator .
—(See

Reg ula tor , M onopbota l Ar c

M ordoy Effect—(See Ej ect , M ordey .)
M orse Al ph abet— (See Alp/tabet , Tele

g r ap/zi c : M or se
’

s .)
M orse Inker .

—(See I nber , M or se.)

M orse Recorder .
—(See Recorder , M or se.)

M orse Reg i ster .
—(See Reg i ster , M or se.)

M orse System of Tel egraphy .
—(See

Teleg r apby , M or se Sy stem of .)
M orse

’

s Tel egraph ic Al phabet—(SeeAl

;bbabet , Teleg r ap/zi c M orse
’

s .)
M orse

’
s Tel egraph ic Sounder .

—(See
Sounder , M or se

’

s Teleg r apb i c.)

M ot ion , Energy of —A term some

times app l ied to ac tual or kinet ic energy in
contradis t inc tion to poten tia l energy. (See
Energy , Actua l .)
M ot ion , Simpl e-Harmon ic .

-M otion

wh ich repea ts i tself at regular intervals , taking
p lace backwards or forwards , and wh ich may
be s tud ied by comparison w ith un iform mo

t ion round a circle of reference—(D a n i el l )

Fzg . 3 98. Simp le-Ha rmon ic M ot ion .

M otion w hich is a simple periodic funct ion
of the time.

Suppose a pendulum be set sw inging in a cer

ta in pa th. If the path of such a pendulum , or ,

as it i s genera lly called , a con ica l pendu lum,
be

looked at from above or from be low ,
i t w ill appear

to be circular ; i f observed from one s ide i t w ill
appear elliptica l , and this elliptica l path w il l ap
pear longer and na rrower as the ey e of the ob

server approaches the level of the plane in wh ich
the bob moves , when the bob w i l l a ppear to

travel backwards a nd forw ards in a s tra ight line .

T he bob w il l appear to be moving fa ster, when it
i s moving r ight acros s the field of view .

Let the c ircle Q C R (Fig . 398) be the pa th in
which the bob moves

,
and letQA,

AB , B C ,
C 0

,

etc .
, be equa l distances in such p a th . Le t the

l inesAa
,
B b

, C c , o 0,
etc . , be drawn perpendicu

l ar to the line Q R . Then when looked a t
,
w ith

the ey e on the level of the plane in which the bob
travels , the l ine Q R

,
w ill be the pa th in which

the bob appears to move backwards and for

wards , and the l ines , Q a , a b , b c , c 0,
etc . , w ill ,

represen t the Spaces apparen tly traversed in

equa l in terva ls of time .

T he c ircle Q o R, i s cal led the c ircle of refer
ence.

M otion , Simpl e-Harmon ic, Ampl i tude of
—T he leng th of the sw ing f i om the

median pos it ion to its extreme pos i t ion , in

ei ther d irec t ion .

T he l ine 0 Q , or O R, in the c ircle of reference

Q 0 R (Fig.

M ot ion , Simpl e-Harmon i c, Negat i ve Di
rect ion of —T he mot ion w h ich a body ,
wi th a s imple-harmon ic motion , has when it

appears to move from left to right.

M otion , Simpl e-Harmon ic, Per iod of

—T he in terval of t imew hich elapses between
two succes s ive passages of a moving part icle,
over the same point , in the same d irect ion.

T he period of simple-harmon ic motion repre

sen ts the time
'

of one complete motion around a

c ircle ca lled the c ircle of reference . (See M otion ,

Si znple

M otion, Simpl e-Harmon ic, Phase of

e
-T he pos ition of a po in t executing a s imple
harmon ic motion , expressed in terms of the

interval of time wh ich has elapsed s ince

such point las t passed through the midd le
of its pa th in the pos it ive direction.

—(An
tbony 65

° B r a ckett .)
T he exact pos i tion of a par tic le execu ting a

'

s imple-ha rmon ic '

motion for any in stan t of time
can be readily expressed in terms o f the phase .



M ot ] 3 71 [Mot.

M ot ion , Simpl e-Harmon ic, Posi t i ve
D i rect ion of —T he mot ion w h ich a
“body mov ing in s imple-harmon ic mot ion has ,
w hen it appears to move from right to left .

M ot ion , Simp l e-Per iodi c —A term
sometimes employed in the sense of s imple
harmonic mot ion . (See M ot i on , Simp le

.H a rmon i c .)

M otion , Simpl e-Sine Aterm some

times employed in the sense of s imple-har
mon ic motion . (See M ot i on , Simp le-Har

m on i c.)
M otograph , Electro

'

—An appara tus
i nven ted by Edison w hereby the fric tion of a

p la tinum poin t agains t a rota ting cyl inder of

mois t cha lk, is reduced by the passage of

.an electric curren t .
This result is due to electrolytic action a t the

p oin ts of contact, varying the fr iction .

T he electro-motograph , though less cer ta in in
:i ts ac tion than an electro-magnet, may replace i t
-in certa in electric apparatus .

T he deta iled construction of the electro moto
g raph w i l l be understood from an inspection of

Fis 399
T he lever A, pivoted w ith a un iversa l join t at

-C
, has

'

a meta llic poin t at i ts free extremity F
,

resting on a str ip of moistened paper N, and held
a ga ins t i t w i th some pressure by the a c tion of the

spr ing S. T he paper N,
rests on the metallic

.d rum G , over which it i s moved on the rota tion

.of the drum by c lockwork . A spr ing R, acts to
-move the lever A, in a d irec tion oppos ite to tha t
' i n whi t h it tends to move by the rota tion of the

.drum G .

T hema in battery L , i s connected a t i t s negative
p ole to the poin t F, and a t i ts posi tive pole , through
the key K, to themeta llic drum G . T he loca l ba t
tery L B , is connected through the sounder X , to

t he con tacts D and X .

When the key K, i s open , the fr ic tion of F,
on

the paper N, i s suffic ien t to move the lever A,
to

'

the right so as to c lose the c ircui t of the loca l
ba ttery , bu t w hen the k ey K , i s depressed , the
«curren t of L , passing through the paper , decom
p oses the chemica ls w i th w hich i t i s moistened ,
lessens the fr iction of the po in t F, and permits the
s pring B , t o draw the lever A, to the left , thus
.Open ing the c ircui t of the loca l ba ttery L B .

T he movemen ts of the key are therefore repro
d uced by the a rmature of the electro-magnet X .

An excellent loud speaking telephone has been
devised by Edison on the principle of the electro
motogra ph .

Motor , Compound-Wound An elec

tric motor whose field magnets are exc ited by
a series and a shun t w ire . (See M a clzine,

Dy namo-Electr i c, Compound Wound .)
M otor , Di fferential l y Wound —A

compound-wound motor, in wh ich the cur

rent in the shun t coils Opposes in its magnet
i zing eff ec ts the curren t in a series coil , so

that the effic ient magnet iz ing effect produced
is the d ifference in the magnetizing effec t of

the two coils .

M otor , El ectr ic —Adev ice for t rans
forming electric power into mechanica l
power .

Al l prac tica l electric motors depend for their
opera tion on the tendency to motion in a mag

netic fie ld of a conductor carrying a current or

on magnetic a ttraction or repu lsio n . T he en tire
magnetism may be produced by the curren t, or
par t may be obta ined from permanen t magnets ,
and the res t from electro-magnets .

Adynamo-electr ic machine w ill act as a motor
i f a cu rren t is sent through it . Such a motor i s
sometimes ca l led an el ectro motor . The term
e lectr ic motor w ould , however, appea r to be the

preferable one .

In all cases the rota tion is in such a direction as
to induce in the arma ture an electromotive force
opposed to tha t of the dr iving curren t this i s
therefore ca lled the counter electromotive force.

Amagneto-dy namo, or a dynamo the field of

which is obta ined from permanent magnets , or a

s epara tely ex ci ted dy namo, w il l opera te as a

motor when a curren t is sen t through i ts a rma ‘

ture, and w il l turn it in the oppos i te di rection to

that required to drive i t in order to produce a

curren t in the same directio n

A s er i es dy namo w ill opera te as a motor w hen
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a curren t i s sen t through it. If the curren t i s
sen t through i t in the oppos ite direc tion to tha t
w hich it produces when i n opera tion as a gener

a tor , the polar ity of the field i s reversed and the

dynamo w ill turn as a motor in the oppos i te di rec
t ion to tha t requ ired to produce the current. If

the curren t is reversed , the polar ity of bo th the
fi eld and the armature i s aga in reversed , and th e

dynamo stil l rotates as a motor in the oppos i te

direct ion to tha t in which i t is rota ted as a

genera tor .

A ser ies dy namo, tberef ore, a lway s r otates as a

motor in a di r ect ion oppos i te to t/za t of i ts r otation

as a genera tor .

When , however , the po larity of the fie ld on ly
is reversed by changing the connec tion betw een

the arma tu re and the field , the rota tion is in the

same di rection.

A sbun t dy namo operated as a motor w ill a lso
turn in but one direc tion , but t/zi s di r ect ion i s the

s ame a s t/zat in whi ch i t turns w /zen oper a t ing
a gener ator ; for i f the direc tion of the curren t

in the armature i s the same as in a generator ,
tha t in the shun t i s reversed .

A compound wound dy namo w il l move in a

d i r ect i on oppos i te to tha t of i ts motion as a gene

ra tor i f the ser ies par t is more pow erfu l than the
shun t , and in the some di r ect ion if the shunt part
i s more powerful tha n the series . T o use a com

pound-wound dynamo as a d ij
’

er en t ia l motor the
connections need not be changed . For a cumu

l a t iv e mo tor i t i s necessary to reverse the connec
tions of the ser ies coils .

Al terna t ing Cur rent Dy namo.
-The cur ren t

from an a l terna ting-cur ren t dynamo, i f sen t
through another s imi lar a l terna ting-curren t dy
namo runn ing a t the same speed , w ill drive i t as a
motor . Such a machin e possesses the d isadvan
tage of requir ing to be ma in ta ined a t a Speed de
pending ou tha t of the d riving dynamo , and a lso
tha t i t requ ires to be brought to nea rly th is Speed
be fore the dr iving curren t is supplied to i t . As a
resu lt of this las t requ iremen t, varia tions in the

load are apt to stop the mo tor . Con siderable
improvemen ts , how ever , are be ing in troduced
into a lterna te-curren t motors , by which these
diffi cu lties a re a lmos t en tirely removed .

An a lterna ti ng -curren t sen t through any sel f
exc iting dynamo e lectric machine , s uch as a

shun t or ser ies machine, w il l drive i t con tinu
ously as a motor . T he sudden reversa ls in the

magneti za tion of i ts cores w i ll , however , un less
th e cores are thoroughl y lamina ted , se t up power

[Mot.

fu l eddy curren ts tha t w i l l injur iously heat the
machine, and there is also excess ive sparking at

the brushes .

T he r ev er s ibi l i ty of any dy namo-electr i c ma

cbine, or i ts abili ty to operate as a motor i f sup-r
pl ied w i th a curren t, leads to a fact of grea t
importance in the effi c iency of electri c motors ,
viz . : tha t dur ing ro ta tion there i s induced in the
armature dur ing i ts passage through the field of

the machine, an elec tromotive force Opposed to

tha t produced in the arma ture by the dr iving
curren t, or a counter el ectromot ive f or ce. (See

Res i s tance
,
Spur ious . For ce , Coun ter E lectr o

mot i ve . ) This coun ter electromotive force ac ts
as a spur ious res i s tance, and opposes the passage
of the driving curren t, so tha t, as the speed of the

elec tr ic motor increases
, the s trength o f the dr iv

i ng current becomes less , un ti l , w hen a cer tai n
max imum speed i s reached , very li ttle curren t
passes . In actua l practice, this max imum speed
i s not a tta ined , or i s on ly momentar ily a tta ined

,

and a smal l, nearly constan t, curren t i s expended.

i n overcoming friction a t the bear ings , a ir fric
tion , etc .

When , however, the load i s placed on the

mo tor , tha t is , when i t is caused to do work
, the

speed i s reduced and the coun ter e lectromotive
force is decreased , thus permi t ting a grea ter cu r
ren t to pass . T he fac t tha t the load thus auto
ma t ica l ly regula tes the curren t requ ired to dr ive
the mo tor

,
renders elec tr ic motors very economi

ca l in opera tion .

The re la tions between the power requi red to

drive the genera ting dynamo , and tha t p roduced
by the e lectr ic mo tor

, are such tha t fi l e ma x imum:

w ork per second i s done by t/ze motor w /ze
‘

n i t

r uns a t sue/z a r a te t/za t t/ze count er el ectr o

mot iv ef or ce i t pr oduces is ba lf t/za t of t be cur r ent

supplied to i t . T he maximum work or activity of.

an elec tr ic motor is therefore done when i ts theo
retica l effi c iency i s on ly 50

'

per cen t. This,
however , mus t be carefully distinguished fr om.

the maximum effi c iency o f an e lectr ic motor . A
maximum effi c iency of 100 per cen t. can be a t

ta ined theoretica lly and , in ac tual pra ctice , con
s iderably over 90 per cent . i s obta ined . In such
cases , however , the motor i s doing work a t less
than i ts max imum pow er .

This i s Jacobi’s law of maximum effect, but
does not apply to a ctua l motors on a ccoun t of the
l imi ta tions of cur ren t carrying capaci ty . For

example, a motor of 9 horse pow er and . 90 per

cen t . effi ciency loses r horse-power in hea t w i thin
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the passage of air through the portion of the iron
tubes so screened. T he a ir is supplied to the

furnace by pass ing down from above through the

t ubes so screened . This is shown in the draw
ings, the direc ti on of the heating and the cool ing
a ir curren ts being indica ted by the arrows . T he

Fig . 4 0 1 . Py r omag
'

net i c M otor .

s upply of a ir from above thus insures the more

rapid cool ing of the screened portion of the

t ubes .

M otor , Rotat ing-Current An
e lec tric motor des igned for use w ith a rota t
i ng elec tric curren t .

Un l ike a lterna ting curren t motors , rota ry-cur
ren t motors w ill , l ike con tinuous -current motors,
readily star t With a load . (See Curr ent , Rota t ing . )

M otor , Ser i es-Wound An electric
motor in w h ich the field and arma ture are

connec ted in series w ith the external c ircui t as
in a series dynamo. (See M a c/zi ne, Dy namo

Electr i c , Ser i es Wound .)

M otor , Shunt-Wound An electric
motor in w h ich the field magnet coil s are

p laced in a shun t to the armature c ircui t .

(See M a c/zi ne, Dy namo-E lectr i c , S/zunt

Wound .)

M otor Standards. (See Sta nda rds ,

M otor .)

M oul ded M ica—(See M i ca , M oulded.)

M oul d ing , El ectr ic Wood M ould
ing of dried , non-conducting wood , provided
w ith longitud ina l grooves for the reception
and support of electric wires or conductors .

Wood mouldings a re employed for the protec
tien and concea lmen t of electr ic conductors.

M oul ding Wi r ing. (See Wi r i ng ,

M ouse-M i l l Dynamo. (See Dy namo,

M ouse-M i l l .)

M ouse-M i l l M ach i ne —(See M acnine,

M ouse-M i l l

M outh Pi eces—(See Pi eces , M oul k .)

M ovabl e Secondary.
—(See Seconda ry ,

M ovaol e.)

M over , Pr ime In a sys tem of d is

t ribut ion of power the motor by w hich sec

ondary motors or movers are driven .

In a steam plan t, the steam engine i s the prime
mover ; the sha fts or machines driven by the ma in
shaft are sometimes ca lled the secondary movers .

T he ma in shaft is called the dr iving sha ft . I ts

motion i s carr ied by means of belts to other
sha fts , called driven sha fts. T he pulleys on the

driving or driven sha fts a re ca lled respec tively
the dr iving and driven pulleys .

M overs, Secondary T he shafts or
machines driven by the ma in shafts in order
to d is t inguish them from the s team engine or

other mover w hich drives it . (See M ot/er ,

Pr ime.)
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M ul t i ~Cel lul ar El ectrostat ic Vol tmeter.

—(See Vol tmeter , M ul t i-Cel lula r Electr o

sta ti c .)

M ul t iphase Current. (See Cur r en t , M ul

t ip/ca se.)

M ul t i phase Dynamo. (See Dy namo,

M ul t iona se.)

M ul t i phase System—(See Sy stem ,

'

M u l t i

p lza se.)

M ul ti pl e-Arc Ci rcui t. (See Cir cu i t ,

M ul t i pl e-Arc-Connected El ectro-Recep
t i ve Devi ces—(See D er/i ces , Electr o-Recep
t i v e, M u l t ip le-Ar c Connected .)

M ul tipl e-Arc-Connected Sources—(See
Sour ces , M u lt ipl e-Ar c Connected .)

M ul t i pl e-Arc-Connected Transl at i ng De
v i ces—(See D ev i ces , T ra ns la t i ng . M u l

t iple-Ar c-Connected .)

M ul t i pl e-B rush Rocker .
—(See Rocker ,

M ul t iple-B r usk

M ul t i pl e-B rush Yoke
—(See Yoke, M ul

t ip le-Pa i r B r us l i .)

M ul ti pl e Cabl e Core.
—(See Caole, M ul

t ip le-Cor e.)

M ul ti pl e Ci rcui t—(See Ci r cu i t , M ul

M ul tipl e Condu i t. —(See Condu i t , M u l

M ul t i pl e-Connected B atter y . (See B a t

t ery , M u ltZLole Connected .)

M ul ti pl e-Connected El ectro-Recept i ve
Devi ces—(See D ev i ces , Electr o-Recept i z/e,
M ul t iple Connected .)

M ul t i pl e
-Connected El ectro-Recept i ve

Devices,Automat ic Cut-Out for —(See
Cut—O ut , A a toma t i c,f or M u l t iple-Connected

E lectr a-Recept i ve D ev i ces .)
M ul tipl e

-Connected Transl at i ng Dev ices.
—(See D er/ i ces , T r ans la t i ng , M u l t iple-Con

nected .)
M ul t ipl e Connect ion .

—(See Connect i on ,

[Mu].

M ul t ipl e Di stri bution of El ectr i ci ty by
Constant Potential Ci rcui ts—(See Elec

tr i c i ty , M ul t ip leD i str i but i on of , by Consta nt

Potent i a l Ci r cu i ts .)

M ul t ipl e El ectri c-Gasl ight i ng.
-(See

Ga sl zgnt ing , M ul t ifile Electr i c .)

M ul tipl e-Ser ies.—A mul t iple connec t ion
of series groups . (See Connect i on , Ser i es

Usage in regard to this term is divided . By

some the termmu ltiple-ser ies i s applied to a series
connec tion of parallel groups. This is done on

accoun t of the order of the words , mul tiple-series
indicating, i t is cla imed , a ser ies connection of

mul ti ple groups.

M ul t i pl e
-Ser ies Ci rcui t. -(See Ci r cui t ,

M ul ti pl e-Ser ies-Connected El ectro-Re
cept i ve Devi ces. -(See D er/ i ces , E lectr o

Recept i v e, M ul t iple Ser i es Connected .)

M ul t ipl e Ser ies Connected Sources.

(See Sour ces , M ul tzp le-Ser i es-Connected .)

M ul t ipl e
-Ser ies-Connected T ransl at ing

Dev ices—(See D ev ices , T r ansla t i ng , M ul

t iple Ser z
'

es Connected .)

M ul ti pl e-Ser ies Connection—(See Con

nect i on , M u lt ip le-Ser i es . )

M ul ti pl e-Sw i tch B oard. (See B oa rd ,

M ul t i pl e T ransformer . (See T r a ns

f ormer , M ul t ip le.)

M ul t ipl e T ransmi ss ion—(See Tra ns

mi ss ion , M ul tiple.)

M ul t i pl e Work i ng of Dynamo-El ectr ic
M ach i nes—(See Worki ng , M ul tzp l e, of
Dy namo

-Electr i c M a cb i nes .)

M ul t i pl ex Tel egraphy. (See Teleg

r ap/zy , rldu l tzlolex .)

M ul t i pl icator .
—A word somet imes used

for mult ip l ier.

M ul t ipl ier , Gal van i c —A term for

merly app l ied to a ga lvanometer. (See Ga l

v a nometer .)

M ul t ipl ier , Schweigger
’
s —T he

name firs t gi ven to a coil cons is t ing of d
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number of turns of insulated w ire, prov ided
for the purpose of increas ing the s trength

‘

of

the magn etic field produced by an elec tric
curren t , and consequen tly the amoun t of its
deflec t ing power on a magnet ic needle.

Schweigger
’
s mu l tipl ier w as in fac t an early

form of ga lvanometer. (See Ga lv a nometer . )

M ul tipl y i ng Power of Shunt. (See
Sbunt , M u ltzloly i ng Power of .)
M ul t ipol ar Armature—(See Arma ture,

M ul tzpola r .)

M ul tipol ar Dynamo-El ectr ic M ach i ne.

(See M ac/zine, Dy namo-El ectr i c , M ult zloo

la r .)
M ul t ipol ar-El ectr i c B ath .

—(See B a t/z,

M ul tipol a r Electr i c.)
M uscl e Curr ent—(See Cur r en t , M uscle.)
M uscl es, El ectr ical Exci tation of

(See Ex ci tation , Electro-M uscula r .)

N.
—A contract ion employed in ma the

mat ical wri tings for the w hole number of

l ines of magnetic force in any magnetic c ir

cuit .

N—Acontract ion for North Pole.

This N, may be dis tinguished from the N , used
for express ing the whole number of l ines of mag

netic force , by making the former light and the
latter heavy .

N. H. P.
—A contraction for Nominal

Horse-Power.

Nomina l horse-pow er i s a somewha t indefi
n ite term for a. quan ti ty dependen t on the length
of s troke and the dimension s of the cy lin

der . This quan tity i s a dependen t one, be

cause i t varies necessar ily w ith the type of en

gi ne .

Nascent State—(See Sta te, Na s cent.)

Natural Currenta—(See Cur r en ts , Na t

ura l )

Natural LaW.
—(See Law , Na tur a l .)

Natural M agnet - (See M ag net , Na t .

l ura l .)

[Ncc.

M uscul ar , El ec tro Pertaining to

the influence of elec tricity on the muscles .

M uscul ar or Nerve Fi bre, Exci tabi l i ty .

of (See Ex c i ta bi l i ty , Electr i c, of
Nerv e or M uscula r F i br e.)

M uscul ar Pi l e, M atteucci
’

s

Pi le, M uscula r , M a tteucci
’

s .)

M usket , El ectr i c A gun in which
the charge i s ign i ted by a p la tinum w ire ren

dered incandescen t by the act ion of a bat

te
'

ry p laced in the s tock of the gun .

M utual Inductance—(See I nductance.)

M utual Induction . (See Induct ion ,

M utua l .)

M utual Induct i on , Cc-efii cient of

(See I nduct i on , M utua l , Co-efi ci ent of .)

M yr ia (as a prefix ) . -Amil lion t imes .

Natural Un i t of El ectr i ci ty.
-(See El ec

tr i ci ty , Na tur a l Un i t of .)

Natural Un i t of Quant i ty of El ectr ic i ty ,
—(See E lectr i ci ty , Un i t Quant i ty of , Na tu

r a l )
Nautical M i l e—(See M i le, Na ut i ca l .)
Needl eAnnunciator .

—(SeeAnnunci a tor ,

Needl e, Astat i c Acompound mag
netic need le of grea t s ens ibility , possess ing
l i ttle or no d irec tive power.

An as ta tic needle cons is t ing Of two separa te
magn etic need les , rigidly connec ted together
and placed pa ra l lel and d irectly over each

o ther, w i th Opposi te poles opposed .

An as ta tic needl e is shown in Fig. 402. T he

two magnets N S, and S
'N'

, are direc tly opposed
in their polari ties , and are r igidly connected to

gether by means of the axis a, a . 80 disposed ,
the two magnets ac t as a very weak s ingle needle
when placed in a magnetic field .

Were the tWo magnets N S, and S
' N'

, Of ex
actly equa l s trength , w ith their poles placed in
exac tly the same vertica l plane , they would com

pletely neutral ize each other , and the needle
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netic decl inat ion tha t take p l ace at regular

peri ods of the year.

T he annua l variations of the magnetic field were
d iscovered by Cass in i in 1 786.

Needl e, M agnetic, Dai l y Var i ation of

—Variations in the va lue of the magnet ic
decl ina tion tha t take place at differen t periods

of the day .

It was noticed , for example , in London tha t the
nor th pole of the magnetic needle begins to move
westwa rd between 7 and 8A. M . and con tinues
this movemen t until 1 P. M . , when i t begins to
move towards the eas t un til near 10 P. M .

,
when

i t aga in begins i ts w estward course .

Needl e, M agnet ic, Damped —A
magnetic need le so placed a s to quickly come
to res t after it has been set in mot ion . (See

M agnetic damping i s readil y eflected by caus
ing the needle to move near a meta llic plate. O n

the motion of the needle the curren ts set up in the
pla te by dynamo-e lectr ic induction tend , accord
ing to Lenz

‘

s law , to oppose the motions pro
ducing them. (See Induct ion , E lectr a-Dy nami c.

Law s
,
Lenz

’
s . )

Needl e, M agnetic, Decl inat ion of

T he angular dev ia t ion of the magnetic need le
from the true geographica l north.

T he varia t ion of the magnet ic needle.

The decl ination of the magnetic needle i s either
E. orW. (See Decl ina tion , Ang le of . )
Decl ination , or var ia tion ,

i s d ifleren t at dif
feren t parts of the earth ’

s surface .

Lines connect ing places w hich have the same

value and direction for the declina tion are ca lled
isogonal l ines . Achart on which the isogona l
l ines are marked i s cal led a variation chart .
T he value of the declination var ies a t d it .

ferent times . These variations of the decl ina ti on
are :

Secula r , or those occurr ing dur ing grea t
in terva ls of time. Thus , in London , in 1 580 the

magn e tic needle had a varia tion of abou t 1 1

degrees east . This ea stern decl ina tion decreased
in 1 622 to 6 degrees E.

,
and i n 1 680 the needle

poin ted to the true north . In 1 692 the decl ina
t ion w as 6 degrees W . ; in 1 730, 1 3 degrees W . ;

in 1 765 , 20 degrees W. ; and i n 1818 the needle
reached i ts greates t western decl ina tion and i s

[Nee.

now moving eastwards . T he decl ination , how
ever , is still west.

Annua l , the needle varying slightly in i ts
declina tion during d iflerent season s of the year.

D iur na l
,
the needle varying slightly in i ts

declina tion during difleren t hours of the day .

Irr egula r , or those which occur dur ing
the preva lence of a magnetic storm .

It has been d iscovered tha t the occurrence of a

magnetic storm is s imul tan eous w ith the occur

rence of an unusua l number of sun spots . (See

Spots , Sun . )

Needl e, M agnet ic, Deflect i on of

T he movement of a needle out of a pos ition of

res t in the earth ’

s magnet ic field or in the

field of another magnet , by the ac t ion of an

electric curren t or another magnet.
T he deflection of the needle i s sometimes ca lled

i ts elongation . Thi s latter term i s
,
how ever , but

l i ttle used , and i s unnecessary .

Needl e, M agnetic, Di pp ing
—A

magnet ic needle suspended so as to be free

to move i n a v ert ical plane, emp loyed to de

termine the angle of cl ip or the magnetic in
c l inat ion . (See D z} , M ag net i c. Incl i na t i on ,

M ag net i c. I ncl i nometer . Clza r t , Incl i na

t i on .)
Adipping needle is shown in Fig . 406. T he

angle B O C , which marks the defl a tion of the

needle from the hor izon ta l posi tion , i s called the

angle o i d i p .
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Needl e, M agnetic, Di recti ve Tendency of
-T he tendency of a magnetic needle to

move so as to come to res t in the direc tion of

the l ines of the earth’

s magnetic field .

T he directive power o f the magnetic needle is
due to the a ttraction of the earth’smagnetic po les
for the poles of the needle, or to the ac tion of the

earth’s magnetic field . Since the force ‘

of the

earth’s magnetism forms a couple , there i s no

tendency for the needle to move bodily forward
tow ards either of the ear th ’

s poles . Its tendency
i s merely to rota te until i t comes to rest w ithin
the l ines of the ear th’s magnetic field , en tering a t

i ts south pole, passing through i ts ma ss and

coming out at i ts nor th pole .

O f course this w ou ld be true in the case o f a

directing magnet on ly when i t i s a t a grea t d is
tance from the needle . O therw ise, there would
be motion towards the poles as well as rota tion .

Needl e, M ag netic, Incl i nation or Dip of

—T he dev ia tion of a mechan ica lly bal
anced magnetic needle from a horizonta l po
s ition .

T he direction of a magnetic needle in all parts
of the earth , except a t the magnetic equa tor ,
diflers from a level or horizon ta l position . O ne

of its ends incl ines or dips towards the ground .

(See D ip , Ill agnet i c. Needle, M agnet i c, D ipp ing . )

Needl e, M agnet i c, O r ientation of

T he coming to res t of a magnet ic need le in
the earth ’

s magnetic field .

Needl e, M agneti c, Var iat ion of

T he angular deviat ion of a magnetic need le
from the true geographic north .

T he declination of the magnetic need le .

(See D ecl i na t i on .)

Needl e of O sci l l ation —Asma l l magnet ic
needle employed for measuring the in tens ity
of a magnetic field by counting the number of
osc illations the needle makes in a g i ven time ,

when d is turbed from its pos it ion of res t in
such field . (SeeM ag net i z a t i on , In tens i ty of .

L ines , I sody nam i c.)
This use of a magnet i c needle i n determin in g

the magnetic in ten sity of any place i s ana logous
to the use of the pendu lum in determi n i ng the in

ten s i ty of gravity a t any place .

Suppose , for example, that a t a certain pl ace the
needle made 245 osc i lla ti ons i n ten minutes , and

3 79 [Neg.

tha t at another place it made 21 1 in the same

ti me . Then the rela tive intensi ties a t these two

places w ould be as the square of these two num

bers, or as 1

Needl e, Tel egraph ic —Aneedle em

p loyed in telegraphy to represen t by its move
ments to the left or righ t respect ively the dots
and dashes of the M orse a lphabet . (See
Teleg rap/cy , Needle Sy stem of .)

Needl e, Throw of —Aphra se some

t imes used for the angular deflect ion of a

needle , part icularly w hen the need le is sw ing
ing .

T he displacemen t of the magnetic needle is
ca lled the deflection ,

the elonga tion , or the throw .

T he first w il l appear to be the preferable term

when the needle comes to rest in a displaced pos i
tion .

Negati ve Charge—(See Cfi a rg e, Neg a

t i v e.)
Negat i ve Di rect ion of El ectr i cal Con
vect ion of Heat —(See D i r ect i on , Neg a t i v e,

of Electr i ca l Conv ect i on of H ea t .)

Negati ve Direct ion of Simpl e-Harmon ic
M ot ion .

—(See M ot i on , Simp le-H a rmon i c ,

Neg a t i ve D i r ect ion of .)

Negat ive El ectr i ci ty.
—(See Electr i ci ty ,

Neg a t i v e.)

Negati ve E l ectrode—(See Electrode,

Negat i ve El ement of a Vol ta ic Cel l .

(See El ement , Neg a t iv e , of a Vol ta i c Cel l .)
Negat i ve Feeders— (See Feeder s , Neg a

t i v e.)
Negati ve Omn i bus B ars.

—(See B a r s ,

Neg a t i v e Omn i bus .)
Negat i ve Phase of El ectrotonus .

—(See

E lectroton i cs , Neg a t i ve P/ca se of .)
Negat i ve Pl ate of Storage B attery .

(See Pla te, Neg a t i v e, of Stor ag e Cel l . )
Negat i ve Pl ate of Vol ta ic Cel l .—(See

Pla te, Neg a t i ve, of Vol ta i c Cel l .)

Negat i ve Pol e—(See Pole, Neg a ti v e.)

Negati vePoten tia l .—(SeePotent i a l ,Neg

a t i v e.)
Negat i ve Si de of Ci rcui t—(See Ci r cu i t ,

Neg a t i v e Si de of .)
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Negat i veWi re.
—(See Wi r e , Neg a t i v e.)

Negativel y .
—In a nega tive manner.

Negati vel y Exci ted—Charged w ith nega

t ive electrici ty . (See Electr i c i ty , Neg a t i ve.)

Nerve or M uscul ar Fi bre, Ex ci tabi l i ty
i

of —(See Ex ci tabi l i ty , Electr i c , of
Nerv e or M uscula r F ior e.)

Nerves, Action of El ectr ici ty on
S timulating and other ac tions produced in

nerves by the pas sage of electricity through
them , dependen t on the d irection and char
a c ter of the current . (See E lectr otonus .

Ga lv a n i z a t i on . Fa ra di z a t i on . Ga lv a no

Fa r a di za t ion .)

Net , Faraday
’
s —An insula ted net

of cotton gauze, or other s imilar ma terial ,
c apable of being turned ins ide out wi thou t
being thereby d ischarged, emp loyed for de
monstrat ing tha t in a charged, insulated con

duc tor the ent ire charge i s accumula ted on

the outer surface of the conductor.

Faraday’s net, a s shown in Fig . 407, consis ts
o f a bag N , of cotton gauze, or mosquito netting ,
suppor ted on an insu la ting s tand I . When tes ted
by a proof plane, no free electric charge is foun d
on the inside, though such a cha rge i s readily
detected by the same means on the outside . By
the a id of the s i lk strings S, S, the bag can be

turned ins ide out, w hen the charge w ill then a l l

be found on the then in side, or the now outs ide .

Faraday was in the habit of protecting hi s
d el icate e lec troscopes aga inst outside electrifica
tion by covering them w ith gauze . T o proper ly
a ct a s an electric screen , the gauze shou ld be con

n ected w i th the earth .

Faraday constructed a smal l in sula ted room
,

[Nig.

twelve fee t in height, breadth and depth, covered
on the inside w ith tin-foil , and , on charging this
room from the outside, he w as unable to detect
the presence of any char ge on the in s ide, even by
the a id of h is most del icate instruments . This
room is often referred to as Faraday ’s Cube .

Nets, Torpedo —Steel wire netting
suspended from or a ttached to a ship

'

s s ide

for the purpose of ensuring protec tion agains t
moving torpedoes .

0

Network of Curren ts.—(See Cur r en ts ,

Network of . Law s ,

Neutral
Neutr a l .)
Neutral Feeder .

— T he feeder that is

connec ted w ith the neutra l or intermediate
terminal of the dynamos in a three-w ire sys

tem of dis tribution . (See Feeder s .)

Armature—(See Arma ture,

Neutral Li ne of Commutator Cyl i nder .

—(See L i ne, Neutr a l , qf Commuta tor

(See
‘

B a r s ,Neutral Omn ibus B ars.

Neutr a l-Omn i bus .)

Neutra l Poi nt—(See Point , Neutr a l .)

Neutral Poi nts of a Dynamo-El ectr i c
M ach i ne—(SeePoi n ts ,Neutr a l , of Dy namo
E lectr i c M a ck i ne.)

Neutral Poi n ts of M agnet—(See Poi n ts ,
Neutr a l , of M ag net .)

Neutral Poi n ts of Thermo-El ectr i c Di a
gram.

—(See Poi n ts , Neutr a l , of Tkermo

E lectr i c D i ag r am.)
Neutral-Rel ay Armature —(See Arma

tur e, Neutr a l-Relay .)
Neutral Section of M ag net—(See Sec

t i on , Neu tr a l , of M ag net .)
Neutral Wi re—(See Wi r e, Neutra l .)

Neutral Wi reAmpere-M eter.
—(See Am.

por e-M eter , B a la nce or Neutra l Wi r e.)

New Ohm.
—(See 0m , New .)

N ickel B ath.
—(See B a t/z, Ni ckel .)

N ick el i ng , El ectro —Elec troplat ing
w i th nickel . (See Pla t i ng , Electr o.)
Ni ckel-PIat ing . (See Pl a t ing , Ni ckel .)

Nigh t B el l .—(See B el l , Nzgk t .)



https://www.forgottenbooks.com/join


Nom.]

-Nominal Candle-Power. (See Power ,

Ca nd le, Nomi na l .)
Non-Automatic Vari abl e Resistance.

(See Res i stance, Va r i able, Non-Aa toma t i c.)
Non-Conductors —Subs tances tha t offer

so grea t res is tance to the passage of an e lec

tric current through their mas s a s to practi

cal ly exclude a discharge passing through
them.

Non -conductors are cafiled i nsu lators , because
they electrica lly insu late subs tances placed on or

surrounded by thcm.

T he terms non-conductors or insulators are

ordinar ily used in a rela tive sense to mean bodies
which a l low no practica l or apprec iable curren t
to pass through them, s ince there are no sub

stances known ,
apart, perhaps , from the un iversa l

ether , tha t absolutely preven t theflow of an e lec
tric curren t, the difference of potentia l of which
i s suffic ien tly great.
T he en tire absence of ordinary ma tter

,
a s in the

case of a h igh vacuum , appears to render a high
vacuum very nearly , i f not entirely , an absolute
insulator .

Non-El ectr i cs .
—A term formerly appl ied

to subs tances l ike meta ls or other conduc tors
wh ich appeared not to become elec trified by
friction .

T he term non-electric , w as used in contrad is

tinction to electr ics, or substances readily elec
tr ified by friction . T he disti nction no longer
holds, since non e lectrics , i f insula ted , are readily
electrified by fr iction.

Current-Di str ibu

Non-Homog eneous ,

Non-Homogeneous
t ion .

—(See Cur r en t ,

D i str i but i on of .)

Non-I l l umined El ectrode—(See
tr ode, Non

Elec

Non-Inducti ve Res i stance - (See Res i s t

a nce, Non-Induct i v e.)

Non-O sc i l l atory Discharge—(See D i s

c/za rg e, Non-O sc i l l a tory .)

Non-Pol ar ized Armature - (See Arma

tur e, Non-Pol a r i z ed .)

Non-Pol ar i zabl e El ectrodes—(See Elec
tr odes , Non-Pola r i z a ble.)

Non-Wast i ng El ectrode—(See El ectrode ,
Non Wa st i ng .)

Normal Day , M agnet ic

Norma l M ag net i c .)

Northern Light. T he Aurora B oreal is .

(SeeAuror a B or ea l i s .)

Notat ion , Algebraic —A sys tem of

arbitra ry symbols employed in a lgebra .

T he follow ing br ief descr iption of the nota tion
employed in algebra i s for the u se of the non

ma thema tical reader.

Quant i t ies are represen ted in a l gebra by let
ters , such as a , and b, x , and y , e tc.

Addi t ion i s represen ted thus : a b .

Subtra ct ion is represen ted thus : a—b .

M ul t ipl i ca t ion i s represen ted thus : a X b, or “

simply by writing the letters next to each other ab .

a

D i v i s i on i s represen ted thus : a b, or b

An Exponent , or figure placed to tke r igkt of a
letter

,
above i t as a 3 , indicates tha t the quant i ty

represen ted by a , is to bemul t ip l ied by itsel f three
'

times , as a X a X a , or a a a .

ACo-cjfi ci en t , or figure placed to tke l ef t of a:

quan ti ty, indica tes the number of times tha t quan
t ity i s to be taken ; thus, 3 a , indica tes tha t a i s to
be a dded three t imes , thus : a a+ a , or 3 x a .

ARa di ca l Si gn or Root , thus «3 ,
or a .

indicates that the squa re root of the quan tity a r
i s to be taken . In the same manner w a , indi
ca tes that the cube root of a i s to be taken .

These ex ression s are some times wri tten a
}

orP 1

at

Equa l i ty i s indica ted thus : a s -
a X a Xa , or

I

3
2

exponen t o f the reciproca l o f the quan ti ty indi-r
ca ted.

Anega tive exponen t a” indica tes or i s the

Nul l or Zero M ethod .
—(See Af etnod ,

Nul l or Zer o.)

Nul l Poi nt—(See Poi n t , Nul l .)

Number , Di acr i t ical Such a num

ber of ampere-turns a t w hich a g iven core

w ould receive a magnetizat ion equa l to half



12.
—A con trac tion for megohm. (See

Obm, M eg .)

cam—Acon traction for ohm. (See 06m .)
Obscure Heat—(See H ea t

, Gos cu re.)
Observation M ine—(See M i ne, O bser v a

t ion .)
Observatory, M agneti c —An c bser

vatory in wh ich observa tions of the va ria t ions
in the direc tion and in tens i ty of the earth '

s

magnetic field a re made.

M agnetic observatories are genera lly furn ished
With sel f-registering magneti c apparatus , ' such as

magnetog
‘

raplzs , magn etometer s , incl inometer s .

(See M agnetomete r . M agnetogr ap/i . fncl inonze

ter . )
M agneti c observa tories are genera l ly con

structed en tirely of non-magnetic mater ial s ; tha t
is, of such ma teria ls as are desti tute of p a r amag

neti cproper ties .

ObtuseAngl e.
—(SeeAng le, Ootuse.)

Occl usion of Gas—(See Ga s , O cc lus i on

Odorscope.
—An appara tus in ewh ich the

determination of an odor was a t tempted by
the measurement of the effect the odorous
vapor, or effluvia , produced on a variab le
contac t res is tance.

T he mi crota s imeter w as u sed in con nection
w ith the odorscope . (See D i agometer , Rous

seau
’

s . M i crota s imeter . )

Oerstedt, An -Aproposed term for

the uni t of electric current , in p lace o f an

ampere.

The term has not been adopted .

Ohm—T he un i t of electric res is tance.

Such a res istance as wou ld l im i t the flow
of electricity under an electromotive force of

one vol t to a curren t of one ampere, or to one
coulomb per second . (See Un i t , R A.

Leg a l . O lzm, Sta nda rd .)
Avalue equal to 10

°
absolute elec tro-mag

net ic un its .

A value w h ich is represented by a veloc ity
0

of t o , or t ,ooo,ooo,ooo cen t imetres per second.

Fig . 4 1 0. lws i sta nce a s a

duced electromoti ve force i npressed upon the cir

cu it, which w il l cause a curren t to flow through
the slider from Ato B . Let the ra ils have no

resistance , then the strength of the curren t w ill
depend on the resistance ofAB . Now , le tAB ,

move a t such a rate that the curren t shal l be of

un it s trength . If i ts res istance be one absolute

(electro-magnetic ) uni t , it need on ly move a t the

rate of I cen timetre per second . If i ts resistan ce
be grea ter, i t must move wi th a proportionately

It may be difficul t a t first to see how resi stance
can be correctl y represented by a ve loc ity . T he

follow ing cons idera tion may render this c lea r
T he formula for calcula ting the veloc ity is

D
V ‘

T, or the veloc i ty equals the dis tance passed

through in un i t time. Now , by examin ing the

formula for the va lue of the resis tance , expressed
in terms of the elec tro-magnetic un its (see
Un i ts

,
E lectr a-M agnet i c, D imens ions of ) , i t may

be seen to be tha t resistance
Electromotive force L

Cur ren t. '

1
‘

But this value i s of the nature of a veloc i ty ,
be ing equa l to the length , divided by the time.

Res istance, therefore , has the dimens ions of a

veloc ity.

This is clear ly expressed by Silvanus P. T homp
son in his “ Elementary Les sons in Electr ic i ty
and M agnetism,

”
as fol lows , v iz . : Suppose we

have a circui t composed of two hori zonta l coils,
C S

,
and D T (Fig. I cen timetre apart ,

joined a t C D
,
and completed by means of a

sl iding piece, AB . Let this variable c ircu i t be
placed in a uniform magnetic fi e ld of uni t in ten
si ty , the l ines of force being directed vertically
downwards through the circui t .

“ If
,
now , the slider be moved along towards

S T
, w i th a veloci ty of n , cen timetres per second,

the number of additiona l l ines of force embraced
by the c ircui t w i ll increase at the ra te of n , per

second ; or , in other words , there w il l be an i n



grea ter veloc i ty ; the veloci ty a t which i t must
move to keep up a current of un it s trength being
numerica l ly equa l to i ts resistance . Tbe r es ist

ance known a s 1 a lso: i s intended to be 1 09 a b

solute electro-magneti c un i ts , a nd. t/zeref ore , i s

r epr esented by a v eloci ty of 1 0
9
ce nt imetr es , or

metres ( I ea r t/z-quadran t ) per

second.

Ohm, B . A.
—A con trac t ion for

B ri t ish Associat ion ohm.

Ohm, B oard of Trade —Aun it o f re
s istance as determined by a comm i ttee of the

Engl ish Board of T rade.

A commi ttee consisting of Sir W. Thomson ,
Lord Rayleigh, . Dr . J . Hopkinson and other
authorities appoin ted by the Board of Trade

(England) has recently recommended tha t the
ohm be taken as the resistance of a column of

mercury cen timetres in length and one

square mill imetre area of cross-sec tion a t o de .

grees C . and s ince this value agrees w i th ~ the bes t
exper imenta l resul ts , i t w i ll probably be genera l ly
and finally adopted .

Ohm,

B ri tish As soc ia t ion
a dopted prior to 1884.

T he value of the un i t of electric resis tance, or

the ohm, w as determ ined by a Committee of the
B r itishAssoc ia tion a s being equa l to the resis tance
at 0 degree C . of a column of mercury 1 square
m ill imetre in area of cross-section and

cen timetres in length . This length was taken as

coming nearest the va lue of the true ohm de

uuced exper imen tally from certa in theoretica l
con siderations . Subsequen t re-determina tions
showed the va lue so obta ined to be erroneous .

T he value of the ohm i s now taken in terna ti on
al ly , as adopted by the Intern a tiona l Electric

T he

res is tance ,
B r i ti sh Assoc iation

un i t of

Congress in 1884, a s the resistance of a column
of mercury l oocen timetres in length , and 1

square mil limetre in a rea of cross-section . This
last value is cal led the l ega l o/zm, to dis tingu ish i t
from the B . A. ohm

, which, as above stated , i s
equal to a mercury co lumn cen timetres in
l ength . Usage now sanctions the use of the

word olun to mean the lega l ohm.

This value of the lega l ohm i s provis ional un t i l
the exact length of the mercury column can be

finally determined. (See O lzrn , B oa r d of T r a de . )
T he following are the relative values o f these

un its , viz . :

(Ohm.

B .A. ohm.

Siemens un i t.
.9889lega l ohm.

Siemens un i t.
.9540 B . A. ohm.

.9434 legal ohm.

Ohm, Legal T he res is tance of a

column of mercury 1 s quare mil l imetre in
area of cros s-sec tion , and 106 cent imetres in
lengt h , a t the tempera ture of 0 degree C . or

32 degrees F. (See Un i t, B . A.)
1 ohm B . A. un its. Thi s value of

the ohm was adopted by the In ternationa l Elec
tric Congress , in 1884, as a va lue tha t shou l d be
accepted intern a tionally as the true va lue of the

ohm . This va lue, however , w as provisiona l , and
w as never ac tua lly legal ized . It w il l probably be
replaced by the new cm. ) ohm. (See

0am
, B oard of Tr ade . )

Ohm, M eg

Ohm, New —Aterm somet imes used
for the Board of T rade ohm. (See O /zm ,

B oa rd of Tr ade.)
Ohm, Standard —A lengt h of w ire

having a res is tance of the value of the true
or lega l ohm, emp loyed in s tandard izing re

s is tance coi ls .

T he s tandard ohm
, as issued by the Electr ic

Standards Committee of England , has the form

I lega l ohm
‘C

—O ne mill ion ohms .

Sta nda rd 01: 111 .

show n in Fig . 4 1 1 . T he coi l of w ire i s formed
o f an a lloy of pla tinum and s ilver, in sula ted by
s ilk covering and mel ted para lfi ne. Its ends are

soldered to thick copper rods r , r
'

, for ready
connection w ith mercury cups . T he co il i s at

B . T he space above i t a tA,
i s fi lled w i th paraffi ne,

except a t the open ing t , whi ch i s provi ded for
the insertion of a thermometer .

Fig . 4 1 1 .
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Open-Ci rcui t Vol taic Cel l .—(See Cel l ,
Vol ta i c, Open-Ci r cu i t .)

Open-Ci rcui t Vol tmeter .
—(See

meter , Open-Ci r cui t .)

Vol t

Open-Ci rcu i ted.
—Put on an open circuit .

O pen-Ci rcu i ted Conductor .
—(See Con

ductor , Open-Ci r cui ted .)

O pen-Ci rcui ted Thermostat—(See Taer
mosta t , Open-Ci rcu i t .)

O pen-Coi l Drum Dynamo-El ectr i c M a

ch i ne— (See M a cb ine, Dy namo-El ectr i c ,

Open-Coi l D rum.)

O pen-Coi l Dynamo-El ectr i c M ach i ne.

(SeeMa cb i ne, Dy namo
-Electr i c, Open-Coi l .)

O pen-Coi l Ri ng Dynamo-El ectr ic M a

ch ine—(See M a cb ine, Dy namo
-Electr i c ,

Open~ Coi l Ri ng .)

O pen-Iron-Ci rcui t T ransformer .
—(See

Tra nsf ormer , Open-1 ron-Ci r cu i t .)

O pen-Iron M agnet ic Ci rcui t—(See Ci r
cui t , Open-1 r on M ag neti c.)

O pen M agnetic Core.
—(See Cor e, Open

M ag net i c .)
Open i ng Shock—(See Skoce, Open i ng .)

O perat i on , M ag net —T he use of a

magnet for the purpose of removing particles
of iron from the human eye.

O pt ical Strain—(See Stra i n , Opt i ca l .)

O pti cal Strai n , El ectro-M ag net i c

(See Str a i n , Op t i ca l Electr a-M ag net i c.)

O pt ical Stra i n , El ectrostatic
Str a i n , Electr osta t i c , Op ti ca l .)

Optics, El ectro —Tha t branch of

electric ityw h ich treats of the genera l rela tions
t ha t ex is t between l ight and electric ity.

T he phenomena of electro-opti cs may be ar

ranged under the follow ing heads , v iz . :

Electrosta tic stress , produced by an

e lectrosta tic field causing an optica l s tra in in a

tran sparent medium , whereby such medium
a cqu ires the property of either rotating the plane
of polari za tion o f a beam of plane polarized light,
or of doubly refracting light.

Electro magnetic stress produced by a

[0re.

Pola rized light reflected from the surface of a

magnet, a lthough i t penetrates the substance to
but a tr ifl ing exten t, y et has i ts plane o f pola r iza
tion distinctly rotated by the magnetic whir ls in
the iron .

—O ne of the axes

Fry . 4 1 3 . Ax i s of O rd i
0 t

O res, E l e c t r i c
”a “

T reatment of — Processes for the ex

tract ion oi meta ls from their ores .

T hese processes are referable to three dis
tinc t c lasses , v iz

magneti c field causing an optical stra in in a trans
paren t medium, w hereby such medium acqu ires
the property of either rotati ng the plane of polar
i zation , or of doubly refracting l ight . (See Re

f r a ct i on , D oubl e, E l ectr i c.)
Changes in the e lectric resistance of bodies

caused by the action of l ight . (S. e Cel l , Sele

n ium. )
T he relation existing betw een the values of

the index o f re fraction of a transpa ren t medium
and i ts spec ific inductive capac i ty . (See Ref r ac

t ion . Capa ci ty ,
Specifi c Inductiv e . )

This relat ion has been shown to be as fol low s
T he specific inductive capacity i s approx i

ma tely equa l to the square of the index of re

fraction .

T he relation existing betw een the velocity
of l ight and the va lue of the ra t io of electrostati c
and the elec tro-magnetic un i ts , thus g iving a

basis for an electro-magnetic theory “

of l ight.
(See n bt , M ax w el l

’

s E l ectr a-M agnet ic T li cory

O ral or Speak i ng-Tube Annunc i ator .

(SeeAnnunc i a tor , O r a l or Speak i
'

ng Tube.)
O rdinate.

—A d is tance taken on a per

pendicular l ine cal led the a xis of ord inates , in
contrad is t inc t ion to the axis of abscissas .

(See O rdi na tes , Ax i s of .)
Thus in Fig. 4 1 3 , D 1 , is the ordinate of the

poin t D
,
in the curve 0 D R .

O rdinates,Ax i s of
of co-ordina tes used

8
for determin ing the

pos it ion of the poin ts
in a curved l ine .

Thus in Fig. 4 1 3 the

l ineAB ,
is ca lled the axis

o f ord ina tes because i t is
the l ine on w hich the or
d ina te 2 D ,

is measured



'O rg.]

Those in which the reduction i s effec ted by
m eans of hea t of electr ic or igin .

Those in which the reduction is efl
'

ected by
t he combined action of heat and elec trolys is .

Those in w hich the reduction is efl
'

ected by
means of electrolys is on ly .

O rgan, Electr ic —v-Aw ind organ , in

w h ich the
'

es cape of a ir into the d ifferen t

jpipes is electrical ly control led.

In an electr ic organ , the keys , ins tead of oper
a ting levers, as usua l, to admit the passage of a ir

into the pipes
,
merely complete the c ircu it of a

b attery through a series of controll ing electro-mag

n ets . With such an arrangemen t, the keyboard
c an be placed a t any des ired dis tance.

Electr ic organs have been constructed , in w hich
a chemica l or mechan ica l record is made of the

notes struck by the per former , as well as the
mus ica l value of such notes. By such a device
t he musica l crea tions of a composer a re perma
n ently recorded in characters tha t are capable o f

i n terpreta tion by a compos itor skilled in mus ica l
n ota tion .

Or ientat ion of M ag neti c Needl e—(See
Needle, M ag net i c, O r i en ta ti on of .)

O r ig i n , Poin t of —T he point w here
t he axes of co-ordina tes s tart or origi na te.

(See Co-ord i na tes .Ax es of .)
O rthogonal .—Rec tangular,

ig led.

or right-an

O sc i l l at ing Di scharge—(See D z
‘

saba rg e,

O sci l la t i ng .)

O sc i l l ati ng Needl e.
—(SeeNeedle of O sci l

l a t i on .)

O sc i l l ation , Centre of —A poin t in
a body sw inging like a pendulum, w h ich is
n ei ther accelera ted nor retarded , during its
o scilla t ions , by the port ions of the pendulum
t ha t are s itua te d respec tively above or below it .
If al l the mass were concen tra ted a t the cen tre

o f oscilla tion the time of oscilla tion would be the
s ame.

T he cen tr e of osc illa tion i s always below the

c en tre of gravity . T he vertica l distance be tween
the cen tre of osc illa tion and the point of support
o f a pendu lum

,
determines the v i r tua l l ength of

t he pendulum, and hence i ts number of vibra
't ions per second . (See Pendulum,

Laws of . )

O sc i l l at ions, El ectr ic —’

I
‘

he series

of part ia l , in termit ten t d ischarges of wh ich
the apparen t ins tan taneous d ischarge of a

Leyden jar through a sma l l res i s tance actu
a l ly cons is ts .

These partia l discharges produce a ser ies of

electr ic osc illations of the curren t in the c ircui t of
the discharge , which consist of true to and-fro

or backw ard-and-forw ard motions o f the elec
trici ty . This phenomenon w as discovered by
Joseph Henry .

O sc i l l ations, O pen-Ci rcu i t, El ec tr ic
—Elec tric osc illat ions produced in Open c ir

cuits by the presence of elec tric pulses in
neighbor ing c ircuits .

O sc i l l atory Di scharge.
-(See D i sc/ta rg e,

O sc i
'

l la tory .)

O sc i l l atory El ectr ic Di spl acement—(See
D i spla cemen t , E lectr i c , O sci

'

l la tory .)

O sci l l ator y E l ectromot i ve Force.
—An

electromot ive force wh ich is rapid ly period ic .

O sc i l l atory Inductance—(See Induc

ta nce, O sci
'

l la tory , Electr i c .)

O sc i l l ator y Induct ion.
—(See I nduct i on ,

O scz
'

l l a tory .)

O smose.
—T he unequal mixing of l iquids of

different dens ities through the pores of a

separa t ing medium.

If a solution of sugar and wa ter be placed in a

bladder , the neck of which i s tied to a stra ight

glass tube , and the bladder is then immersed i n a

vessel of pure w a ter w ith the tube in a vertica l
pos ition , the two l iquids w ill begin to mix

,
the

sugar and the w a ter pass ing through the bladder
in to the pure wa ter, and the pure w ater pass ing
into the suga r and wa ter in the bladder . This
latter current i s the stronger of the two, a s w ill be
shown by the wa ter r i s ing in the ver tical glass
tube .

T he stronger of the two currents , tha t i s, the
one directed towards the higher leve l , or the one

which produces the higher level , is ca lled the en .

dosmot i c cur r ent , and the weaker curren t the

ex osmotic curr ent .

O smose, E l ectr ic —A d ifference of

l iquid level between two l iquids p laced on

Oppos ite s ides of a diaphragm produced by
the passage of a s trong electric current



O sm.]

through the l iquids between two electrodes
p laced therein.

The higher level i s on the s ide towa rds which the

cur r en tf lows through the diaphragm, thus appa
rently indicating an onward motion of the l iquid
w i th the current, or , in other words , the l iquid i s
higher around the ha thode than around the a node.

T he d iflerence of level i s most marked when
poorly conducting liquids are employed .

As a converse of this, Quincke has shown tha t
electri c curren ts are set up when a liquid i s forced
by pressure through a porous diaphragm. T he

term diaphragm curr ents has been proposed for
these curren ts. Their electromotive force depends
on the n a ture of the l iqu id , on thematerial of the
diaphragm, and on the pressure that forces the
l iquid th rough the diaphragm . (See Phenomena ,
E lectr a-Capi l l ary . Cur ren ts , Di aphragm. )

O smot ic —O i or pertaining to osmose.

(See O smose.)

O steotome, El ectr ic —A revolv ing
elec trica lly propelled saw , employed in the

surgica l cutting of bones .

An electr ic osteotome cons ists essen tially of a

form of revolving engine known as a denta l en
gine, furn ished w ith a c ircular saw , or other ro
tary cutter , driven or propelled by electricity .

O utgoing Current —(See Cur r ent , O ut

goi ng .)

Outl et. -In a system of incandescent lamp
d is tribut ion the places in a building where
the fixtures or lamps are a ttached .

T he outlets are left in a bu i lding by the w ire
man for the electric fix tureman to attach the de
vice in tended to be used on the c ircu its so pro

v ided .

Output, M agnetic —T he product of
the magnetic flux by the magneto-motive
force.

O utput of DynamooEl ectr ic M ach ine.

(See M a ch ine, Dy namo-Electr i c, O utput of .)

Outr igger for El ectr ic Lamp.
—A dev ice

for suspending an electric arc lamp so as to

cause it to s tand out from the wa l l of a

building .

An outrigger and hood w ith lamp a ttached are

shown in Fig . 4 14 .

[Ozo.

Outr igger Torpedo.
—(See Torpedo, O ut

O ver-Compounded.
—T he compounding of

a dynamo-electric machine so as to produce

Fig 4 1 4 . O utr igg er a nd Hood .

an increase of voltage under increase of load.

O ven compounding is genera lly employed for
compensating for drop or loss of poten tia l in the

l ine or conductor, and i s adjusted to a defin ite
percentage of increase from l ight to fu ll load in
accordance w ith the amount of drop , or loss , for
which such compensa tion was designed .

O verhead Lines—(See Li nes , Ov erhead .)

O verhead System, Cont i nuous, of M ot i ve
Power for El ectr ic Rai l roads —(See
Ra i lroads , Electr i c , Con t inuous O verhead

Sy stem of M ot i v e Pow er f or .)

O ver l oad of El ectr ic M otor .
—(See M otor ,

Electr i c, O ver load of .)

O vertones.—Add itional , fa int tones , ac

companying nearly every dis tinc t mus ica l
tone, by the presence of which the pecul iarity
or qual ity of such tone is produced . (See

Sound , Cha ra cter i st i cs of .)

O vertones, El ectr ic —Electric v ibra
t ions produced in open-c ircuited conductors
by elec tric resonance, of higher rates than the
fundamen tal v ibra tion s .

T he existence of electr ica l overtones neces s i ta tes
the exis tence of electric nodes . (SeeNodes

, Elec

tr i ca l .

O vertype Dynamo.
—(See Dy namo, O ver

type.)

O z i te.
—An insula ting subs tance.

Ozoker i te.
—Aninsulating subs tance .



https://www.forgottenbooks.com/join


Pan] 390

Care mus t be taken in para thning wooden or

o ther absorben t ar ticles , to dry them before im.

mers ing in the melted para ifine, s ince , i f water be
p res ent, s team i s formed explosively, and the

melted paraffine sca ttered in a ll directions.

Parag rél ea—Lightn ing rods , in tended to

protect fields aga ins t the des truct ive ac t ion of

ha il . (See H a i l , Assumed E lectr i ca l O r i

g i n Of )
It w as formerly believed tha t ha il i s caused by

e lectr icity . I t i s now genera l ly believed that the
e lec tri c ity in ha il storms i s caused by the hail .
I t wi ll , therefore, readily be understood tha t para

g reles can a fford no rea l protection .

Paral l ax .
—T he apparent angular displace

men t of an objec t w hen seen from two d if

ferent points of v iew .

In reading the ex ac tdiv ision on a scale to w hich
a needle poin ts , ca re mus t be taken to look di
rectly down on the needle, and not s ideways , so

'

a s to avoid the error of displacemen t due to

Paral l el Ci rcui t—(See Ci r cu i t , Pa r a l lel .)

Paral l el Ser i es—(See Ser i es , Pa r a l lel .)

Paral l el ogram of Forces.—(See For ces ,
Pa r a l lelog r am of .)

Paral l el s, M agnet ic —Lines connec t
ing p laces on the earth ’

s surface at righ t
angles to the isogona l l ines , or l ines of equal
declina tion or varia tion .

T he magnetic para llels are at r ight angles to
the magnetic:mer idian s . T he magnetic para l lels
l ie in planes para llel to the magnetic equator.

(SeeNeedle
,
M agnet i c, D ecl ina tion of . M er idi an

,

M agneti c . )

Paramag net i c.
—Possess ing properties or

d inari ly recognized as magnet ic .

Possess ing the power of concen tra t ing the

l ines of magnet ic force.

Paramagneti c i s a term employed in con tra
d istinction to diamagnet i c. (See D i amagneti c. )
A paramagnetic substance, cut in the form of a

bar whose length ismuch grea ter than i ts breadth
a nd thickness , will , when suspended in a magne tic
field in the manner show n -i h Fig . 4 1 5 , take up a

posi tion of restw ith i tsgrea test l ength in the di r ec
.t ion of the l ines of f orce, i . e. , w i l l poin t a x ia l ly .

[Pan

In other ‘words, the l ines of force w il l so pass
through the pa ramagnetic substance as to reduce
the magneti c r es i stance of the c ircuit as much as

possible.

Paramagnetic substances
,
therefore , concen

tra te the l ines of force on them. (See Res i s tance,
M agnet ic. )
Diamagnetic substances , on the contrary , when

placed as shown in Fi g . 4 1 5 , assume a posi tion of

res t with their l ea s t dimens ions in the di rection of
the l ines of f or ce, i . e. .

they poin t equa tor i a l /y .

This is the posi tion in

which they are placed
by the l ines of force , in
order to insure the lea s t
magn et i c r es i s tance in

the circu it of these lines .

T hemagne tic res istance
of diamagnetic sub

s tances i s grea t as com
pa red w ith tha t of par
amagneti c substances .

T he term f er r om ag

neti c has been proposed F1? 4 1 5 ’7 "WW W / 1
°

C

for par amagneti c. If

another term be requ ired , which i s doubtful ,
s idero-magnet i c, proposed by S. P. Thompson ,

would appear to be preferable. (See M agneti c,

Fer r o. M agnet i c, Sider o. )
Tynda l l believes that the magnetic polar ity

possessed by diamagnetic substances is the result
of a distinc t polar force, di ti

'

eren t in i ts nature
from ordinary magnetism . His views , in this re
spect, are not genera lly accepted. (See Polar i ty ,

D iamagnet i c.

Paramagnetical l y.
—In a paramagnet ic

manner. (See Pa r amag net i sm. )

Paramagneti sm.
—T he magnet ism of a

paramagnetic subs tance.

Paras i t ical Currents —(See Cur r en ts ,

Pa r a s i ti ca l .)

Paratonnére.
—AFrench term for l ight

n ing rod, sometimes employed in Engl ish

technica l works .

Lightn ing rod woul d appear to be the prefer
able term.

Part ial Contact—(See Conta ct , Pa r t i a l .)
Partial Di sconnection.

—(See D i sconnec
t i on , Pa r t i a l .)
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Partial Earth.
—(See Ea r th , Pa r t i a l .) would pass across an air space in preference to

Part i al Reaction of Degeneration .
—(See a metall ic Circu it, was grea ter for a th iCk COPPer

D g enera t ion , Pa r t i a l React i on of .)

Passi ve State.
—(See Sta te, Pa ssi v e.)

Path , Al ternat i ve —T he pa th or

c ircui t taken by an impuls ive d ischarge , in

p reference to another path or c ircuit , open to

the d ischarge, al though of enormous ly smaller
o hmic res is tance.

T he a l ternative pa th is the pa th taken by the

d ischarge produced by wha t was former ly ca lled
la teral induc tion .

T he explana tion of the reason the discharge
takes the a lterna tive pa th i s tha t the coun ter-elec
tromotive force of self-induction of the c ircui t,
p roduced by the impuls ive discharge, i s so grea t
a s to make the pa th of the c ircu i t itsel f, a lthough
formed of conduc ting ma teri als, practical ly non
c onducting.

It a Leydenjar i s provided w ith discharge w ires
o r conductors , as shown i s Fig . 4 16, a discharge

Fig. 4 1 6 . Phenomena q/ Alter na t i ve Pa th .

taking place at A, is accompan ied s imultaneously
by an even longer spark a t B , between the ends
o f two long open-circu it leads .

T o expla in in a genera l manner the phenomena
o f the a lternative pa th

,
we may say tha t the d is.

c harge atA, gives r ise to electric osci l la tions in the
leads connected w ith B , and tha t there are sen t out
i nto the surrounding medium radia tions of pre

c isel y the same na ture as those which produce
l ight, only of a wave length so long as to be un

a ble to produce on the eye the effects of l ight.
If the space between the ba lls a t B , is too grea t

for the discharge to take place, the w ires g low
a nd throw out minute sparks or brushes of li ght.
T he ac tion of the ordinary l ightning arrester

d epends on the pr inc iple of the a lterna tive pa th.

T he res istance of the meta ll ic c ircu it, composed
o f the line and the in strumen ts, i s so great in the

ca se of the impulsive discharge of a l ightn ing
flash , tha t the discharge takes place be tween a

series of points connected w i th the l ine plate and

a nother ser ies of points connected w ith the ground
p la te . (SeeAr res ter , L ightn ing )
Dr . Lodge , who ha s s tudied the principle of

a lternative pa th in the ca se of ligh tning rods ,
fi nds tha t the distance at which the discharge

rod , 40 feet long , than for an iron rod ofNo. 27
B . W. G . of ohmic res istance.

Patrol Al armB ox .

—(See B ox , Pa trol

Ala r nz.)

Pel tier Effect .

(See Ej ect , Pel t i er .)

Pen Carri ag e.

(See Ca r r i ag e, Pen .)

Pen , El ectr ic
—Adev ice for mani

fold copy ing , in wh ich
a sheet of paper is

made into a s tenc il by
minute perforat ions
obta ined by a need le
dri ven by a sma l l

elec tric motor and the
s tenc il afterwards em
p loyed in connection
w ith an inked roller

for the product ion of

any required number

of cop ies .

M echan ica l pens are

constructed on the same

p r inci ple, the perfora .

tions being obtained by
mecnamca l i nstead of

by e lec tric power.

In the Edison elec tr ic
pen , Fig . 4 1 7. the per . Fig . 4 1 8. Elect r i c Penda n t .

forations are made by an electri c mo tor d riven
by a volta ic ba ttery . T he man ifold press w i th
i ts inked pad is shown to the left of the figure .

Pendant Cord.
—(See Cord , Penda nt .)

Pendant, El ectr ic —A hang ing fix



Pen.)

ture prov ided w ith a socket for the support of
an incandescent lamp .

A form of electri c pendan t is shown in Fig

'

.

4 18.

Pendant, Fl exibl e El ectr i c Ligh t
—Apendan t for an incandescen t lamp formed
by the flex ible conductors which support the
lamp .

T he advan tages procured by a flexible pendant
are eviden t in tha t both the length of the flexible
conductor from which the lamp i s hanging and

posi tion of the lamp can be changed cons iderably .

Pendul um Annunc iator.
—(See Annun

c i a tor , Pendulum or Sw i ng i ng .)
Pendul um, El ectr ic —A pendulum

so arranged tha t its to-and-fro motions send
electric impulses over a l ine, either bymaking

or breaking con tacts .

An elec trical tun ing fork w hose to-and-fro
movements are maintai ned by electric im
pulses .

Electric pendulums are employed in systems
for the electr ica l distr ibution of time.

Sometimes instead of us ing true pendulums for

such purposes , coils , moun ted on tuning fork s , or
on the ends of flexible bars of steel , called reeds ,
are used for the purpose of establishing cur

ren ts , or modify ing the currents tha t are a lready
passing in a c ircu it. T he movement of a mag

netic diaphragm, as in the case of a telephone
d iaphragm, towards and from a coil of w ire, i s
another i llus tra tion of an electric pendu lum.

Electr ic tuning-fork pendulums are employed
in Delany

’
s systemof synchronous-mul tiplex teleg

raphy , and in Gray’s harmon ic-multiple teleg
raphy . (See Telegr aphy , Sy nchr onous-M u l t i

p lex , Delany
’
s Sy s tem. Telegr aphy , Gray

’
s Ha r

moni c-M ul t ip le . )
Pendul um, Laws of —T he law s

w hich express the pecul iarities of the motion
of a s imp le pendulum.

As imple pendulum i s one in w hich the entire
w eight is considered a s concen tra ted a t a sing le
poin t, suspended a t the end of a w eightless , ia
flexible and inextens ible l ine .

T he follow ing are the laws of the s imple pen
dulum

O scilla tion s of sma ll amp l i tude a re approx
ima tely i sochronous ; tha t is , a re made in times
tha t are sensibly equa l . (Sée Vi br a t ion or Wav e

,

Amp l i tude of . 1sochron i sm. )

In pendulums of different lengths, the '

dura tion of the osci lla tions i s propor tiona l to the
square root of the length of the pendul um.

In the same pendulum, the length being
preserved invar iable, the dura tion of the osc il la
tion i s inversely proportional to the square roo t .

of the in tensi ty of gravity .

T he intens i ty of g r a v i ty , a t any latitude, may
‘

be determined by the number of osc illa tions of a

pendulum of a g iven length . In the same man

ner the in tens i ty of a magneti c fi eld
, or the in .

tens i ty of magnet i za t ion of a magnet, may be de .

termined by the needle of osci l l a tion
,
by observing

the number of oscillations a needle makes in
'

a

g iven t ime when disturbed from i ts pos ition of
'

re st . (See Needle of O sci l l a t ion . )
Since a Simple physica l pendulum i s a physical

imposs ibi li ty, the v i r tua l length of a pendulum,

tha t i s, the vertica l d istance between i ts poin t of
suppor t and the centr e of osci l la tion

, i s taken as

the true length of the pendulum.

If the irregularly shaped body, shown in Fig .

4 19, w hose cen tre of gravity is a t G , is made to
sw ing like a pendu lum, e ither on
S
,
or 0, i ts osci lla tions w i ll be

performed in equal times, and

the body w ill act as a simple
pendulum, whose virtual length
i s S 0.

It, while suspended at S, i t be
s truck a t 0, i t w i ll osc illa te
a round S, w i thou t producing F2? 4m . C m,”

any pressure on the supporting of 05 6 1714 156”

axis a t S, on which i t turns . If floating entirely
submerged in a liqu id, a blow a t 0

, wou ld cause

i t to move in a st ra ight l ine in the direction of
"

the blow , w ithout rota tion .

T he poin t 0, is ca l led the centre of per cus s ion ,
.

or the cen tre of os ci l l a t i on . T he cen tre of osci l

la tion is always below the cen tr e of gr a v i ty .

Pentane Standard—(See Standard, Pen ~

ta ne.)

Percuss ion , Centre of —T ha t point in .

a body suspended s o as to move as a pendu
lum a t w hich a b low w ou ld produce rota t ion ,

but no forward motion , or mot ion of trans la

t ion .

Per forator, Paper —An appara tus
employed in sys tems of automa t ic telegraphy
for punching in a fi l let of paper the c ircular or
elonga ted s paces tha t produce the dots and
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tion produced , or the in tensi ty ofmagnetic induc
tion , and H, the magnetiz ing force ; then ,

The permeability o f n on-magnetic ma teria ls ,
such as insula tors , or non-magnet icmetals , such as
copper , etc . , is assumed to be prac tical ly equa l to
tha t of a ir, or to un ity.

T he magnetic permeabili ty decreases as the

magnetization increases . When a piece of iron
has been magnetized up to a certa in in tensity , i ts
permeabil ity becomes less for any further magnet
ization ; or, the substance show s a tendency to
reach magnetic saturation . In good iron , th is
l imi t i s reached at about l ines of force to
the square inch of area of cross section .

T he magnetic permeability varies greatly , not
on ly w ith different spec imens of iron , bu t also w i th
the previous history of the i ron , as to whether or
not i t has before been subjected tomagnetiza tion or

demagnetiza tion ,
and also as to whether the va lue

of the permeability i s taken w hile the magnetiza
ti on i s increasing or decreas ing.

Permeameter .
- An apparatus dev ised by

S. P. T hompson , for rough ly measuring the

magnetic permeabil i ty.
Thompson ’

s permeameter con sists essential ly of
a rectangu lar piece of soft iron , provided w i th a
s lot, for the reception of the magnetiz ing coil. A
hole bored in one end of the block serves to receive
the bar or rod of iron whose permeability is to be
determined . O n the magnetiza tion of the ba r to

be tested , the square roo t of the force requ ired to
detach the rod from the lower sur face of the iron
block , i s a measure of the permea tion of the l ines
of magnetic forces through i ts end faces .

Permeance, M agnet ic —M agnet ic
permeab i lity. (See Permeabi l i ty , M ag net i c.)

Permeat i ng , as of Li nes of Force.

T he pas s ing of l ines of force through a mag

net ic subs tance. (See Permeabi l i ty , M ag

neti c .)

Permeation , M agneti c —T he pass
age of l ines of magnet ic force through any

permeab le subs tance.

Permi ss i ve B lock System for Ra i l roads.

—(See Ra i lr oa ds , Permi ss i v e B loch Sy stem

f or .)

Pfluger
’
s Lan a

—(See L aw
, Pflug er

’

s .)

PhantomWi res—(See Wires , Phantom.)

Phase, Angl e of Di fference of, between

Al ternat i ng Currents of Same Per iod

T he angle w h ich measures the shift
ing of phase of a s imp le periodic curren t w ith
respect to another due to lag or other cause.

Phase, Shi fting of, of Al ternat ing Cur
rent A change in phase of current

due to magnetic lag or other causes .

Phase of Vibration .
—(See Vibra t ion ,

Pha se of .)

Phel ps
’
Stock Pr i nter .

—(See Pr inter ,

Stock,

Phenomena , El ectro-Cap i l l ary
Phenomena observed in capi llary tubes a t

the con tac t surfaces of two liquids .

Where acidula ted water is in con tact w ith
mercury , each l iqu id possesses a. defin ite sur

face tension , and each a defin i te shape of sur

face. T he two l iqu ids , how ever , do not actua lly
touch , there being a sma ll interval or Space be
tween them. This space acts as a minute accu

mulator . But the l iqu id and wa ter , being different
substances in con tac t, possess differen t poten tia ls.
Any cause which a lters the shape of these con

tact sur faces, and consequentl y the ex ten t of the
spaces between them, necessar ily a lters the capa
c ity of the condenser , and consequen tly the dif
ference of poten tia l. Therefore the mere shaking
of the tube, or hea ting i t , w ill produce electr ic
curren ts from the resul ting differences of po

tentia l . Conversely , an electri c curren t sent

across the con tact-surfaces w i ll produce motion as
a resu l t of a change in the va lue of the sur face
tension . An electro-capillary telephone has been
constructed on the former pr inciple , and an

electrometer on the la tter . (See E lectrometer ,

Phenomena , Porret —An increase

in the diameter of a nerve fibre in the neigh
borhood of the pos itive polewhen traversed
by a voltaic curren t .

When a volta ic curren t passes through fresh
living substance the conten ts o f the muscular fibre
exhibit a streaming movemen t in the direc tion the
curren t i s flow ing, v iz . , from the pos it ive to the



negative. This causes the fibre to swe ll up or

increase in diameter a t the nega tive e lec trode .

Pherope.
—Aname somet imes appl ied to

a telephote. (See Telephote.)

Phial , Leyden Aname sometimes

applied to a Leyden jar. (Seeja r , Leyden .)

Phi l osopher
’
s Egg—(See Egg , Ph i loso

pher
’

s .)

Phonautograph .
—An appara tus for the

automa tic produc tion of a vis ible trac ing of

the vibra t ions produced by any sound .

Phonautographic apparatus cons ists essen tially
of devices by whi ch the sound w aves a re caused
to impart their to-and -fro movements to a d ia

phragm, at the cen tre ofwhich a penci l or tr ac ing
po in t i s a ttached . The record i s received on a

sheet of paper, or wax , or on a. smoked glass or

other sui table surface.

Leon Scott’s Phonautograph , which i s among
the forms best known , cons is ts of a hol low coni ca l

Fig 4 2 1 . Scott
'

s Phona utog r aph .

vessel A, Fig . 421 , w ith a diaphragm of parch
men t s tretched tightly like a drumhead over i ts
smaller aperture B . Atrac ing po in t a ttached to
the cen tre of the d iaphragm, traces a s inuous
l ine on the surface of a sootc overed cylinder C ,

tha t is un iformly rota ted under the tracing point .
As the cylinder is advanced a short distance w i th
every rota tion ,

at sinuous spira l l ine is traced on

the sur face .

Phone.
-A term frequen tly used for tele

phone.

Phon ic Wheel . - (See Wheel , Phon i c-l

Phonogram.
—A record produced by the

phonograph . (See Phonog r aph .)

Phonograph .
—An appara tus for the re

produc tion of art icul a te speech , or of sounds

[Pho.

of any charac ter, at any indefin ite t ime after
their occurrence, and for any number of times .

In Edison’s phonograph the voice of the

Speaker , received by an elas tic diaphragm of thin
shee t iron or other sim ilar ma teria l , is caus ed to
inden t a shee t of tin-fo il placed on the sur face of

a cyl inder C , Fig. 422, that is ma in ta ined a t a

uni form rate of rotation by the crank at W. In

the diaphragm,
to which it is a ttached , is given to

and-fro mo tions tha t exac tly correspond to the

to-and-fro motions i t had when impres sed or igin
a l ly by the sounds i t recorded on the phono

gram record . A person l is ten ing a t this d ia

the form shown in Fig. 422, themotion is by hand.

In a la ter improved form the cyl i nder i s dr iven by
means of an e lec tri c motor or by clockwork .

In order to reproduce the speech or other
sounds the phonogr am r ecord i s placed on the

surface of a cy l inder s imi lar to tha t on which i t
w as received (or i s kept on the same sur face) ,
and the trac ing point , placed at the beginn ing of

the record and being ma inta ined aga inst i t by

gen tle pressure, i s caused, by the rota tion o f

cylinder, to fol low the inden ta tions of the phono

gram record . As the poin t is thus moved up and

down the hi lls and hollows of the record surface,



Pho.]

p hragm w ill therefore hear an exact reproducti on
o f the sounds originally u ttered .

In th is manner the voices of rela tives , d is
t ingu i shed singers or s ta tesmen can be preserved
for future generations .

In Edison ’
s improved phonograph the record

surface consists of a cyl inder ofhardened wax . T he

rota ry mot ion of the cylinder i s obta ined by means
o f an electric motor . T wo diaphragms are used ,
one for recording, and one for reproducing the
sound w aves. As shown in Fig. 423 , the record
i ng diaphragm i s in posi tion against the cylinder .

T he recording diaphragm i s made of malleable
g lass . T he reproducing diaphragm i s formed of
bolting s ilk covered w i th a thin layer of shel lac.

In the Graphophone of Bel l and Ta in ter the
po in t a ttached to the diaphragm is caused

Fig . 4 24 . B el l a nd Ta i n ter ’s Gr aphophone.

o r engrave a cylinder of hardened w ax . T wo

s eparate diaphragms are employed , one for speak
i ng , and the other for hearing .

T he recording sur face i s made of a mix tu re of

beeswax and pa raffine . Aun iform i ty of rota tion of

t he cylinder is obta ined by means of a
'

rnotor pro

v ided w ith a suitable governor . An ordinary con
versation of some five minu tes

,
i t i s cla imed

, can

be recorded on the surface of a cyl inder 6 inches
l ong and 1 } inch in diameter .

In the Gr amophone of B erliner , a c ircu lar pla te
o f me tal , covered w ith a fi lm of finely divided oi l

or grea se , receives the record in a s inuous , spira l
line . This record i s subsequen tly etched in to the
meta l by any sui table mean s , or i s photographic
a l ly reproduced on another shee t of metal .
Glass covered w i th “

a deposi t of soo t is some
times employed for the latter process . T he ap

para tus i s shown in Fig. 425 , a s arranged for the
reproduction of speech .

In M r . Berl iner’s apparatus , the record surface
i s unpressed by a point attached to the trans
mi tting diaphragm, in a di r ect ion pa r a l l el to the

r ecord surf a ce, and not
,
as in the instrumen t of

M r . Ed ison , in a direction at r ight angles to the
same. This method would appear to be the be st
ca lculated for a more exact reproduction of ar

ticulate speech , s ince i t permits comparatively
loud speaking or singing, w ithout in terfering

Fig . 4 25 . B er l i ner ’s Gr a mophone.

w i th the qua lity of the reproduced So und s . Since
the resistance to inden tation , or vertica l cutting ,
increases more rapidly than the increase in the

amp l i tude of v ibr a tion of the cutt ing point, i t
fol low s tha t the louderthe sounds recorded by the
phonograph or graphophone, the less comple te
would be the qual ity of the reproduced sounds ,
or the less the probability of the pecul iar ities of

the speaker ’s voice being recogn ized . In order
to avoid this , the speaker in the phonograph and

the graphophone speaks in an ordinary conversa
t ional tone on ly . (See Vibra t ion or Wav e, Am

p l i tude of
For purposes of dictation , and , indeed , mos t

commerc ia l purposes , this is ra ther an advan tage
than otherw ise .

Phonograph Record . (See Recor d,

Phonog raph .)

Phonopl ex.
—Litera l ly sound folds .

Asys tem of telegraphy . (See T eleg r aphy ,

Phonop lex .)
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of a spec ific chemical subs tance by the oxygen
of the a ir.

Chemica l phosphorescence i s seen in the fire

fly and the glow-worm. (See Pbosp/zor es cm ce. )

Phosphorescence, El ectr ic Phos

phorescence caused in a subs tance by the
passage of an elec tric d ischarge.

T he phosphorescen t materia l i s placed in an

exhausted glass tube, as shown in Fig . 426 , and

submi tted to the action of a series of discharges ,
a s from a Ruhmkorfl

'

coil , or Holtz machine.

T he violet-blue light of such discharge is very
efli cient in producing phosphorescence . Phosphor
escence is thus effected by subjecting the phos

phorescent ma ter ia l to the molecula r bombard
men t which is produced by such discharges in a

high vacuum . (See B omba rdmen t
,
M olecular . )

Fzgg' . 4 26 . Electr ic Phosphor escence.

Phosphorescence, Physical —Phos
phorescence produced in ma t ter by the ac tual
impac t of l ight w aves resul t ing in a vibra tory
mot ion of the molecules of suffi c ient rap id ity
to. cause them to emit l ight .

Phys ica l phosphorescence i s distinguished from
chemica l phosphorescence in tha t in the former

the energy required to produce molecular vibra
tion s is imparted by the l ight to which the phos

phorescent body i s exposed, while in chemica l
phosphorescence the energy produc ing the l ight
i s der ived from the chemica l poten tia l energy
of the specific substance burned . (See Pbosp/zor

escence . )

Phosphorescent.
—Pos ses s ing the proper

ties or qua l ities of phosphorescence.

Phosphoresc i ng .
—Emitt ing phosphores

cen t l ight . (See

PhO Sphorescope.

—An appara tus formea s

uring the phosphorescen t power of any sub

s tance. (See

[Pho.

Phosphorus . El ectr ic Smel t ing of

An elec tric process for the direct production
of phosphorus .

In the electr ic smel ting of phosphorus , the

crude materia l , cons i s ting of a mixture of bones or
anima l phospha tes and carbon , is fed into a Space
between two elec trodes connec ted to the poles of

a source of powerful a l terna ting curren ts . T he

appara tus i s s imilar in genera l to the Cow les fur
nace for the reducti on of a lumin ium. T he heat
produced by the a lterna ting curren ts decomposes
the phospha tes , and the volatilized phosphoru s
i s condensed in suitable chambers .

Photochronograph .
—An electric instru

men t for automa t ica l ly recording the trans it
of a s tar across the meridian .

In a sma l l camera connected w i th the eye-piece
of the trans it instrument i s placed a sensiti zed
pla te .

As iderea l c lock has an electric a ttachment to
its pendulum

, so made tha t a shutter a lternately
exposes and con cea ls the photographic pla te, and
thus permi ts the image of a s ta r to be formed on

the pla te at in terva ls during i ts pa ssage a cross

the field of the te lescope . An image of the spider
l ines i s a fterwards fixed on the p la te by the l ight
of a lamp , held for a few momen ts before the ob

ject glass of a telescope. Ashu tter i s provided ,
by mean s of w hich this l ight i s preven ted from
fa lling on the tra i l of the s tar across the field of

the glass . In this manner the time of passage of

the star across the mer id ian i s automati ca lly re

corded on the photographic pla te .

T he pho tochronograph is a lso adapted for

s imi la rl y automa tica lly record ing the transi t or
passage o f any heaven ly body across any imagin
a ry l ine in the heavens .

Photo-El ectr i c Cel l .—(See Cel l , Paol o

E lectr i c .)

Ph 0 t o-El ectr ic i ty. See E lectr i ci ty ,

P/zoto.)

Photo-El ectromot i ve Force.
—(SeeFor ce,

E lectr omot i v e, Plzoto.)

Photometer.
—An appara tus for measuring

the in tens ity of the l ight emi tted by any
“

luminous source.

There are various methods for mea sur ing the

in tensi ty of a beam of light pass ing through any

given space , or emitted from any lumi nous
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source ; these methods are embrac ed in the use

of the follow ing appara tus :

Ca lor imetr i c Photometer , in which the l ight
to be measured is absorbed by the face of a

thermo-electr ic pile, and the elec tric current
thereby produced i s careful ly measured. Since
obscure r adia t ion or hea t w ill a lso thus produce
an electr ic curren t, i t is necessary fi rs t to absorb
al l the hea t by passing the beam of light through
an alum cel l .

Act in i c, or Chemica l Photonieter s , in which
the in tensity of the light is es tima ted by a com

par ison of the depth of coloration produced on a

fi llet of photographic paper under s imilar con

d itions of exposure to a standard light, and the
l ight to be measured .

T he combination of pure hydrogen and chlor ine,
or the decomposition of pure mercurous chloride,
have been employed for the purpose of determin ~

ing the intens ities of two lights by measuring the

amount of chemica l ac tion efl
'

ected.

Shadow Photometer s , i n which a shadow
produced by the l ight to be measured is compared
w ith a shadow produced by a s tanda rd candle.

(See Candle, Standard. )

Fig . 4 27 . The Shadow Photometer .

Rumford ’s photometer , shown in Fig . 427, i s

an example of this torm of instrumen t. T he

standard candle, shown a t L , ca sts a shadow C",
of an opaque rod C ,

on the screen a t B .

T he light to be measured L '

, is moved away
from the screen until i ts shadow C '

, on th e screen

at A, is judged by the eye to be of the same

dep th . T he distance betw een the screen and the

l ights i s then measured in stra ight lines . The

r el a t ive i ntens i t i es of the two l ights a re then p ro

por tion a l to the squa res of thei r di s tan ces . If
,
for

example, the candle be at to inches from the

screen , and the lamp a t 40 inches, then the

in tensi ties are as 103 : or as 100 : or the

lamp i s a 1 6 candle-pow er lamp .

[Pho.

Thi s photometer is based ou the fac t tha t the
shadow of each source is illumined by the l igh t
of the other source .

These resul ts are more accura te i f the two

shadow s are adjoin ing or nearly adjoin ing .

Tr ans lucenLD i sc Photometer s .
—T he l ight

to be measured and a standard c i ndle a re placed
on opposite s ides of a shee t o f paper the cen tre of

which conta ins a grease spot. T he s ta nda rd
candle i s kept a t a fixed d iS'

ance from the paper
and bo th i t and the paper are moved towards or

from the light to be measured un til both sides of

the paper are adjudged to be equa ll y illumined .

In Bun sen
’
s photometer a vertical sheet of

paper w ith a grea se spot a t i ts cen tre , is exposed
to the illumina tion of a standard candle on one

s ide, and the l ight to be measured on the o ther .

T he sheet of paper is placed inside a dark box
provided w ith two plane mirrors placed a t such
an angle to the paper tha t an observer can readily
see bo th s ides of the paper a t the same time.

This box can be s l id a long a graduated , hori
zonta l sc a le towards, or from, the light to be
measured , and carr ies w ith i t the s tanda rd candle
mounted on i t a t a constan t distance of 10 inches .

If the box i s too near the light to be measured ,
the grease spot appears brighter on the s ide o f the

sheet of paper neares t the candle. If too nea r

the candle, i t appears brighter on the s ide of the

sheet of paper neares t the l ight to be mea sured .

T he position in which the spot appears equa lly
bright on both sides , is the pos ition in which both
s ides of the paper are equa lly il lumined , and the

relative in ten si ties of the two lights are then
directly as the squa res of their dis tances from the

sheet of paper .

Shadow , and tran s lucent-disc photometers
being dependen t on equa l illumina tion , a re re

l iable on ly when the color of the li ghts compared
is the same. For the determina tion of the photo
metric in tensity of very bright lights, the s tanda rd
candle is replaced by a carcel lamp , a standard

gas jet, or by the light emi tted by a g iven mass

of pla tinum, hea ted to incandescence by a given
curren t o f electrici ty . (See Lamp , Ca r cel . Ga s

yet , Ca r cel Standa rd. Light , Pla t inum Sta nd

a r d . )
Preece’s photometer belongs to the c lass of

translucen t disc photometers . A tiny incandes
cen t lamp is placed in a box , the top of w hich ha s

a white paper screen on which is a grea se Spo t .
T he box i s placed in the s tre e t w here the in tens i ty
of illumina tion is to be measured , and the inten



Pho.]

s ity of the l ight of the incandescen t lamp i s

var ied un til the grease spo t disappears. T he

curren t of electric ity then passing through the
incandescen t lamp acts as the measure of the

i llumination .

In the case of the shadow photometer, or of

Bunsen
’
s photometer , i f the in tens ity of i llumina

tion i s the same , the rela tive inten si ties of the two
lights may be determined as fol low s
Ca ll ing I , and i , respec tively the relative inten

s i ties of the standard light, and the light to be
m ea sur ed , and D,

and (1, their respective d is
tances from the screen , then

I z i D fi z d 2, or l x d
z = i X D 2

i

that is, i = I

O r , the intens ity of the light to be measured i s

the in tensity of the s tandard light .

I f, for example, D and (1, represen t 10 and 100

inches , respectively , the in tens ity of i , is 100 times
the in tensity I

,
the s tandard ligh t.

D i sper s i on Photo/neter s .
-Aclass of pho

tometers in which , in order to more readily com
pare or measure a very bright or in tense l ight,
l ike tha t of an arc lamp , the intens ity o f the l ight
is decreased by dispers ion a readily measurable
amoun t.
Ay r ton 69° Per ry

’
s D i sper s ion Photo/neter .

-A
photometer in which , in order to br ing an in

tensely bright light, l ike an electric arc l ight , to

Fig . 4 28. Ay r ton 63° Per ry
’

s Di sper s ion Photometer .

such an in tensity as w i ll permit i t to be readily
compared w i th a s tandard candle , i ts in tensity i s
weakened by i ts passage through a di verging
(concave) lens .

Ay rton Perry ’s dispers ion photometer is
shown in two different pos itions , Figs . 428 and

429. T he apparatus i s suppor ted on a tr ipod
s tand E, arranged so as to obta in exac t leveling .

[Ph0.

‘Aplane mirror H , movable around a pin placed
directl y under i ts cen tre , can be rotated and thus
reflect the light after i ts passage through the
diverging lens , w hile s till ma in ta in ing i ts di s tance
from the electric light.
T he horizonta l axis of this mirror i s incl ined

45 degrees to i ts reflecting surface in order to
avoid errors arising from vary ing absorption at

difleren t angles of refleCt ion .

T he inclina tion of the beam to the horizon ta l
i s indica ted by mean s of an index a ttached to the
mirror and moving over the gradua ted c irc le G .

Ablack rodA
,
casts i ts shadow on a screen of

white blotting paper B . A standard candle
,

placed in the holder D , casts i ts shadow a longs ide
the shadow cast by the electr ic l ight. T he len s
i s now displaced un til the shadow of the electr ic
l ight i s of the same in tens ity as tha t of the candle,
w hen viewed successively through sheets of red

and green glass.
Agradua ted scale serves to mark the distances

of the candle and the len s , respectively , from the

screen , from which da ta the in tensity of the

electric light may be ca lculated .

Fig . 4 29. Ay r ton a nd Per ry
’
s Di spers ion Photometer .

Selen ium Photometer s .
—Instrumen ts in

which the rela tive intens ities of two l ights are de
termined by the variations produced in a selen ium
resistance.

In Siemens’ Selen ium photometer a selen ium
cel l i s employed in connec tion w i th an elec tr ic
c ircu i t for determin ing the in tens i ty of light .
T he tubeAB ,

Fig . 430, i s furn ished a tA, w ith
a d iaphragm, and at B , w ith a selen ium pla te ,
connected by w ires G G ,

w i th the ci rcuit of a

battery and a galvanometer .

Agradua ted sca le L M bears the standard
candle N. T he tubeAB , 18 capable of rota tion
on the vertica l axis F. A reflec ting mirror gal .
vanometer i s used in connection w ith the selen ium
photometer . T he l ight to be measured i s placed
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measured i s es timated by a compari son of

the d is tances at w h ich it and a s tandard l ight
produce a shadow of the same in tens i ty.

(SeePhotometer .)

Photometer , T ransl ucent Di sc —A
photometer in w h ich the l ight to be measured
is p laced on one s ide of a partly trans lucen t
a nd partly opaque disc , and a s tandard can

d le is placed on the Oppos ite s ide, and the in
t ens ity of the l ight es t ima ted by the d is tances
O f the l ight from the disc w hen an equal i l lu
m inat ion of a ll parts of the disc is obta ined .

(See Photometer .)

When the il lumina tion of the Oppos ite s ides o f

such a disc i s equal , the rela ti ve po sitions of the

tran sparen t and opaque portion s of the disc a re
indistingu ishable .

Photometer , Var l ey
’

s -A form of

photometer in w hich the intens ity of the l ight
to be measured is determined from the rel

a tive Openings Of tw o concen tric c ircular

diaphragms placed in two rota t ing discs , and
through w hich the s tandard l ight and the

l ight to be measured respect ively pass .

T he genera l arrangemen t of Varl ey
’
s photo

meter i s shown in Fig . 43 1 . T he concen tr ic c ir

Fig . 4 3 1 . Va r ley
’
s Photometer .

culat apertures extend circumferen tia lly 180 de

grees, and are reversed so that when one hal f

[Pho.

ring is fu lly open , the r ther i s completel y closed ;
or , if one ring, say the outer , i s opened 1 60 de

grees , the inner i s Opened 20 degrees . T he

quan tity of l ight then w hich pa sses through the
outer r ing from th e l ight to be mea sured i s e ight
times tha t passed through the inner ring. T he

c ircle i s divi ded in to parts , instead of in to
360 degrees, and , b y means of a vern ier , these
par ts are further divided into t o pa rts , permitting
a reading of the divis ions .

Two col l imeters placed in fron t of the d isc ,
project a disc w ith a black centre . and a luminous
spot respec tively . T he discs are regulated unti l
the l ight projected on the screen produces a un i

form disc . This i s readily a scerta ined , s ince if
one or the other predomina te , a disc w ith gray
spot, or a gray ma rgina l r ing w i th a br ight spot,
w il l appear.

T he genera l appearance of the c ircular d ia
phragm, corresponding to differen t rela tive pos i
tions of the two discs , i s shown in Fig. 432.

Fig . 4 3 2. Ci r cu la r Di aphr ag m cf Va r ley
’
s Photometer .

Photometr ic —O i or perta in ing to the

photometer. (See Photometer .)

Photometr ical l y.
—In a p hotometric man

ner.

PhotO pltone.
—An ins trumen t invented by

B ell for the telephon ic transmiss ion Of a rt ic
u late speech along a ray of l ight ins tead of

a long a conducting w ire.

Abeam of l igh t , reflected from a diaphragm
aga inst which the speaker ’s vo ice is d irected , i s
caused to fa ll on a se len ium resistance inser ted in
the c ircu it of a volta ic ba ttery , and a telephone.

T he changes thu s effected in the resistance of the
c ircu it by the varying amounts of l ight reflected on
the selen ium res istance from the diaphragm ,

while
moving to-and-fro under the influence of the speak .

er
’

s v i ce, produce in the receiving telephone a

series Of to-and fro movemen ts s imilar to those im
pressed Ou the tr ansmitt ing diaphragm. O ne l is

ten ing at the telephone can hear whatever has been
spoken in the neighborhood of the tran smitting
diaphragm . Telephon ic commun ica tion can ,

therefore, by such means be ca rr ied on a long a
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r ay or beam of l ight , theoretica lly through any

d is tance. (See Res i stance, Selen ium. )
Ablock of vu lcan ite or of certa in other sub

s tances may be used as the receiver, s in ce i t has
been discovered tha t a rapid succession Of flashes
o f light produces an audible sound in sma l lmasses

o f these substances .

T he term sonor es cen ce has been proposed for
the property possessed by such substances of

emitting sounds when subjected to such in ter
mitten t flashes of light. (See Sonor escence. )

Photophore, T rouve
’
s —An appa

r a tus in w h ich the light of a sma ll incandescent
e lec tric lamp is emp loyed for purposes of

m edical exp loration .

Asma ll incandescen t lamp i s placed in a tube
c on tain ing a concave mirror and a converging
Jens .

Photo-Tel egraph y. T he elec tric produc
t ion of p ictures , w ri ting , charts or diagrams

a t a di s tance.

Photo-Telegraphy i s sometimes ca lled telepho
‘

tograph y ; it i s a spec ies of fac-s im ile telegraphy.

.( See Telegr aphy , Fa c-Simi l e. Telephotography . )

Photo-Vol ta ic Effect—(See Ef ect ,Photo

Vol ta i c .)

Phys ical Change.
—(See Cha ng e, Phy

J z
'

ca l .)
Physical Phosphorescence—(See Phos

phorescence, Phy s i ca l .)

Physiolog ical .—Perta in ing to phys iology .

Physiol ogi cal Rheoscope.
—(See Rheo

J cofi e, Phy s i olog i ca l . )
Phys iol og ical l y.

—In a phys iolog ical man

n er ,

Phys iol ogy, El ectro —T he s tudy of
e lectric phenomena Of l iving an ima ls and

plan ts .

Living an ima ls and plan ts presen t electric

p henomena , due to the electric ity na tura lly pro
d uced by them. It i s the province of electro

physiology to ascerta in the causes and eflects of

these phenomena .

Pi ano, El ectr i c —Ap iano in w hich
the s trings are s truck by hammers a c tuated

"

.by means Of electro-magnets , ins tead of by

the usua l mechan ica l action of levers .

[Pie.

An elec tr ic pianos ac tion i s mainly usefu l in per
mitting the instrument to be played a t any d is

tance from the key-board . i t i s also of va lue
from the case i t afl

'

ords in recording the pieces
pla yed .

It fails , how ever , to properly preserve th e vari
ous modula tions of force so requ is ite for br illian t
in strumen ta t ion .

Pick l e.
—An acid solution in w hich me

ta ll ic objec ts are dipped before be ing ga l

van ized, or electroplated , in order to

thoroughly cleanse their surfaces .

T he pickle used for the prepa ra tion o f iron for
galvan ization i s a w eak solution of sulphur ic ac id
i n water. Various acids , or acid l iqu ids , are em.

ployed for insuring the thorough c leansing of

meta llic surfaces so necessary in order to en sure

an even , un i form, adheren t coa ting of metai by
the process of electroplating . (See Pl a t i ng ,

E lectr o

Pi ece, M agnet ic Proof A para
magnet ic rod , el l ipsoid or Sphere emp loyed
for ascerta in ing the d is tribut ion of magn et ism
over a magnet by the force required to de
tach the same. (See Pa ramag net i c .)

Prof. S. P. Thompson points out the fact
tha t the presence of the proof-piece so a lters the
distribution of magnetism on the magnet to be
measured as to render this method unreliable .

He a lso shows tha t the force required for detach
men t depends on the magnet ic permeability of

the proof-piece , as w ell as on i ts shape and i ts

pos ition in the magnetic c ircui t.

Pi eces, M outh —O penings into a ir

chambers , genera lly c ircular in shape , p laced
over the d iaphragms of telephones , phono

graphs , gramophones or graphO phones to

perm it the ready a pp l ica t ion of the mouth in
Speaking , so a s to set the diaphragm into
v ibra tion .

T he mouth-piece may be also u til ized by the
ear of an observer l isten ing so as to be a ffected
by i ts vibra tions .

Pi eces, Pol e, of Dynamo-El ectr ic M a

ch i ne —M asses of iron connec ted w i th
the poles

'

oi the field magne t frames of

dynamo-elec tric machines , and shaped to

con form to the out l ine or con tour of the

a rma ture.



T he pole pieces are made in a var iety of forms,
but in a l l cases are so shaped as to con form to the

outl ine Of the space in which the armature rotates .

T he pole pieces a re brought a s near as possible
to the arma ture, so as to increase the inten si ty of

the magnetic induction . T he interven ing a ir

Space shou ld be a s thin as possible, but of as large
an area as conven ien t.
T he Oppos ite pole pieces should not have their

extens ions brought too near together, as this w ill
permit of serious loss through magnet i c leaha e.

T he distance betw een them shou ld be as many
times the depth of the arma ture w indings as

possible . (See Leahage, M agn et i c . )
Rounded edges a re preferable to sharp edges

for the same reason .

Pi l e, Dry
—Avolta ic p ile or ba ttery

cons is t ing of numerous cel ls , the volta ic
coup le in each of w hich con s is ts Of sheets of
paper covered w ith z inc-foil on one s ide and

black oxide Of manganese on the other.

Var ious modification s of the above form have
been made.

T he term dry
-pile i s a misnomer , s ince al l such

piles con ta in subs tances moistened by liquid
electroly tes .

Pi l e, M uscul ar , M attettcci s —Avol

taie ba t tery or pile, the elements Of w hich a re

formed of longi tudina l and transverse sec tions
of muscle a l terna te ly connected .

M atteucc i
’
s exper imen ts appear to show that

the lower the an ima l i s in the sca le of creation ,
the stronger i s the curren t produced , and the

longer i ts dura tion . Du Bois-Reymond has

shown that the muscular curren t i s not due to

contact , bu t to the differences of electr ic poten
tia l na tura lly possessed by the muscles them
selves .

T he nerves a lso possess the power of producing
diflerences o f electromot ive force , and hence cur
ren ts . (See E l ectr otonus .

Pi l e, Thermo, Di fferent ial —Ather
mopile in w hich the two Oppos ite faces are

exposed to the act ion of two nea rly equa l
sources of hea t in order to determine accu

ra tely the d ifferences in the thermal in tens it ies
of such sources of hea t.

Pi l e, Thermo-El ectr i c —A number
of separa te thermo-elec tric coup les , un ited in

[Pi].

series , so as to form a s ingle thermo-electric
source. (See Coup le, Then na-E lectr i c .)
A thermo electric pile is sometimes ca lled a

thermo-electr ic battery .

Fig . 433 show s Nobili’s thermopile, in which
a number of bismuth
an timony thermo-elec
tr ic couples connected
in a con tinuous se

r ies , as shown par t ly
in Fig . 434 , are insu
la ted from one another ,
except a t their junc
tion s , and packed in a

meta l lic box , suppor ted
as shown in Fig . 433 .

T he free termina ls of Fi le“

the ser ies are con

nected to binding posts . D ifferences of tem

perature betw een the two faces Of the pile , where
the junction s are exposed , resul t in a difference
Of poten tia l equa l to the sum Of the differences of “

poten tia l of a l l the thermo-electr ic couples .

A careful inspec
tion w il l show tha t
the junctions are

formed successively
a t oppos i te faces of

the pile, so tha t if
the junc tion s be

numbered succes

sively , the evenjunc

t ions w il l come at

one face, and the

odd junct ions at the other . This i s necessary

in order to permi t a l l the thermo-electr ic couples
to a dd their d iflerences of potentia l ; for , i f, as

in Fi g . 435 , a thermo-electr i c cha in be formed ,

Fig . 4 3 4 . Ser ies -Co nnected

Thermo-El ect r i c Coup/es .

Fig . 4 3 5 . Thermo-Electr i c Ci r cui t .

no curren ts w i ll resu lt from equal l y heating any

two consecutive junctions J , J , of the meta ls A
and B , s ince the e lectromotive forces so produced
oppose each o ther .

Thermopiles have been constructed by
C lamond , Of couples of iron and an a lloy Of zinc
and an timony , of sufficien t power to p roduce a

vol ta ic arc w hose illumina ting power equa led 40
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T he proof-plane i s used in connection w ith
some form of electrometer . (See B a l ance, Cou

l omb’s Tor s ion . )

Pl ane, Proof, M ag net ic A smal l

coil of w ire placed in the circu it of a del ica te

ga lvanometer, and used for the purpose of

exploring a magnet ic field .

When the co il i s suddenl y inverted in a mag

netic field , i f a long-co il ga lvanometer provided
w i th a h eavy needle i s used , the number of l ines
o f force which. pass through the area of cross-sec

tion of the coil w il l be propor tiona l to the s ine of

ha l f the angle of the fi rst sw ing of the needle .

Pl an t.—Aword sometimes used for in
s tal lat ion , or for the appara tus required to

carry on any manufacturing Opera tion .

An elec tr ic plan t includes the steam eng ines
or other pr ime motors , the genera ting dynamo or
d vnamos

, the lamps and other elec tro-receptive
devices , and the circui ts connected therew ith .

Pl ant El ectr ic i ty. (See E lectr i ci ty ,

P la n t . Pla n ts , Electr i ci ty of .)

Pl ants, El ectr ic i ty of —Elec tric ity
produced na tura l ly by plan ts during their v ig
orous grow th .

DuBois-Reymond and others have shown tha t
plan ts while in a vigorous vita l sta te are active
sources of elec tr icity .

If one of the termina ls Of a ga lvanometer be
inserted in to a fru it near i ts s tem, and the other
termin a l into the Opposite par t of the fru it, the
ga lvanometer a t once shows the presence of an

e lectric current.
B uff has shown that the roots and in ter ior por

t ions of plan ts are a lways nega tively charged ,
w h i le the flowers , frui ts and green tw igs are posi
tively charged .

Plan t tissue or fibre, l ike the muscular fibre of

a n ima ls
,
exhibits in man y cases a true con traction

o n the passage through it of an e lectr ic cur ren t .
This i s seen in the l l/imosa sen s i t iva , or Sensi tive
Fern , in theVenus

’Fly-Trap , and in severa l other
spec ies of plan ts .

Pouillet conc ludes from numerous
'

observ ations

tha t the free pos i tive elec tr ic ity of th e a tmosphere
i s partly due to the vapors disengaged by grow .

i ng plants .

T he pecul iar geographi ca l distr ibution Of thun
d er s torms , however , does not favor this assump

tion . (See Storm,
Thunder , Geogr aphica l D i s

tr ibution of . )

Pl ast i cs, Gal vano —A term some

t imes employed for elec trotyp ing , tha t is
where the depos i ts are suffi c ien tly thick to

permi t of ready separa tion from the ob jec t
wh ich forms the mould .

Li tera l ly, the cold moulding or shap ing of

meta ls by elec trotyp ing . (SeePla t i ng , Elec

tr o. M eta l lurgy , Electr a.)
T he word ga lvano-plastics is sometimes u sed

a s synonymous w i th elec trotyping , e lectro-plat
ing , or electro-meta llurgy genera lly .

Pl astics, Hydro T he art of elec

trica lly shap ing or depos i t ing meta ls in the

wet by elec trotyp ing . (See Pla st i cs. Ga l

v a no.)

Pl ate, Arrester , of Ligh tn ing Protector
—Tha t p la te of a l ightning protec tor

w h ich is d irec tly connec ted w ith the c ircui t
to be protec ted , as d is t inguished from the pla te
tha t is connec ted w ith the ground . (See

Ar r ester , L ightn i ng .)

Pl ateCondenser .
—(See Condenser , Pla te.)

Pl ate, Ground, ofLightn i ngArrester
—Tha t p la te of a comb l ightn ing arres ter
w hich is connec ted to the earth or ground .

(SeeAr r ester , L ightn i ng , Comb.)
Pl ate, Negat i ve, of Storage Cel l

T ha t p la te of a s torage cell w h ich , by the

ac t ion Of the charging curren t , is converted
in to or part ly coveredwi th a coating of spongy
lead .

T ha t p la te of a s torage ba ttery which is
connected w ith the nega tive termina l of the
charg ing source, and w h ich is therefore the

nega tive pole of the ba t tery on d ischarging .

T he usage i s the reverse of tha t in the case of

the primary ba ttery .

Pl ate, Negati ve, of Vol ta ic Cel l
T he electro-nega tive element of a vol ta ic
coup le. (See Coup le, Vol ta i c .)
Tha t elemen t of a volta ic couple w hich is

negat ive in the elec trolyte of the cell . (See

E lectr oly te.)
Th e nega tive pla te of a vol ta ic cel l is the pla te

not acted on by the elec troly te . In a z inc -carbon
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c ouple in di lute sulphuric acid , the carbon plate
i s the nega ti ve plate . (See Cel l , Vol ta i c. )
T he nega tive pla te i s to be carefu lly distin

guished from the nega tive pole, which is the ter
mina l connected to the pos i tive pla te. T he

termina l connected to the nega tive pla te is the
posi tive pole. (See Cel l , Vol ta i c. )

Pl ate, Posi t i ve, of Storage B attery
—Tha t pla te of a s torage ba ttery w h ich is
converted into, or covered by, a layer of lead

peroxide, by the ac tion of the charg ing curren t .
Tha t p la te of a s torage ba ttery wh ich is

c onnec ted w i th the pos it ive terminal of
'

the
c harging source and w h ich is , therefore , the

pos itive pole of the battery on discharging .

It w il l be noticed tha t the usage in this respec t
i s the reverse of tha t in the case of pr imary bat
teries , in w hich the pos itive pla te i s pos itive in
the l iquid on ly ; the end w hich projects from the

l iquid , or the termina l connec ted w i th it be ing
nega tive .

In s torage ba tteries , the po s i tive pla te is con

nec ted w i th the posi tive pole. (See B a ttery ,

Stor age. Cel l , Vol ta i c. )

Pl ate, Posi ti ve, of Vol ta i c Cel l
"

T he electro-pos it ive elemen t of a vol ta ic
c oup le. (See Coup le, Vol ta i c .)
Tha t elemen t of a volta ic couple w hich is

pos it ive in the elec trolyte of the cel l . (See
E lectrolys i s .)
T he posi tive pla te of a vol ta ic cel l i s the pla te

out from which the curren t flows through the

e lec trolyte .

T he zinc plate of a z inc-carbon couple i s the
p os itive pla te . (See Cel l , Vol ta i c . )
T he curren t lea ves the cell , how ever , to flow or

pas s through the externa l c ircuit a t the w ire or

termina l connec ted w ith the nega tive pla te . (See
Cel l , Vol ta z

'

c. )

Pl ate, Pr imary, of Condenser

Tha t p late of a condens ing trans former in

w h ich the induc ing charge is p laced in order
to induce a cha rge of d ifferen t potent ia l in the
s econdary p la te .

Pl ate, Secondary , of Condenser
T ha t p la te of a condens ing trans former. in

w h ich the induced cha rge is produced by the

induc t ion of a charge on the primary p la te .

P late, Zinc , of Vol ta i c Cel l . Ama lgama

t ion of —Covering the surface of the

z inc p late of a vol ta ic cel l w ith a th in layer of
ama lgam in order to avoid loca l ac t ion . (See

Act i on , Loca l , of Vol ta i c Cel l . Zi nc , Ama l

g ama t i on of .)

Pl ates ,Arrester Aterm somet imes
a pp l ied to the two pla tes of an ordinary comb
l ightn ing arres ter. (SeeAr r ester , n lztn ing ,

Comb.)
The pla te tha t i s connected to the l ine to be

pro tected , i s more correc tly ca l led the arres ter
pla te, and that connected to the ground the ground
p la te .

Pl ates of Secondar y or Storage Cel l ,

Formi ng of —O bta in ing a th ick coa t ing
of lead perox ide on the lead p la tes of a s torage
ba t tery , by repea tedly send ing the charg ing
curren t through the cel l a l terna tely in oppos i te
d irec t ions .

T he efi
'

ect of sending a curren t be tw een tw o

lead plates immersed in dilute sulphur ic acid , i s to
coa t one of th e pla tes w ith lead peroxide. O n the

sending of the current in the Oppos ite direc tion ,

the other pla te is coa ted w i th lead peroxide . If

now the curren t i s sen t in the oppos ite direc tion ,

more peroxide i s deposited on . one of the pla tes ,
and the peroxide a t the o ther pla te is conver ted
in to spongy lead .

At the end of charging , the ba ttery w il l form
an independen t source of curren t. (See Cel l ,
Stor age. )

Pl atform,
Pol e Ap la tform , capable

of support ing severa l men , p laced on a termi
na l pole provided w ith a cab le box , for the
purpose of afford ing a readymeans of inspec t
ing and arrang ing the conductors in the box .

Pl ati ng B al ance.
—(SeeB a la nce, Pla t i ng .)

Pl at ing B ath , El ec tro (See B a t/z,

Electr a-Pla t i ng .)
Pl at i ng , Copper —Elec tro-p la ting

w ith copper. (See Pl a t i ng , E lectr a . B a t/z,

Copper .)
Pl at i ng , El ectro T he proces s of

covering any elec trica lly conduc ting surface
w ith a meta l by the a id of the e lectric
curren t .
B y th e a id of elec tro-pla ting , the baser me ta ls

are covered w ith s i lver
, gold or pla tinum , or w i th

any other meta l , such a s n icke l or copper .
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The process of electro-pla ting is carr ied on as

fol low s

T he object to be plated is connected w ith the
negative termina l of a battery and placed in a so

lu tion of the meta l w i th which it i s to be pla ted ,
oppos ite a pla te of tha t meta l conn ected to the

positive termina l of the battery . If, for example ,
the objec t is to be pla ted w ith copper , i t is placed
in a solution of copper su lpha te or blue vitr iol ,
oppos ite a pla te of copper . By this arrangemen t
the objec t to be pla ted forms the ka thode of the

plating ba th, and the plate of copper forms the
anode.

O n the passage of the curren t the copper sul

phate (Cu 804 ) i s decomposed , meta ll ic copper
being depos ited in an adheren t layer on the ar ti
c les attached to the ka thode , and the acid radica l
(804 ) appear ing at the anode , where i t combines
w i th one of the a toms of the copper pla te . Since
for every molecu le of copper sulphate decomposed
i n the electrolyte , a new molecule of copper sulphate
is thus formed , by the gradua l solution of the copper
anode, the strength of the solution in the ba th is
ma in ta ined as long as any of the copper pla te re

ma ins a t the a node, and the ordinary a ctivity of

the cell is not otherw ise in terfered wi th .

When any other meta ls, such as gold , s ilver or
n ickel , for example, are to be deposited, sui table
solutions of their sa l ts are placed in the bath , and
pla tes of the same meta l hung at the anode.

T he character and coherence of the metall ic
coa tings thus obta ined depend on the na ture and
s trength of the pla ti ng ba th , and on the densi ty
of the curren t employed . T he s ize and pos i tion
of the anode, as compared w i th the s ize and posi
t ion of the objects to be pla ted , must therefore be
carefully a ttended to, as w ell as the s trength of

Fig . 4 3 9. Electr o Pla t ing

the meta llic solution and the curren t strength
pass ing. (See Cur ren t D ens i ty . )
Fig . 439, show s a bath arranged for s ilver

pla ting .

T he anode consists of a pla te of s ilver . T he
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spoons , forks , etc . , to be plated a re immersed in
a suitable s i lver solution and connec ted w ith the
ka thode .

T he electro-pla ting p rocess when employed for
the produc tion of electrotype pla tes i s called
electrotyping . Here the object is to obta in a re

production in meta l of any pa rticu lar form, such
a s of type or o f some na tura l objec t. It was

ca lled by Jacobi the ga lv a noplas t i c process . T he

term electr otyping i s , how ever , more genera lly
adopted . (See Electrotyp ing , or t/ze E l ectrotype

Process . )

Pl ating , Gol d Electro-pla t ing w ith
gold . (See Pla t i ng , Electr o. B a t/z, Gold .)

Pl ating, N ickel -Electro p la ting
w ith nickel. (See Pla t i ng , Electro. B a t/z,

Nickel .)

Pl at ing , Sectional Pla ting an art icle
w ith a grea ter thicknes s of metal a t certa in ‘

po in ts than at the res t of the surface.

Sec tiona l pla ting i s employed for such objects
as spoons , etc . , which are, by this method , given
a greater thickness of deposi t a t the under portions
of the bow l and handle, where the spoon usually
rests , and is, therefore, exposed to the grea test
wear .

Sec tiona l plating i s effected by means of sec

tiona l plating frames . (See Pla t ing , Electr o.

Frames , Sect iona l Pl a ting . )

Pl ating , Si l ver —Electro-p la ting
w ith s ilver. (See Pla ti ng , Electro. B a t/z,

Si l t/er .)

Pl atinoid.
—An a lloy cons is ting of German

s ilver con ta ining I or 2 per cen t . of meta l l ic
tungs ten .

Pla tinoid is suitable for use in resistance coils on
accoun t of the comparatively sma l l influence pro
duced on i ts electr ic resis tance by changes of

temperature.

Its res istance is 60 per cent . higher than tha t
of German s ilver .

Pl at i num.
—A refrac tory and not readily

oxid izable metal , of a tin-white color.

T he co-efii cient of expans ion of pla tinum by
hea t i s very near ly tha t o f ordin ary g lass . Pla

tinum is , therefore , genera lly employed for the
l eadingdn conductors of an incandescen t lamp .

These conductors are fused into the glass of the
lamp chamber . O n the heating of the w ires by
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The active ma terial forming the plugs i s placed
in the spaces in the grid while in the p la s tic con

dition. O n the subsequen t harden ing Of this ma
teria l , these gr id plugs cannot readily fa ll out,
s ince the spaces are so shaped tha t their interior
por tions a re Of grea ter diameter than a t the sur

face of the pla tes .

Pl umbago.
—An allotrop ic modifica t ion of

carbon.

Plumbago, the ma teria l commonly known as

bl a ck lea d, i s the same as graphite. Powdered
plumbago i s employed in electrotyping processes

for rendering nOh-conducting surfaces e lec trica lly
conducting. For this pu rpose powdered plum
bago is dusted on the surfaces , which thus acqu ire
the power of rece iving a meta ll ic lustre by fri c
tion . Stove polishes are formed Of mixtures of

plumbago and other cheap ma terials . (See
Gr aph i te. )
Str ictly speaking, the term graphite i s properly

applied to such varieties o f plumbago as are sui t
able for direct use for wri ting purposes , as in lead
penc ils .

Pl umbago, Coppered Pow dered
plumbago coa ted w ith copper, for use in the

meta l l iza tion Of Objects to be electro-p la ted .

(SeeMeta l l i za t i on .)
Pl umbago, Gi l t —Powdered plum

bago w hose conduc t ing pow er for electric ity
has been increased by coa t ing i t w i th meta l lic

gold .

G ilt plumbago i s used for render ing non-con

ducting surfaces elec tr ica lly conducting and thus
prepar ing them for e lec tro-pla ting .

T o prepare gi l t plumbago, dissolve in 100 par ts
of sulphuric e ther I part Of chlor ide of go ld , mix
in this 60 pa rts of powdered plumbago , and ex

pose to a ir and light un til a ll ether has vola tilized .

Then dry in an oven .

Pl umbago, Si l vered —Pow dered
plumbago coated w ith metal l ic s ilver for use

in the metall iza tion of Objects to be elec tro
pla ted .

Pl unge B attery .
— (See B a ttery , Plung e.)

PneumaticPerforator. (SeePerf or a tor ,
Pneuma t i c.)

Pneumat ic Signal s, El ectro
Szgna ls , Electr o-Pneuma t i c .)

Pock ets , Armature —Spaces pro

v ided in an armature for the reception of the
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arma ture
,

coils .

”

(See Coi l s , Arma ture, of
Dy namo

-Electr i c M a ch i ne.)

Poggendorff
’
s Vol tai c Cel l . —(See Cel l ,

Vol ta i c , Pogg endorf
’

s .)
Poi nt, Carbon —A term formerly

appl ied to the carbon electrodes used in the

produc tion O f the vol taic arc.

Poi nt, Indi fferen t —Apoin t in the
in tra-polar reg ions of a nerve w here the ane

lectroton ic and kathelectroton ic reg ions meet ,
and where the exc itability is therefore un

changed .

This is sometimes ca lled the neutra l poin t.

Poi n t of Ligh tn ing Rod —(See Rod ,
L ightn i ng , Poi n ts on .)

Poi nt of Or igin .
—(See O r zg i n , Point of .)

Point , Neutr al —In elec tro-thera

peutics , a term somet imes used ins tead Of in
d ifferen t po int . (See Poi n t ,

Poi nt, Nodal —T he nu ll point in a

c ircui t traversed by elec tric oscilla tions . (See
Poi n t , Nul l .)
Poi n t, Nul l Such a poin t on a

micrometer c ircui t, t ha t w hen joined or
'

con

nected w ith the second
a ry c ircu i t of an in

duc t ion coi l , the s parks
in the micrometer c ir

cu i t a re either very

grea t ly decreased or

are en tirely absen t .

T he nul l point on the

micrometer c i rcu i t i s s i tu
a ted symmetr ically w i th
respect to the micrometer
knobs .

If the induction coi lA,

Fig . 440, has i ts second
ary c ircu it connected as a 6

shown w ith the microm Fie 4 4 0. Nu”Point .

e ter c ir cu i t a t the point e, s i tuated at the cen tre
Of the micrometer c ircuit, the poin t w il l be a null
poin t, and the effects Of sparks a t the micrometer
knobs , a t M ,

w il l be grea tly decreased . Under
the condition s shown in the figure , the elec tr ica l
Osc illa ti ons in the micrometer c ircu it must be re

garded as in the condition Of stationary waves or
v ibrations. It wou ld seem

,
therefore , that defi

n i te w aves or vibra tion s are se t up in themicrom
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eter c ircu i t, in the same way as are the vibra
tions produced in an elastic bar set in vibra tion
by a violin bow, or by a blow from a hammer .

Points, Consequent —T he poin ts or
p laces in an anoma lous magnet w here the

consequen t poles are s i tua ted . (SeeM ag net ,

Anoma lous . Pole, Anoma lous .)

Points, Corresponding —Poin ts
where the l ines Of electros ta t ic force sur

rounding an insula ted charged conductor
en ter the surfaces Of neighboring conductors .

Poin ts on the surface of a body placed in
an elec tros ta tic field where the l ines of elec

trosta t ic force en ter its surface , and thus pro
duce a charge _

equal and Oppos ite to tha t
of the surface of the body at the points from
which they came.

Corresponding poin ts receive, in accordance
w ith the laws of electrosta tic induction , charges
equa l and Opposite to those of the sur faces from
which the l ines of electros tatic force or ig ina te .

Points, Electr ic Action of —T he
effec t O f points p laced on an insula ted ,
charged conduc tor, in s lowly discharging the

conductor by electric convect ion . (See Con
v ect i on , Electr i c.)
T he cause Of this action Of points is to be at

tr ibuted to the increased dens ity of a charge on

the surface of a conductor a t the points and the

consequen t production of convection streams Of
a ir , which thus gradually carry O ff the charge .

(See Cha rge, D istr ibut ion of . )

Points, ISO-El ectri c —Aterm some

t imes used ia electro-therapeutics for poin ts
of equa l potentia l .

Poi nts , Neutral , of Dynamo-El ectr i c M a

ch i ne -Two points Of grea tes t d iffer
ence Of poten t ial , s itua ted on the commuta tor
cyl inder, a t the oppos i te ends of a d iameter
thereof, a t wh ich the col lecting brushes must
res t in order to carry O ff the curren t qu ietly.

These are called the neutra l poin ts because the
coils tha t are short-c ircu ited by the brushes l ie in
the magnetically neutra l poin ts of the arma ture.

(See Line, Neu tr a l , of Commuta tor Cy l inder . )

Points , Neutral , of M ag net —Poin ts
approx ima tely midway between the poles o f
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Poi nts or Rhumbs of Compass—(See
Compa ss , Poi n ts of .)
Pol ar Reg ion.

-(See Reg i on , Pola r .)
Pol ar T ips—(See T ips , Pola r .)
Pol ar i ty, Diamag net ic —A polar

ity the reverse Of ordinary magnetic pola rity ,
the exis tence Of wh ich w as assumed by Fara
day to expla in the phenomena Of diamag
net ism. (See D i amag net i sm.)
Faraday assumed tha t d iamagnetic substances ,

when brought in to a magneti c field ; acquired
nor th magneti sm in those parts tha t were neares t
the nOrth pole, ins tead of south magnet i sm, a s

w i th ordinary magnetic substances . T he north
pole thus Obta ined would , he thought, expla in
the apparen t repuls ion of a s lender rod Of any di
amagnetic ma teria l del icately suspended in a.

s trong magnetic field , and cause i t to point equa
toria lly , or w ith the l ines of force passing through
i ts leas t dimen sions . This suppos ition w as subse

quen tly abandoned by Faraday . It has recentl y
been revived by Tyndal l. (See D iamagneti sm. )
T he action o f a diamagnetic body , when placed

in a magnetic field , is now genera ll y ascribed to
the fact tha t the a tmosphere, by which such body
i s surrounded , is more powerfu l ly paramagnetic
than the diamagnetic substance . T he d iamag .

netic substance comes to rest in an equatoria l pos i
tion

,
because in tha t pos i tion there i s the grea tes t

length Of a ir in the pa th Of the magne tic l ines ,
which has a sma ller magnetic res is tance than the
diamagnetic substance .

Pol ar i ty , M ag net ic
—T he polari ty

acquired by a magnet izable subs tance w hen
brought in to a magnet ic field .

a magnet . (SeeLine,Neutr a l , of a M ag net .

M ag net , Equa tor of .)

Poin ts, Neutral , of T hermo-El ectri c Di a
gram T he points on a t hermo-e lec tric
d iagram where the l ines represen t ing the

thermo-electric pow ers of any two meta ls
cros s one another.
Amean tempera ture for any two meta ls in

a thermo-elec tric series , at w hich , if their two
junc t ions are s l ightly over and s l ight ly under
the mean tempera ture (the one as much

above as the o ther is below) , no eff ec tive
elec tromotive force is developed . (See D i a

g r am, Thermo-Electr i c. Couple, Thermo
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T he d irection of magneti c polar i ty , acquired by Pol ar iz ing El ectro-Therapeut i c Current.

a subs tance When brought into a magnetic field , —(See Cur ren t , Electro Ther apeut i c Pola r
d epends on th e direc tion in which the l ines Of
magnetic force pass through it. Where these
l ines en ter the substance a sou h pole is pro

d uced ,
and w here they pass out

,
a north pole i s

produced . T he a x i s of magneti za t ion l i es in the

d i r ect ion of the l ines of f or ce a s they pa ss

through the body , and the in ten s i ty of magnetiza

t i on depends on the number of these l ines Of
force which pass through the body .

The cause of magnetic polarity i s not defin i tel y
known . Hughes

’ hypothesis a ttributes i t to a

property inheren t in a ll ma tter . Ampere at

tr ibutes i t to closed electri c c ir cui ts in the u ltima te
particles . Whatever i ts cause, it i s invariably
man ifested by a magnetic fi eld , the l ines of for ce o f
w hich are assumed to have the direction a lready
men tioned . (See M agnet i sm,

Hughes
’ Theory

of . M agnet i sm,
Amper e

’
s Theory of . M agnet

i sm
, Ew i ng

’
s Theory of . )

Pol ar izat ion , Gal van i c —A term
somet imes a ppl ied to the polariza t ion of a (See Arma tur e,

vol ta ic cell . (See Cel l , Vol ta i c , Pola r i za
t i on of .)

Pol ar ization , Internal , of M oi st B odi es

—A polariza t ion exh ibited by such

mo is t bodies a s the nerves , muscular fibres ,
the juicy parts Of vegetab les and an imals , or

in general by a l l bod ies posses s ing a firm s truc

ture fi lled w ith a l iquid , on the pas sage
through them Of a s trong elec tric current .

Pol ar i zat ion , M agnet i c Rotary
The rota t ion of the p lane of pola riza tion of a

beam Of plane-polari zed l ight consequen t on
its pas sage through a p late Of gla ss subjected
to the s tress of a magnetic field . (See Rota
t i on , M ag neto

-Op t i c .)

Pol ar i zat ion of Di el ectr i c.
—(See D i elec

t r i c , Pola r i z a t i on of .)

Pol ar i zat ion of E l ectrol yte—(See El ec
t roly te, Pola r i za t i on of .)
Pol ar i zat ion of Vol ta i c Cel l .—(See Cel l ,

Vol ta i c , Pola r i z a t i on of .)
Pol ari zed Armature—(See Arma tur e,

Pola r i z ed .)
Pol ar i zed Rel ay.

—(SeeRelay , Pola r i zed .)
Pol ar i z i ng Current —(See Curren t

,

Pola r i za t i on .)

Pol e, Anal ogous —Tha t pole of a

pyro-e lec tric subs tance, l ike tourma line, wh ich
acquires a pos itive elec trifica t ion w hile the

temperature Of the crys ta l is ri sing. (See

E lectr i ci ty , Py r o.)

Pol e, Anomal ous —A name some

t imes given to those parts or poles in an

anomalous magnet w h ich cons is t of two s imi
lar free poles p laced together. (See M ag net ,

Anoma lous .)

Pol e, Ant i logous Tha t pole of a

pe
-elec tric subs tance , l ike tourma line, w hich

acquires a nega tive elec trifica tion w hen the

tempera ture of the crys ta l i s ris ing , and a

pos it ive elec trificat ion w hen it is fa l l ing . (See

Electr i c i ty , Py r o.)

Pol e, Armature
Pole.)

Pol e Changer .
—Asw i tch or key for chang

mg or revers ing t he direction o f curren t pro
duced by any elec tric source , such a s a bat

tery .

T he commuta tor of a Il
’
uhmhorfl

r
coi l is a sim

ple form of po le changer . It i s , how ever , usu
a l ly ca lled a commuta tor . (See Coi l , Induct ion . )

Pol e—Chang i ng and Interr upti ng El ec

trode Handl e.
—(See E lectr ode-Ha ndle,

Pole-Cha ng i ng a nd I n ter r up t i ng .)

Pol e-Chang ing Swi tch—(See Sw i tch ,

Pole-Cha ng i ng .)

Pol e Cl imbers—(See Cl imber s , Pole.)

Pol e, Consequent —Amagne t pole
formed by two free north or tw o free south
poles placed together. (See M ag net ,Anom
a lous.)

Pol e, M agnet ic , Austral A name

formerly emp loyed in France for the north
seeking pole of a magnet .
T ha t pole Of a magnet w h ich points to the

earth ’

s geographica l nort h.

I t w ill be Observed tha t the French regarded the
magne t ism of the ea rth’s Nor thern Hem isphere
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T he termina l pole, or the last pole at each end

of the l ine, or where the w ires bend at an angle
Of nearly 90 degrees, is made larger than usua l
and is Often cu t square.

T he holes for the poles mus t be dug in the true
l ine Of the w ires, and not a t an angle to such line.

As l ittle ground should be distu rbed in the d ig

g ing as possible. Ea r th borer s , or modificati ons
Of the ordinary ship auger, are genera lly em

ployed for this purpose. When the pole i s placed
in pos ition the ground should be rammed or

punned around the pole.

In sett ing thepole, i t i s general ly buried at least

5 feet in the ground. In England the poles are

plan ted to a depth of abou t one-fifth Of their
length . In embankmen ts and loose ground, they
are plan ted deeper than in more solid ea rth . O n

curves, the poles should be incl ined a l ittle so as

to lean back aga inst the la tera l stra in Of the w ire,
s ince by the time the ground has completely set,
the s tra in of the w ire w il l have pulled them in to
an erect pos ition .

Care mus t be taken to so plan t the poles on

tha t s ide of a road or ra ilway tha t the preva il ing
w inds w il l blow them O ff the roadbed , should i t
overturn them. As to location , the top Of s teep
cutt ings i s preferabl e to the slope. In al l exposed
posi tions

,
it is preferable to strengthen the poles

by s tay s attached to both sides .

Where the number Of w ires i s unusua lly l arge,
heavy timber , or in case of i ts absence, double

Fig. 4 4 1 . Teleg r aph ic
B r a ckets .

Fig . 4 42. Teleg r aph ic
Arms .

poles su i tably braced together , must be employed .

In long lines the poles shou ld a ll be numbered in
order to afford ease Of reference in ca se Of repa ir .

When , even w i th the bes t punn ing , and other
precau tions, the pole is judged to be unable to
res is t the stra in on i t, s tay s and s truts are em

ployed. As tay i s used when i t i s des ired to re

move thepul l or ten s ion from the pole a s tru t ,

when i t i s desired to remove the thr us t orpr es sure.

The a rms or br a ckets , or the cross-pieces tha t

414 [Po].

support the insula tors , should all be placed ou

the same s ide of the poles . Some common forms
of brackets are shown in Fig . 44 1 , and Of tele r

graphic arms in Fi g. 442.

Saddle br achets shou ld be placed on a lterna te
sides Of the poles . When the s tra in on an insula
tor is too grea t, on accoun t Of the w ire going off

a t a sharp angle, a sha chle i s used . Thi s is a

specia l form of insula tor which confines the s tra in .

to one spot.

A form of double sha ckle is
“

shown in Fig.
.

443 . T he w ire passes around the recess at B ,

be tween the two insula tors.
O n curves, or in any s i tuation where there is a,

probability , in case Of the breaking Of an insul a r

Fig . 4 4 4 . Hook Gua r d .

tor , Of a w ire getting in to a dangerous position ,
guards should be employed .

Guards a re Of two kinds, viz . : hoop gua rds

and hook gu a rds . A form of hooh gu a rd i s

shown in Fig . 444 .

When wooden poles are employed var ious pre
servative methods are adopted to protect the
wood from decay , which is very apt to occu r ,

especia l ly where the pole en ters the ground .

Some Of these forms are as follow s , v iz .

Cha r r ing and ta r r ing the bu tt end of the

pole where i t en ters the ground , so a s to expel
the sap and destroy in jurious plan t or animal

germs .
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The charred end is then cleansed and dipped
in a mix ture of tar and s laked lime .

B um et i z ing , or the in troduction Of
chloride of zinc in to the pores of the wood , by
plac ing the poles in an Open tank fi lled w ith a

solution Of this salt.
Ity an i z ing , or the s imilar introducti on of

corros ive sublimate, or mercur ic chlor ide.

B oucher i z ing , or the injecti on Of a solution
Of copper sulphate in to the pores Of the wood .

Cr eosoting , or the applica tion Of creosote
to well seasoned poles .

Pol e, Tel egraph ic, Punn i ng of

Ramm ing or packing the earth around the

base of a telegraph pole for the purpose of

more securely fixing it in the ground.

Pol e, Tel egraph ic, Termi nal —T he
pole a t ei ther end Of a telegraph ic l ine.

As the first or las t pole in a telegraphic l ine is
not suppor ted on Opposite s ides by the l ine w ires,
i t i s genera lly made stouter than the in termediate
poles , and grea ter care i s taken to fix i t securely
in the ground .

Pol e, Test i ng —A term sometimes
employed in electro-therapeutics for the in

differen t pole or electrode. (See Electrode,
Indgf er ent .)

Pol e, T rol l ey —T he pole w hich sup

ports the tro l ley bearing and res ts on the

socket in the t rolley base frame in an over
head w ire elec tric ra ilway sys tem.

Pol e, Un i t, M ag net ic —Amagnet ic
pole Of such a s trength tha t i t would ac t w ith
a un it or dyne Of force on another uni t pole at
a dis tance of one cent imetre.

Pol es, Consequen t —T he name gi ven
to s ingle magnet ic po les formed by two free
N . poles or two free S. poles p laced together.

(See M ag net , Anoma lous .)

Pol es, Idl e —Poles or electrodes in
Crookes

’ tubes , between w h ich d ischarges are
not taking p lace.

T he idle poles have no connection w ith the i h
duc t ion coils or O ther sources fromwhich the elec
tric d ischarges a re obta in i (1. These poles are pro
v ided for attaching ga lvanometer w ires, etc . , in the

s tudy of the Ed ison effect, or for the study of the

415 [Por.

Porcel a i n .
—A

‘

variety of insula t ing ma

teria l .

Atranslucen t va riety Of ea rthenw are .

Porous Cel l .—(See Cel l , Por ous

Porous Cup.
—(See Cup , Por ous

Porous Insul ation.
—(See I nsu l a t i on ,

Por ous .)
Porous J ar . (Seeja r , Por ous .)

Porret
’
s Phenomena—(See Phenomena ,

Por r et .)

elec trical condition of the dark space and other
regions Of the a tmosphere Of the tube.

Pol es, M ag net ic —T he two poin ts
w here the l ines Of magnet ic force pass from
the iron into the air, and from the a ir into
the iron.

T he two poin ts in a magnet where the

magnetic force appears to be concentra ted.

In reality the magnetic force is mos t concen
trated a t the neutra l poin ts Of a m agnet, through
which all the l ines Of force pass .

Al l magnets pos sess a t leas t two poles , one

positive or nor th , and the other nega tive or sou th .

T he lines Of magnetic force are assumed to

come out of a magnet a t i ts north pole , and to

en ter i t a t i ts south pole.

Pol es, M ag netic, of Vertici ty
Ver t i ci ty , Poles of , M ag net i c .)

Pol es of Condenser .
—T he term inals Of a

condenser. (See Condenser .)

Pol es of M ag net ic In tens i ty.
—(See [ n

tens i ty , M ag net i c , Pole of .)

Pol yphase Current.—(See Cur r en t ,

M ul t i-Phase.)
Pol yphotal Arc Ligh t Regul ators.

—(See
Reg u la tor , Polyphota l Ar c-L ight .)

Popgun , El ec tro-M agnetic Amag
netiz ing coil , provided w i th a tubular space
for the insert ion of a core, much shorter than
the length of the coil , wh ich , w hen the ener

giz ing curren t is passed through the coil ,
is thrown v iolently out from the coil .

T he movemen t and consequen t expulsion Of the
core is due to the ac tion Of the lines of magnetic
force which complete their circui t through the

core .
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Portati ve P0vver .
—(See Power , Por ta

t i t/e.)
Portel ectr i c.

—Ah electric carrier.

A sys tem of elec tric transporta tion by
means Of the success ive a ttrac t ions Of a num

ber Of hol low hel ices Of insulated w ire on a

hollow solenoida l iron car.

T he solenoidai car forms themovable core Of the
helica l coils . As i t moves through these co ils i t
automa tical ly closes the circui t of an electric cur
rent through the co ils ih advance Of it and Opens
the circui t of the coils in i ts rear . In this w ay the
solenoida l car advances in a l ine coinc iden t w ith
the axis Of the hel ica l coils , being virtua lly sucked
through them by their magnetic a ttrac ti ons . This
system Of electr ic propuls ion i s un ique in systems
Of electr ic traction . Th e motor becomes a mere

mass of iron or other paramagnetic mater ial .
T he system i s sui table for the carr iage Ofma il or
other comparatively light ar ticles a t a high speed .

In an experimen ta l plan t a t Dorchester , M ass . ,

a track of feet in length w as la id in the ap
proxima te form o f an ova l . T he track w as

formed by an upper and lower ra il of steel , suit
ably suppor ted by str ingers .

T he car , which forms the movable core Of the
solenoida l co il s, w as of wrought iron , and was

cylindrica l in shape, w ith con ica l ends. It wa s

Fig. 4 4 5 . Por telect r z
‘

. Tr ack .

12 feet in length and 10 inches in diameter, and
weighed about 500pounds . I t would carry abou t

letters . It had tw o flanged wheels above
and two below .

T he solenoida l coils , by the a tt ractive power of

which the core was moved , embraced the track
and the movable core or carr ier. They were
fixed a long the track at in tervals Of 6 feet from
centre to cen tre. Each coil w as formed Of 630
turns OfNO . 14 copper w ire. T he upper track
ra il i s divided in to sections which form conduc tors
for the dr iving curren t. A cen tra l whee l w as

41 6 iPos.

placed on the top Of the carrier
-

and connec ted the
severa l helices successively w i th the electric

Fig. 4 4 6 . Por telectr i c Ca r .

source as the car rier w as drawn forward. A
speed Of about 34 mi les an hour w as reached .

Asection Of the track i s shown in Fig . 44 5 , and

the shape and genera l s tructure of the carrier in
Fig . 446 .

Port rai t, El ectri c -A portra it
formed on paper by the electric vola t ilizat ion
of gold or other meta l .
An electri c portr a it i s Obta ined by cutting on

a thin card a po'rtra i t in the form of a stenci l . A
sheet of gold leaf is then placed on one side of the

Fig . 4 4 7 . Elect r ic Por t r a i t .

paper stenci l , and a sheet Of paper on the other
side sheets of ti n-foi l are then placed on the out
s ide , as shown ih Fig . 447, and the whole firmly
pressed together . If, now ,

a d i srupti ve discharge
i s passed through from one sheet of tin-foi l to the
other , the gold leaf i s vola tilized , and a purpl i sh
s ta in is left on the paper Of the outl ines of the
stenciled card

,
thus forming an electric portra it .

Posi t ion , Energy of —A term used

for s tored energy , or poten tia l energy. (See

Energy , Poten t i a l .)

Posi ti ve Direct ion of a Simpl e-Harmon ic

M otion.
—(See M oti on , Simp le-Ha rmon i c,

Pos i t i v e D i rect i on of .)
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Potent ial , Di fference of, M ethods of

M easur ing —M ethods employed for de
termining d ifferences of potential .

These methods are as follow s
By the M ethod of Weigh ing , that i s , by

obta ining the weight requ ired to overcome the
a ttraction be tween two oppositely charged plates ,
or oppositely energized coils ; or by measuring
the repulsion betw een similarly charged surfaces ,
or s imilarly energized coils .

By the Use of E lectrometer s , or apparatus
d esigned for measur ing differences of potentia l .

(See E lectr ometer s . )

By the Use of Ga lv anometer s .

Di derences of poten tia l , in the case of currents,
may be determined from the quant ity of electri

c ity which flows per second through a g iven
c ircuit, tha t i s, by the number of amperes , jus t
a s the pressure of wa ter at any po in t in the s ide
of a con ta in ing vessel can be determined by the
quanti ty of w a ter tha t flow s per second; D iffer
ence of potential in the case of curren ts, there
fore

,
may be measured by any ga lvanometer

which measures the curren t directly in amperes ,
provided the resistance of the c ircu it is known .

—Aterm some

(See
Potent ia l , Drop of

t imes used ins tead of fal l of potent ia l .
Potent i a l , Fa l l of .)

Potenti al , El ectr i c —T he power of

doing elec tric work.

Elec tric level .

Electr ic poten tia l can be bes t understood by
comparison w ith the case of a l iquid such .a s

wa ter .

T he abil ity of a w ater supply or source to do

work depends
O n the quan ti ty of w ater .

O n the level of thew a ter , as compared w ith
some other level ; or , in other words , on the dif

f eren ce hetween the tw o lev el s .

In a l ike manner the ability of electrici ty to do
work depends :

( I . ) O n the quan tity of electric ity .

(21) O n the electr ic poten tia l a t the place where
the electric ity i s produced , as compared w ith tha t
at some other pla ce ; or , in other words, on the

In the ca se of w a ter flow ing through a pipe
,

w hen i ts flow has been fully established
,
the quan

tity which passes in a given time is the same a t

any cross-section of the pipe .

(Pot.

In the case of electricity , the quan tity of elec
tr icity flow ing through any conductor , or part of
a circu i t

,
i s the same at any cross section .

'

Agal
vanometer in troduced in to a break in an y part of
the conductor wou ld show the same strength of

current.
B ut, though the quan ti ty of water which passes

i s the same a t any cross-section of a pipe , the
p res sur eper squa r e i nch i s not the same , even in

the case of a horizonta l pipe of the same diameter
throughou t, but becomes less, or suffers a loss of
head

, or dif er ence of pressur e, a t any two poin ts
a long the pipe . This difference of pressure causes
theflow of water between these two poin ts aga inst
the r es i s tance of thep ipe.

So, too, in the case of a conductor carrying an
electr ic curren t, when the ful l current strength
has been established , the quan tity of electr ic i ty
tha t passes i s the same at a l l cross-secti ons .

T he electric pressure or poten tial , however ,
i s by no mean s the same at al l poin ts in the

conductor , but suffers a loss of electr ic head or

l evel , in the direction in which the elec tr ici ty i s
flow ing . It i s this electr ic head or level , or dif
ference of electr ic poten tia l , tha t causes the elec
trici ty to flow aga inst the resistance of the con
ductor .

These ana log ies can be best shown by the fol
low ing i llustra tion
In Fig . 449, a reservoir , or source of wa tar , at

C , commun ica tes w i th the hor izon ta l pipe AB ,

furn ished w i th open vertica l tubes a t a , b , c , d , e ,
f, g, and B . If the outlet a t B , i s c losed , the level
of the w a ter in the commun icating vessels i s the
same as a t the source ; but i f the l iqu id escape
freely from B

, the level of the w a ter in the branch
pipes w il l be foun d on the inc l ined dotted line, or
a t a

'

,
b

'

, c
'

. d
'

, e
'

,
f
'

, g
'

, which may be called
the hy dr au l ic gr adien t .

T he pressure per square inch , at any cross sec

tion of the horizon ta l pipe, which i s measured by
the height of the l iqu id in the ver tica l pipe a t that
poin t, decr ea ses in the di r ect ion in whi ch the l iquid
i s flow ing . T he force that urges the liquid
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t hrough the pipe between any two poin ts , may
be called the l i qui d-motivef or ce (Fleming ) and is
measured by the d iff erence of pres sure between
t hese poin ts .

In Fig . 450, the dynamo-electric machine at D ,

h as i ts nega tive pole grounded , and i ts positive
pole connected to a long lead, AB , the posi tive

p ole of which i s a lso grounded. Af a l l of poten
t i a l , represen ted by the incl ined dotted line,
o ccurs be tween Aand B ,

in the direction in whi ch

the electr i ci ty i sflow ing .

T he dynamo-electric machine may be regarded
a s a pump that is raising the electr icity from a

l ower to a higher level , and passing i t through
the leadAB . T he electr icpressur e or poten tia l

p roducing theflow i s greatest near the dynamo and
l east at the fur ther end , the differences at the

points a
,
b , c , d , e , f, and g, be ing represen ted by

the vertical l ines a a '

, b b
'

, c c
'

, d d
'

, e e
'

, H
"

, and

g g
'

T he elec tr icity flow s between any two poin ts as
a and b, in the conductor AB , in virtue o f the

d ifference of electr ic pressure or potentia l be
tw een these two parts , or the difference between
a a

’

and b b '

.

D ifferences of poten tial must be distingu ished
from differences in electr ic charge, or el ectros ta ti c
dens i ty . If two conductors at differen t poten tials
a re connected by a conductor , a curren t w ill flow
through this conductor . When their poten tia l i s
the same, no cur rent flows . T he densi ty of a

charge i s the quantity of electricity per un i t of
area .

T he e lectric potentia l is the same at a l l poin ts
o f an insulated charged conductor ; the den sity i s
differen t a t differen t poin ts, except in the case of

a sphere . T he poten tia l , how ever , i s the same,
s ince no curren t flows, or the charge does not re
distribute itsel f. T he dens ity ou an insul a ted ,
isolated sphere , is un iform over all parts of the

sur face, and i ts potentia l is the same at al l points .

'

I t
'

now the sphere be approached to another body ,
i ts den si ty w ill vary at different parts of i ts sur .

lPot.

face , and while the charge is redis tributing i tse l f
so a s to produce these differences in dens ity the
potentia l w ill vary . As soon , however, as this
redistr ibution i s effected and no further curren t
exists , the potentia l is the same over al l poin ts ,
though the density d iffers a t differen t poin ts .

An elec tri c source not on ly produces but also
ma in ta ins a difference of poten tial . In the case

of the flow of
' l iquid in a pipe

,
i f a con tinuous

current of the liquid be ma in ta ined from the

higher level in the reservoir to a lower level, as,
for example, by mean s of a pump , i t must flow
through the pump to the reservo ir, fr om the lower
level tow ards the higher level . In case of an

e lectric source
, since the thing ca lled electric i ty

flow s through a c losed c ircu i t, i f i ts direction of

flow in tha t pa rt of the c ircu i t extern L1 to the

source—i . e. ,
in the externa l or useful curren t

be from a higher to a lower level
,
then i ts flow

through the rema inder of the c ircuit—i . e . ,

through the source—must be from the lower to the
higher level . Since, however , the e lectr ica l po
tentia l of a body represents the work the elec
t rici ty is capable of doing, the work done by the
e lectric ity may be regarded as being tha t done
when i t passes from the higher to the lower leve l .

Potent ial , E l ectrostatic —T he
power of doing w ork possessed by a uni t

quan t ity of pos it ive electricity charged or re

s id ing on an insulated body.

Potent ial , El ectrostat ic, Di fference of
’

Diff erence of potent ial of an e lectric
charge . (See Potent i a l , D ifi

'

er ence of .

Electr osta t i cs .)

Potent ial Energy .
—(See Energy , Poten

t i a l .)

Potent ial , Fal l of A decrease of

potent ial in the d irect ion in which an elec

tric current is flow ing , proport ional to the re

s istance when the current is cons tant. (See
Potent i a l , Electr i c.)

Poten t ial Gal vanometer .
-(See Ga lv a

nometer , Potent i a l .)

Potent ial Indicator .
—(See I ndi ca tor ,

Poten t i a l .)
Potent ial , M agnet ic —T he amoun t

of w ork required to bring up a uni t north
seeking magnetic pole from an infin ite d is
tance to a given poin t in a magnetic field .
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Potent ial of Conductor , M ethods of

Vary i ng —(See Conductor , Potent i a l
of , Met/zoa

'

s of Va ry i ng .)

P otential of Conductors—(See Condue

tor , Potent i a l of .)

Potenti al , Negative.

—Tha t poten tia l
in the c ircu it externa l to the source towards
which the elec tri c curren t flow s .

Generally the lower poten tial , or lower

level .

Potential , Posi ti ve —Tha t poten t ia l
in the circui t externa l to the source, from
w hich the elec tric curren t flow s .

T he higher poten tia l or h igher level.

Potent ial , Un i form

tha t does not vary .

Acons tant potential . (SeePotent i a l , Con
sta n t .)
An elec tr ic source i s sa id to genera te a un iform

poten tia l w hen i t ma in tains a constan t difference
of poten tia l a t i ts termina ls .

Potenti al , Un i t Di fference of

Such a difference of potentia l between two

poin ts tha t requires the expend iture of one

erg of work to bring a un it of posi t ive elec

tric ity from one of these poin ts to the other,
aga ins t the electric force. (See Erg .)

The practica l un it of difference of poten tia l i s
the vol t. (See Vol t . )

Potential , Zero —An arbitrary level
from which electric poten t ia ls are measured.

—A poten tia l

As w e measure the heights of moun ta ins from
the arbitrary mean level of the sea

,
so w e measure

e lec tric levels from the arbitrary level of the po
tential of the earth .

Poten t ionteter.
—Ah appara tus for the

galvanometric measurement of elec tromot ive
forces , or d ifferences of poten t ia l , by a zero
method . (See M et/tad , Nul l or Zer o.)
In the potentiometer the difference of poten tia l

to be measured i s balanced or Opposed by a

known difference of poten tia l , and the equa l ity
of the ba lance is determined by the fa ilure of one

or more ga lvanometers , placed in shun t c ircu i ts ,
to show any movemen t of their needles .

T he pr inciple of opera tion of thepoten tiometer
w il l be understood from an inspection of Fig. 45 I
A secondary battery 5 , has its terminals con

[Pom

nected to the ends of a uni form w ireAB , of high
resistance cal led the poten t iometer w ire. There
wil l , therefore, occur a regular drop or fa ll of po
tential a long this w ire, which , s ince the w ire is
un iform, w il l be equa l per un i t of length . This
drop of poten tia l can be shown by connecting the
terminals of a delica te ga lvanometer , generally of
high resistance, to different parts of the w i re,
when the deflec ti on of the needle w il l be pr Opor f

tional to the drop of potentia l between the two

poin ts of the w ire touched . If
, now, the terminals

of a s tanda r d cel l be inserted in the c ircu i t of"

the ga lvanometer , so as to oppose the curren t

taken from the poten tiometer w ire , and the con

tacts of the poten tiometer w ire be s l id a long the :

w ire until no deflection of the galvanometer needle
i s produced

, the drop of poten tia l between these;
two poin ts on the w ire w ill be equa l to the d iff er r

ence of poten tia l of the standard cell . (See Cel l ,
Vol ta i c

, Standa rd. )
Suppose, now,

i t be desired tomeasure the dif
ference of potentia l between two points a and b,
on the w ire C , through which a current i s flow
ing . Connect the poin ts b and d , and a and c ,

as shown ,
w ith the delicate high resistance ga l

vanometer G , in e ither of them. Now s lide c ,

towards (1, until the needle of G , shows no defl ec
tion . T he potentia l between a and b

,
i s then .

equal to tha t between c and d .

Poten t i ometer Wi re—(See Wi r e, Pow

ten t i o/neter .)

Power .
—Rate of doing work.

M echan ica l power i s genera lly mea sured in

horse power , w hich is equa l to work done at the
rate of 5 50 foot-pounds per second .

T he C . G . S. un i t of power i s one erg per

second .

T he practica l un i t of pow er i s the watt, or
'

ergs per second . T he kilowa tt i s
even more frequen tly u sed a s the un i t of power
than the wa tt. (See Power , Un i t of . )

Power , Absorpti ve —T he property
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i ts conducting power for hea t was greatly in
c reased .

Kohlraus ch es tima tes the conducting pow er of

d istilled w a ter at .000000000025 , tha t of mer .

cury being taken as un i ty .

T he best conductors of elec tricity are the best
conductor s of hea t.
This fact i s wel l illustrated by the follow ing

table fromAyr ton

RELAT IVE C ONDUCT IVIT IES PER CUB IC UNIT .

Name of M etal.
Silver , annea led
Copper ,
Gold,
Pla tinum

T in

Lead
B ismuth

T he electri c conductivity of porous conductors
d ecreases much more rapidly than the hea t con
ductiv ity .

Practically perfect insula tors for electricity can
be obta ined , but are unknown for hea t .
Edlund believes the universa l ether to be ai

most a perfect conductor . He bases this be l ief
on the phenomena of sun spots , the occurrence of

which i s a lmost immediately fol lowed by the

occurrence of magnetic disturbances on the

earth .

Lodge rega rds the lumin iferous ether as be ing
a lmost a perfect non -conductor , because he th inks
tha t conductors must be opaque. It may be sug

gested i n this connection tha t Edlund’s hypothesis
a s to the conduc tibility ofmagnetic effects through
the e .her i s also capable of an explana tion by the
e ffects of magnetic induction .

T he conducting power for alternating currents
i s not the same as for steady curren ts . When
the a lternations become very high , the difference
between these conducting powers of the meta ls
becomes a lmost inappreciable.

Iron is an enormously worse conductor of

e lectric ity than copper for rapidly a l ternating
currents , at least when the a lternations are not

too great. When , however , the a lterna tions are
e xtremely high , such a s thosewhich are produced
by the discha rge of a Leyden jar or . l i gh tn ing
flash , the iron i s as good a conductor a s the cop

per . T he rea son for this is eviden t . T he d is

charge in such cases keeps to the extreme outer

[Pom

layer of the conductor , so tha t the composi tion of

the substance i s practica lly of no effec t.
Hughes has shown tha t the resis tance of an iron

telephone line of the usual diameter, to periodic
curren ts of about 100 per second , i s somewhat
more than three times its resistance for steady
curren ts .

There is no such thing as conduction of elec
trici ty in ga ses . Electric itymakes i ts way through
a gas by a sudden piercing of the dielectri c , or, in
other words, by a disruptive discharge. (See

D i scna rge, D i s ruptive. ) In such a disruptive
discharge i t may be assumed tha t the gas be
comes a conductor of electric ity w hile the dis

charge i s passing . It would then partake of the

nature of an electrolytic condu ctor
, s ince the d is

charge takes place by means of a true locomotion
of atoms. (See Conduction , El ectroly tic. )

Power , Conducting , for Heat —T he
ab il ity of a subs tance to transmit hea t through
its mass .

T he metals are good conductors of hea t. They
are a lso good conduc tors of electr ic ity . T he

conducting pow ers for hea t and elec tric ity are

nearly iden tica l . As the tempera ture of a body
increases , i ts conduc ting pow er for hea t is de
c reased . Carbon forms an exception to this
statemen t .
Tbeflow of lzea t a cross a w a l l f ormed of a

ltotnogeneous ma ter ia l , the exposed faces of w hich
are of equa l extent and a re ma in ta ined a t a con

s tan t difference of tempera ture , takes place i n

accordance w ith the fol low ing laws :

T he rate of flow across all perpendicular
sec tions i s the same.

A un iform drop of tempera ture occurs

from one s ide of the w a ll to the other in the dirce
tion in wh ich the flow is taking place .

T he rate of flow i s propor tional to the di f
ference in tempera ture.

T he s imilar ity betw een the laws of the fl ow of

heat under the c ircumstances just named and the

flow of elec tr ic ity through a conduc tor is evident ;
the electrica l curren t be ing the same in a ll par ts
of the c ircuit, a drop of poten tia l occurring in
the direction in which the current i s moving ,

and the flow be ing propor tiona l to the di fference
of poten tia l .

o

Power , Conduct ing , Tabl es of

Tables in w hich the rela tive conducting



powers of different subs tances are given. (See

Res i stance, Tables of .)
Power , El ectr ic —Power developed

by means of e lectricity.

Power , El ectr ic, Di str i bution of

T he d is tribut ion of electric pow er by means

o f any suitab le sys tem of genera tors . connec t
. ing circuits and electric motors .

Power , El ectr ic T ransmi ssion of

T he transmission of mechanical energy by
c onvert ing it into electric energy at one poin t
or end of a l ine, and reconvert ing it in to
mechan ical energy at some other poin t on the
l ine. (See Energy , E lectr i c, Tr ansmi ss i on

Power , Horse —Ara te of doing work
e qual to 5 50 foot-pounds per s econd, or 33 ,

000 foot-pounds per minute.

I horse-power=745 .94 x 107 ergs per second .

(See E rg . )
watts. (See Wa tt . )
lb . Fahr . hea t un i ts

per min . (See Un i ts ,

lb . Cen t . hea t un its per
min . (See Un i ts , Hea t . )

Power , Horse, El ectri c —Such a

r ate of doing electric work as is equal to

746 wa tts or 746 volt-coulombs per second .

This ra te i s equiva lent to foo t-pounds

p er minute, or 550 foo t-pounds per second .

Just as I pound of w a ter ra ised through the
v ertica l distance of 1 foot requ ires the ex pendi

ture of a foot-poun d of energy , so I coulomb of

e lectr icity acting through the difference of poten
tia l of I vol t requ ires a certa in amount of work
to be done on i t . (See Coulomb. Vol t . Po

This amoun t i s called a volt-coulomb or joule ,
and measured in foot-pounds i s equa l to .737324

foot-pounds . T he volt coulomb, or joule , i s there
fore the un it of electr ic work , just as the foo t
pound i s the uni t of mechan ical work .

T he elec tr ic work of any c ircu i t in joules i s
equa l to the product of the vol ts by the cou lombs .

If w e determ ine the rate per second at which
the coulomb ; pass , and mul tiply this product by
the volts , we have a quantity which represen ts the
e lectr ica l power

,
or ra te of do ing elec tr ica l work .

But I ampere
'

i s equal to I coulomb per second ;
therefore, if w e multiply the curren t in am

peres by the difference of poten tia l in vol ts , the
produc t is equa l to the electri cal power or ra te of

doing electrica l work.

T he product of an ampere by a vol t is cal led
a volto ampere, or a w att .
O ne watt 0013406 horse-power , or
O ne horse-power wa tts .

E
T herefore the elec tr ica l horse-power

C
_ ,

746

where C the current in amperes and E the

d ifference of potenti a l in vol ts .

Power , M ul t ipl ying, of Shunt

(See S/zunt , Mul t ip ly i ng Power of .)

Power of Per iodic Current—(See Cur

rent , Per iod i c, Power of .)

Power , Portat i ve —T he carrying
power of a magnet . (See M ag net , Por ta

t iv e Pow er of .)

Power , Project ing , of M ag net -T he

power a magn et possesses of throwing or pro

jecting its l ines of magnet ic force acros s an

i ntervening a ir space or gap.

T he greater the air space the greater the mag

netic reluctance , and consequen tly the grea ter the
magneti zing force requ ired to overcome i t. M ag

nets of grea t projecting power are genera lly of

grea t length, to accommodate the long coi ls of

w ire requ ired .

Power , Resusc i tating , of Secondary B at
tery Cel l T he power possessed by an
apparently comp letely discharged secondary
or s torage cel l of furn ish ing addit iona l curren t
a fter a protrac ted res t .
This resusci ta ting power is probably due to

depolariza tion . It i s therefore present in primary
a s wel l as in secondary batter ies .

Power , Stray —T ha t part of the

power emp loyed in driving a dynamo, w h ich
i s los t through frict ion , a ir churn ing or a ir

curren ts , eddy currents , hys teresis, etc.

Power , Thermo-El ectr ic A num

ber which , when mult ipl ied by the d iff erence
o f tempera ture of a t hermo-elec tric coup le,
w il l give the d ifference of potent ia l t hereby

genera ted in micro-volts . (See D i ag r am,

T Itermo-Electr i c .)



Power , Un i ts of
—Various units em

The fol low ing table of uni ts of power is taken

fromHering
’
s work on dynamo-e lectr icmach ines .

Un i t of Power .

.oooooorwa tt.

l foot-pound per

0 0 0 0 0 0 0

6 . I 1 622 kilogram metres

per min .

05730481b .
-Fah . , heat un it

per min .

3 18360 lb .
-Cen t . , hea tun i t

per m in .

.0144402 klgr .
-Cent. hea t

un it per min .

.0013592 metr ic horse
power.

.0013406 horse -power .

226043 ergs per second.

0226043 w a tt .
1 3825 kilogram-metre per
min .

00003072 metri c horse
pow er .

.000030303 horse-power .

1635000 ergs per second .

. 1 63500 wa tt .
foot-pounds per

mm.

0002222 metr ic horse
power .

0002192 horse-power.

735 75 X 107 ergs

second .

w a tts .

32 foot-pounds

4500 kilogram-metres per

I horse' power . o 0 c

[Pri .

1 metri c h .
-p . , etc.

lb .
-Fah . , hea t uni ts

per min .

1h .
-Cen t. , hea t units

per min .

kl g .
-Cen t . , heat .

un its per min .

.98634 horse-power hea t
un its per min .

x 107 ergs per

second .

w atts .

33000 footp ounds permin .

kilogram metres

per min .

lb.
-Fah . , hea t uni ts

per min .

1h .
-Cen t . , hea t uni ts

per min .

klg . Cen t . , hea t
un its per min .

metric horse
power .

X 107 ergs per sec.

w a tts .

.237 18metric horse-power .

.023394 horse-power .

x 107 ergs per sec .

w a tts .

.04269metric horse-power .

.042109horse-power .

x 107 ergs per sec .

w a tts .

.094 12metric horse-power .

.09283 5 horse-power .

Poynting
’
s Lam—(See Law , Poy nt i ng

’

s .)

Pract ical Un i t of I nduc tance, or Sel f

Induct ion .
—(See Inducta nce, or Self -Induc

t i on , Pra ct i ca l Un i t of .)

Practical Un i t of M agneto-M ot i veForce.

—(See Force, M ag net o
-M ot ioe, Pract i ca l

Un i t of .)
Practi cal Un i ts—(See Un i ts , Pr a ct i ca l .)

Pressel . —Apres s sw i tch or push connected
to the end of a flexib le , pendan t conductor.

PressureWi res—(See Wi res , Pr essure.)

Pr imary B attery.—(See B a ttery , Pr i nz
a ry .)
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are in order to st0p the direct l ight from the are

whi ch would have divergen t rays. T he door C ,

is formed of a number of cylindrica l lenses , placed
para llel to one another , which cause th e rays to
diverge hori zon tally , when so des ired .

Prony B rake—(See B r ake, Prony .)

Proporti onal Coi l s Coi ls , Pr opor

t iona l .)

Proport ionate Arms. (See Arms , Pr o

por t i ona te.)

Proport ionate Arms of El ectr ic B ri dge.
—(See Arms , Propor t i ona te.)

Prostration , El ectr ic —Phys iologica l

exhaus t ion or pros tra t ion , resemb l ing tha t
produced by suns troke, resul ting from pro

longed exposure to the rad ia tion of anumusu
al ly large vol ta ic a rc . (See Sunstroke,

Electr i c.)

Protect ion , El ectr i c, of Houses, Sh i ps

and B ui l dings General l y —M eans for

protection agains t the des truc tive effects of a
l ightn ing discharge, consis ting essen tial ly in
the use of l ightning rods . (See Rod , n lzt

Protect ion , El ectr ic, of M etal s

(See M eta ls , Electr i ca l Protect i on of .)

Protecti ve Sheath—(See Sbea tlz, Pro

tect i ve.)

Protector , Cabl e —A device for the
safe d ischarge of the s ta tic charge produced
on the meta l l ic shea th ing of a cable, or on

conductors surrounding or adjacen t to the

cable, consequen t on changes in the electro
motive force appl ied to the conduct ing core of
such cable.

The cable protector is provided for the purpose
of preven ting the discharge of the charge from
pier cing and thus injur ing the in sulation of the

cable i tself.

Protector , Comb —A term some

times app l ied to a l ightn ing protec tor or ar

res ter, in wh ich both the l ine and groun d
pla tes are furn ished w i th a series of teeth ,
l ike those on a comb . (SeeAr r ester , L ig

-nt

n i ng .)

[PuL

Protector , Vol ta ic B attery —Ade
vice for automa tica l ly disconnect ing a vol taic
ba ttery, whenever the c ircui t in wh ich

.

it is

placed becomes grounded .

The ba ttery protector is used in systems of elec
tr ic gas l ighting, where, unl ess grea t care is ex er
ci sed in insula ting the ci rcui ts , considerable annoy
ance is often exper ienced from the readin ess w ith
which grounds are establ ished . This ar ises from
the high electromotive force of the spark ob .

fa ined from the spark coil , piercing the insula
tion and es tablishing a ground through the gas
pipes .

Protopl asm, Effects of El ectr ic Currents
on —Contractions observed in a ll pro

t0plasm on the passage of an elec tric current
through it .
Protoplasm

, the basis of plan t and anima l li fe,
or the jelly-l ike ma tter tha t fi lls all organ ic cells,
whatever may be the origin of such cel ls , suffers
con tracti on when traversed by an elec tr ic cur

ren t .
An increased activi ty in the movements of a

form of microsc0pic l ife cal led the amoeba is occa

s ioned by sl ight shocks from an induction coi l
stronger discharges produce tetan ic con tractions,
w i th, in some cases, expulsion of food or even of

the nucleus . Aun i form strength of curren t pro
duces contraction and imperfec t tetanus .

Pu11.—Acon tac t maker, s imilar in general
cons truc tion to a push but ton , but operated .

by means of a pulling ra ther th an a pushing
force.

The pull is preferable to the push in exposed
pos itions , such as outer doors , where moisture is
apt to injure pushes .

Pul l , Chai n -A chain pendan t at
tached to a pendan t burner for the move
men t of the w ipe-Spark spring and the

ra tchet in an elec trically l ighted gas burner.

Pul l , Door B el l , E lectr i c —A cir

cu it-c los ing device a t tached to a bel l pull and
opera ted by the ord inary mot ion of the pul l .

Pul l , El ectr i c B el l —Ac ircui t-clos
ing dev ice Opera ted by a pul l .
Fig . 453 shows a form of electric bell pul l . O n

pu lling the be ll handle , contac t springs , that
res t on a ring of in sula ting materia l when the



Pul .]

pull is in i ts normal pos i tion , are brought in to con
tact with a metal ring, thus completing the cir

cuit. The be ll pul l is often used to repla ce the
ordinary push button .

Pul l ey,Dr i ven —Apulley a ttached
to the driven shaft . (See M ov er , Pr ime.)

—Apulley a ttached

(See M over , Pr ime.)

Pul l ey, Dr i vi ng
to the driv ing shaft .

Pul sating
' Curren t—(See Cur rent , Pul

sa t i ng .)

Pul sation .
—A quanti ty of the na ture of

an angular veloc ity , equa l to 2 n mul tipl ied
by the frequency of the osc illation , or , equal
to 2 7: d iv ided by the dura tion of a s ingle

period .

Pul satory Current—(See Cur r en t , Pul

Pul satory M agneti c Fi el d—(See F i eld ,

M ag net i c, Pulsa tory .)

Pulse, El ectr ical -An electric oscil

lation .

Amomentary flow of elec tricity from a

conductor, w h ich gradua l ly varies from the

zero value to the max imum, and then to the
zero va lue aga in , l ike a pulse or vibra tion in
an elas tic medium.

Elec tr ic pu lses are set up in conductors con
nected w i th the coa ti ngs of a Leyden jar , on the
discharge of the same . Such pulses produce a

series of electr ica l osc illati ons , w hich move a l ter
na tely backwards and forwards , un til the dis
charge i s gradua lly dissipa ted . (See O sci l la tions ,
E lectr ic. )
T he c ircumstances influencing the ra te of

propagation of an electr ic pulse through d ifl
'

eren t

par ts of a closed circui t, according toLodge, are

[Pum.

T he extra inertia , or the so-ca lled magnetic
susceptibil ity in the conducting subs tance, es

pecial ly at i ts outer par ts.
0

An undue constr iction or throttl ing of the

medium through which the disturbance i s pass
i ng.

T he nature of the in sulating medium.

Pump , Ai r , Gei ssl er M ercur ial
Amercurial a ir pump , in wh ich the vacuum
i s a tta ined by the a id of a

'

l
‘

orricel l ian vacuum .

a
tIn the Gei ss ler M er cury Pump , Fig . 454 ,

vacuum is obta ined by means of the Torricellian
vacuum produced in
a large glass bulb tha t
forms the upper ex

tremity of a ba r ame

tr i c column . T he

lower end of this tube
or column is con

nected w ith a reser

voir of mercury by
means of a flexible
rubber tube . T o fi ll

the bulb w i th mer

cury the reservoir i s
raised above i ts level ,
i . e. , above thirty
inches , the air i t con
tains being a llowed to
escape through an

open ing governed by
a stopcock . T he ves

sel to be exhausted is
connected w ith the

bu lb
,

and by means
of a two -way ex ha us

tion cock , commun i Fig . Gei s sler ’s M er

cation can be made ca r te l / i i ” Pam! "

w i th the bulb, when i t con ta ins a Torr icellian
vacuum, and shut off from it while its air is be ing
expel led .

In actua l practice the mercury is mechan ica lly
pumped in to the barometr ic column , and the

va lves are Opened e ither by hand , or automa ti

cally by electr ica l means.

Pump,Ai r, M echan ical —Amechan
ica l device for exhaus t ing or removing the a ir
from any vessel .
An excellent form of air pump is shown in Fig .

455 , which i s a draw ing of B ianchi’s pump .

Three valves
,
all opening upwards, are placed



Pum.]

a t the top and bottom of the cylinder, and in the
pis ton , respectively . These va lves are mechan
i cal ly opened and closed a t the proper momen t

by the movemen ts of the piston , i . e. , their act ion
i s a utoma t ic. Thi s enables a much higher vacuum
to be

_

obtai ned than when the va lves open and

c lose by the ten sion of the a ir .

M echan ica l pumps are unable to readily pro
duce the high vacua employed in most electr ic
lamps . M ercury pumps
are employed for this
purpose. (See Pump ,
Ai r , M er cur i a l . )

Pumm Ai r , M er

cur i al —A de

v ice for obtai n ing a

high vacuum by the

use of mercury .

M ercury pumps are

in genera l of two types
of cons truction , viz

( I .) T he G e i s s l e r
pump .

T he Sprengel pump . (See Pump ,
Air ,

Gei ss ler M er cur ia l . Pump , Air , Sprengel
’
s

M ercur i a l . )

Fig . 4 5 5 . B a r rel of
B ia nc/i i

’
s Ai r Pump .

Pump, Air , Sprengel
’
s M ercur ial

Amercurial a ir pump in w hich the vacuum
i s obta ined by

means of the fal l
of a s tream of mer

cury.

In the Sprengel
mercury pump , Fig .

456, the fal l of a mer
cury stream causes

the ex haus tion of a

r eservoir connected
w ith the ver tica l
tube , by the mechan
ica l ac tion of the

mercury in en tang
l ing bubbles of a ir .

These bubbles are

largest at the beg in
n ing of the ex haus

tion
,
but become

smaller and sma ller
near the end

,
un til ,

a t last, the characteristic metall ic c li ck of mer

cury or other l iquid fa lling in a good vacuum

cu r z
'

a l Ai r Pump.

i s heard . T he exhaus tion may be considered as

completed when the bubbles en tire ly disappear
from the column .

The Sprengel pump produces a better vacuum
than the Geissler pump

,
but i s slower in i ts

action .

In actua l prac tice , the mercury tha t has fa llen
through the tube i s again ra ised to the reservoir
connected to the drop tube by the acti on of a

mechan ica l pump .

Pumping of El ectri c Lights—A term
sometimes app l ied to a pulsa ting or period
ica l increase and decrease in the bri l liancy of
the l ight .

Th is acti on i s genera lly due to the per iodic sl ip .

ping of.»the bel t or other driving mechan ism . In

the case of arc lamps it may al so be caused by the
improper ac tion of the feeding device of the

lamp .

Puncture, El ectro —T he app l ica t ion
of electrolysis to the trea tmen t of aneurisms

or diseased growths .

T he blood is decomposed by the introduction
of a fine platinum needle connected w i th the

anode of a battery , and insul a ted. except nea r its
poin t, by a covering of vulcan ite .

T he ka thode i s a sponge-coveredmetal lic plate.

—Aterm some

(See

Puncture, Gal vano
t imes appl ied to electro-punc ture.

Punctur e, Electr a.)

Punn i ng of Tel egraph Pol e
—(See Pole,

Telegr apni c , Punn i ngr of .)

Push—A name sometimes app lied to a

push button , or to a floor push . (See
‘

Pus/z,

Floor . B utton , Pus/z.)

Push B utton .
—(See B utton , Pus/t .)

Push-Button Rattl er . (See Ra ttler ,

Pu l l -B utton .)

Push , Fl oor —Apush button placed
on the floor of a room so as to be read i ly
opera ted by means of the foot . (See B ut

ton , Pus/z.)

Pyknometer .
—A term sometimes used

for the spec ific grav i ty bottle employed in

determin ing the specific gravity of
'

a l iquid.

Pyrhel iometer.
—An apparatus for mea

suring the energy of the solar radia t ion .
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Qua.] 430

Quanti ty Armature. (See Arma ture,
Qua n t i ty .)
Quanti ty , Connection of B attery for
—(See B a ttery , Connect i on of , f or

Qua nt i ty .)
Quanti ty Efiieiency of Storage B attery.

—(See Efi cz
’

ency , Quanti ty , of Storag e B a t

Quanti ty , Un i t of El ectri c A
definite amoun t or quan tity of electricity
cal led the coulomb. (See Coulomb.)
Although the exact na ture of electr ici ty is un

known , y et , like a fluid (a liqu id or gas ), electricity
can be accura tely measured as to quanti ty .

B .
—Acon traction used for ohmic resist

ance .

p .
—Acontract ion used for specific res ist

ance.

Radial Armature. (See Arma ture,
Ra di a l .)
Radi al l y Laminated Armature Core.

(See Cor e, Arma tur e, Radi a l ly
-Lami na ted.)

Radiant Energ y .
—(SeeEnergy , Radi a nt .)

Radi ant M atter.
—(See M a tter , Radi ant ,

or Ul tr a-Ga seous .)

Radiate .
—T o transfer energy by means of

waves .

Rad iating .
—T ransferring energy bymeans

of waves .

Radi at ion .
—T ransference of energy by

means of waves .

When an elas tic body is set in to vibra tion ,

whether i t be the vibra tions that produce l ight,
hea t or elec tric ity , energy is charged on the

body , and the body w il l then continue to vibra te
un til i t imparts to some medium surroun ding i t
an amoun t of energy exactly equa l to tha t orig
inal ly imparted to itself.
In the case of a sonorous body the energy is

transferred from the vibra ting body to the a ir

around it . For example, in the case of an elastic
metall ic w ire set in to vibration

, the w ire w ill con
tinue to vibrate un til i t does as much work on

the surrounding a ir as was or iginally done on i t ,
in order to set i t into vibration.

[B ath

Acurrent of I ampere, for example, is a

curren t in which one coulomb of elec tr ic i ty passes
in every second.

A condenser of the capaci ty of 1 farad, is
large enough to hold I coulomb of electr icity
if forced in to the condenser under anelectro-r
motive force of I volt. (See Capaci ty , E lectro

s ta t ic. Farad. Vol t . Amper e. )

Quiet Arc .
—(SeeArc, Qu i et .)

Quiet Di scharge—(See D i sc/l a rg e, Si

lent .)

Quick ing Sol ution . (See Soluti on ,

Qui cki ng .)

In the case of a heated body the energy is :

transferred from the body to the luminiferous
ether a round it. For example , in the case of the
same w ire hea ted above the temperature of the

a ir
,
the energy imparted to the molecules of the

meta l by the source of hea t causes them to

move towards and from one another. These '

to and-fro mo tion s of the molecules cause the

surrounding ether to be set in to waves , and as

much energy i s imparted to the ether, as was

or iginally imparted to the w ire in order to heat it .
In the ca se of a luminous body the energy is

transferred from the body to the lumin iferous
ether . For example, i f the w ire is heated to
luminos ity by a certa in amoun t of energy im
parted to it, the surrounding ether is now set .

into waves of both light and hea t, which d ifi
'

er
'

from one another on ly in their wave length , and .

the luminous body w il l con tinue to radia te light .

and hea t un t il i t imparts to the surrounding
ether an amoun t of energy exactly equal to that:
original ly impar ted to i t.
So, too, in the case of a body charged w ith .

e lectr ic ity . If disruptively discharged , the im

pulsive rush of electric i ty , so produced, causes the
energy charged on i t to be radia ted as electro
magnetic waves in to the surrounding ether . T he

discharging body is , to al l in ten ts and purposes , in‘

the same condition a s the vibra ting elastic w ire,
and dissipa tes or radia tes i ts energy in much the
same manner .

Radiation , El ectro-M agnetic
T he sending out in a ll d irections from a con '
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ductor, throughwhich an oscil la ting discharge
is pas s ing , of elec tro-magnetic waves in all

respects s imilar to those of l igh t except tha t
they are of much grea ter length . (See Elec

tri ci ty , Her tz
’

s Tlzeory of Electr a-M ag net i c

Radi a tions or Wa ves .)

Radi at ion of El ectr ic i ty.
—(See E lectr i

ci ty , Ra di a t ion of .)
Radi ation of Li nes of Force—(SeeFor ce,

L i nes of , Rad i a t ion of .)

Radical , Compound —A group of

unsa tura ted a toms .

Agroup of elemen tary a toms , some of the

bonds of wh ich a re Open , or not connec ted
or joined w ith the bonds of other a toms .

(SeeAtomi c i ty .)
For example, hydroxyl , H0, i s a compound

radical , w ith one of the two bonds of the diad
oxygen a tom, Open or unsa turated .

Radical , Simpl e -An unsatura ted
atom w i th its bond or bonds free .

Asingle unsa turated a tom as d is tinguished
from an unsa tura ted group of a toms .

Radical s—Unsatura ted atoms or groups of
a toms , in w h ich one or more of the bonds are
left Open or free.

Radicals are e ither Simp le or Compound .

T he radical may be regarded as the bas is to
which other elemen ts may be added , or as the

nucleus aroun d which they may be grouped .

Thus H
2
0

,
forms a complete chemica lmolecule,

because the bonds of al l i ts cons ti tuen t atoms are
saturated, thus H O H . B ut H O or

lzy droxy l , is a radica l , because i ts oxygen a tom
possesses one unsa turated or free bond. By

combin ing w ith the radica l (NO 2) , i t forms n itric
aci d , thus H O (N02) or II NO 8.

During electrolysis , the molecules of the el ec

troly te are decomposed in to two groups of s imple
or compound radica ls, called i ons . These ions are
respectively electro-pos it ive and electro -nega tive,
and are ca lled ea t/t ions and a nions . (See Ion s .

E lectr oly s i s . )

Radiometer , Crookes
’ —An appara

tus for show ing the ac t ion of rad iant ma t ter
in producing motion from the effec ts of the

react ion of a s tream of molecules escap ing
from a number of eas ily moved heated sur

faces . (See M a tter , Rad i a nt , or Ultr a

Gaseous .)

Radiometer, El ectr ic, Crookes
A radiometer in wh ich the repuls ion of the

molecules of the res idual atmosphere takes
p lace from elec trified ins tead of from hea ted
surfaces. (SeeRadi ometer ,

Radio-M icrometer , B oys
’ —An elec

trica l appara tus for measuring the intens ity
of radiant heat.

T he action of the radio-micrometer depends on
the deflec tion , by a magnetic field , of a suspended
thermo-electr ic c ircu i t composed of three metal s ,
viz . : two bars of an timony and bismuth , or of

their a l loys, which are so ldered side by s ide to
the end of a minu te disc or s tr ip of copper foil , as
shown in Fig . 457. This di sc or foi l of copper is

provided for the purpose of receiving the radia
tion tha t is to be measured . T he upper ends of
the thermo-couple are soldered to the ends of a
long , narrow , inverted U-shaped piece of copper
w ire , which completes the thermo-electric c ircui t.
T he absorp tion of radiant energy by the cop

per disc connected to the thermo-elec tric couple
produces an electr ic curren t, and the circui t,
being suspended in a magnetic field , i s a t once

deflected to a degree dependen t on the in tens ity
of the radia tion

,
or of the curren t genera ted a t

the thermo-electr ic junc tion .

T he means adopted for the suspension of t h e

system are shown in Figs . 45 7 a nd 458. A
sma l l piece of s tra ight w ire is soldered to the up
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per end of the copper stirrup , which completes
the thermo-electric c ircuit . This w ire i s cemented
to the lower end of a glass tube , the upper end

of which is provided w ith a mirror , and the whole
suspended , as shown , by a

quar tz fibre in the field of a

powerful magnet.
In a radio-micrometer made

byProf. Boys , the minuteness of
the suspended c ircu it may be

judged from the follow ing ac

tua l dimension s , v iz . : Thermo
electric bars , x

3
3
0 x inch

copper circui t of number 36

copper wi re, 1 inch long and

about
1
1
0 inch w ide ; copper

heat-receiving surface , black
ened on the face exposed to the

radia tion , 116 inch in diameter ,
or i x alo inch ; receiver , 116 inch
square, m inch thick ; quartz
fibre 4 inches long, who inch in
diameter.

This instrument, when pro
perly adjusted for extreme sen

s itiveness
, should give clear in

d ica tions when the blackened
sur face i s warmed but the

degree Centigrade . It Ra d z
'

o-M z
'

cr ometer .

w i ll respond to the heat radia ted on the surface
of a ha lf penny from a candle flame at a d is

tance of 1
, 530 feet.

In order to avoid the dis turbance due to the

magnetic qua l i ti es of the an timony and bismuth
bars , the cen tra l porti ons of the metai l ic block ,
in s ide which the system i s suspended , is made
of iron , as shown by the heavier shading in

Fig 457

This mass of iron serves as a magnetic screen

to the thermo-electr ic bars , but permi ts the action
of the field on the circui t.

FIBRE

Radiophone.
—Aname sometimes gi ven to

the photophone. (See Pfiotopfione.)
Radiophony.

—T he production of sound by
a body capable of absorbing radiant energy
w hen an intermitten t beam of l ight or hea t
fal ls on it.

T he action of radiant energy, when absorbed
by ma tter , i s to cause i ts expansion by the conse

quent increase of tempera ture. This occurs even
w hen the body is but momentarily exposed to a

pfione.

[Rat

flash of li ght , but the instan taneous expansion
thus produced immediately dies away , and by
i tself is indistinguishable. If, however , a suffi

c iently rapid success ion of such flashes fa l l on the
body , the instantaneous expansions and con trac

ti ons produce an appreciable musica l note.

T he sounds so produced have been utilized by
Bel l and Ta in ter in the construction of the Pi cto

(See P/zotopfione. )

Rai l road, El ectr i c —Arailroad, or

railway, the cars on w h ich are dri ven or pro

pel led by means of electric motors connec ted
w ith the cars .

T he electric current tha t drives the motor is
derived either from storage batter ies placed on

the cars
,
or from a dynamo-e lectr ic machine , or

battery of dynamo-electricmachines , conven ien tly
s itua ted at some poin t on the road . T he curren t
from the dynamo is led a long the li ne by suitable
electric conductors and i s passed into the e lectr ic
motor as the car runs a long the tracks in var ious
ways , viz
Sys tems for the electric propuls ion of cars may ,

therefore, be divided in to the dependen t sys tem, in

which the driving curren t i s obta ined from condue
tors placed somewhere outside the cars

,
and the

independen t system, where the curren t is der ived
from primary or seconda ry ba tte ries placed on

the cars. (See Ra i lr oa ds , E l ectr i c, D ependen t

Sy s tem of M ot ive Power f or . Ra i l roads , E lectr i c,
I ndependen t Sy s tem of M ot ive Pow er f or . )
In the dependent system, the conductors which

supply the car w i th curren t are placed either
overhead , on the surface of the road-bed or un

derground . Thus arise three divis ions of the

dependen t system
T he Sur face System.

T he Underground System.

T he O verhead Sy s tem.

( I . ) Tlze Surf a ce Sy s tem.
—By placing one or

both ra ils in the c ircui t of the dynamo and taking
the cu rrent from the tracks by means of sl iding
or rolling contacts connected w ith the motor .

Tli e Undergr ound Sy s tem .
—By plac ing the

conducting w ires para llel to each other in a longi .
tudinal ly slotted underground condui t in the road
bed

,
and provided w ith two cen tra l plates , insu

la ted from one another and connected respective ly
to the motor termina ls, and taking the curren t
by means of a traveling brush or roller

, ca l led a

plow , sled or shoe . O n the movemen t of the car
over the track , these travel ing con tacts touch the
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by the display of sui table s ignal s , more than

one tra in or engine from being on the same

block at the same t ime.

There are two kinds of ra ilway block sys tems
in common use , viz

( I . ) Th eAbsolute B l ock Sy s tem.

T he Permi ss iv e B l ock Sy s tem.

In the absolute system, w hich i s the sa fer , one
tra in only is permitted on any par ticula r block a t

a g iven time .

In the permissive block system more than one

trai n i s permi tted , under certa in circums tances
and condition s , to occupy the same block s imu l .

taneously , each tra in then be in g notified of the

fact tha t it is not a lone on the block .

T he absolute block system, though expen sive
to construct and ma inta in , i s the on ly one tha t
should be permitted by l aw to exist on roads whose
traffic exceeds a cer ta in amoun t.
An absolute block system i s employed on the

London Underground Ra ilroad , and on the Penn
sylvan ia Railroad Systems .

T he system in use on the New York D ivision
of the Pennsylvan ia Ra ilroad i s as follows
T he road between Philadelphia and Jersey C ity

is divided into some seven ty sections , the length
of each secti on being dependent on the amoun t of

Fig
“

. 4 62. B IOCk TW O

dai ly traffi c thus , be tw een Jersey C ity and New
ark , where the tra ffic i s grea t, there are some

fi fteen sec tions , a lthough the dis tance is on ly
mi les .

In each block-tower there are connec tions w ith
three separa te and dis tinc t telegraph lines or c i r
cuits , viz . :

Al ine or w ire ca lled the tr a in w i r e, con

necting the block-tower w i th the Genera l Dis
patcher ’s off i ce a t Jersey C i ty . This l ine i s used
for sending tra in orders only .

Al ine or w ire ca lled the block w i r e, con

[Rifle

nectin g each block-tower w i th the next tower on
each s ide of i t.

Aline or w ire ca lled the mes sage w i r e, and
used for loca l tra ffi c or bus iness .

T he genera l arrangemen t of the block-tower is
shown in Fig. 462.

Each of the block-towers i s suffi c iently eleva ted
above the road-bed to afford the opera tor an un

obs tructed view of the tracks .

Th e Opera tor , having ascertained the actual
condi tion of the track , e ither by observa tion or by
telegraphic commun ica tion w i th the sta tions on

either s ide of him, gives notice of this condi tion to
a l l tra ins pas sing his sta tion by the display of

certa in semaphore signa ls .

T he semaphore s ignal s as us ed on the Penn

sylvan ia Ra ilroad are shown in Figs . 463 and 464 .

The form shown in Fig. 463 is used in the abso

Fz
'

g . 4 63 . Semaphor e Signa l—Ab ol ish Sy stem.

lute system, and tha t show n in Fig . 464 in the per

m iss ive system. These signa ls cons is t essen tia lly
of an upright suppor t provided w ith a movable
armAB

, ca lled the semap/zor e a rm, capable of

being set in any of two or three position s . T he

semaphore s igna l i s placed outside the s igna l
tower , o ften severa l hundred feet away, but is
readily se t from the tower i n any of the desi red
pos i tions by the opera tor, by the movemen t of
rods connected w ith levers .

In the permiss ive system, the semaphore arm
can be set in three pos itions , v iz

In a hor izon ta l pos i tion , or where the

semaphore armmakes an angle of90 degrees w ith
the upr ight .

O r i t may be dropped down from the

horizon ta l pos ition through an angle of 75

degrees , as shown in Fig . 463 .

O r i t may occupy a pos i tion exactly in ter
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media te between the first and second , or 3 7
°

30
'

.below the hor izon tal , as shown in Fig . 464 .

Pos ition No . I i s the danger s igna l , and when
i t is displayed the tra in may not en ter the block
i t governs .

Positi on No. 2 shows tha t the track is c lea r ,
a nd tha t the train may safely en ter the block i t

governs.
Pos i tion No . 3 , wh ich is used in the permissive

block system,
on ly s igni fies cau tion , and permi ts

the train to cautiously enter the block and look
.ou t for fur ther s ignals .

T he semaphore arm con sists of a light wooden
arm, I I inches w ide by 5 ) feet in length , pa in ted
red or other sui table color tha t can be eas i ly d is
t inguished by dayl ight.
By n ight the pos itions of the semaphore arm

are indicated by colored l ights . These l ights are

Fig . 4 6 4 . Semaplw re Signa l—Permi ss i ve Sy s tem .

o pera ted as fol lows , vi z. : in the absolute system,

t he semaphore arm AB , pivoted at A, bears a t
i ts shorter end a disc or lens of red glass R, and ,

in the permiss ive system, be low this another disc
or lens of green glass G . An oi l lan tern , pro

v ided w i th an uncolored glass len s, is so sup

ported ou a bracket fa stened to the upright tha t
when the semaphore arm points to danger the
red glass i s immediately in fron t of the lan tern
when i t points to caution , the green glass is in
front of the lan tern ; but when i t points to sa fety ,
the lan tern i s left uncovered save by i ts uncolored
g lass .

At n ight, therefore , w hen the semaphore arm

i s set to danger , a red l ight is displayed ; w hen i t

p oin ts to cau tion
,
a green light is displayed ; and

w hen i t poin ts to safety , a whi te l ight i s displayed .

In some systems the posi tion of the semaphore

{Ra

arm is shown at n ight by means of light reflected
from a parabolic mirror, a t the focus of which the
s igna l lan tern i s placed. This method posses ses
the advan tage over o ther systems of rendering i t
very improbable tha t the engineer would mis take
an ordinary light for a s igna l li ght.
T he green l ight is on ly used in the permissive

block system. In the absolute block system, the

semaphore arm has two positions on ly v iz . , dan

ger , or horizon ta l, and sa fe ty , or 75 degrees below
the hor izon ta l.
A s ingle arm is used when it is intended to

govern a s ingle track on ly . Where the condition
of a number of tracks i s to be indi ca ted, severa l
arms are employed , one above the other .

When semap core signa ls a re placed on each s ide
of a double-track road , the semaphore a rm poin t
i ng to the right of the ver tica l support govern s
the line runn ing to the r ight.
When the semaphore s ignals are placed at

junctions or sw i tch-crossings , the opera tor in the

s igna l-tower opens or c loses the sw itches from
the tower by the movemen ts of levers tha t set the
sw itches

,
and then displays the proper Semaphore

s igna l for tha t cross ing or rou te red, or danger ,
i f the route is blocked , and white, or sa fety , i f i t
i s c lear. Here the in ter locking apparatus is em
ployed , which con sists in devices by mean s of

which , when a route has once been set up and a

s igna l given for tha t route, the sw i tches and sig .

nal s are so in terlocked tha t no s igna l can pos
sibly be given for a confl icting route .

T he signa ls or sw itches are opera ted by means
of iron rods passing over rol lers or pulleys .

These rods are a ttached by su itable connec tions
to the sw itch or semaphore s ignals, and are

operated by means of levers from the s igna l
tow er . Sw itches can be Opera ted as far as

feet from the tower ; s igna ls as far as feet.
Colored sw itch-signa ls are placed opposi te the

end of the sw i tches to indica te the pos itions of

the sw itch . These signals consist of red and

whi te discs for day , and a lan tern provided w ith
red and white glasses for n ight . When the

sw i tch on any l ine is Open , the sw itch-signal show s
red ; when shut

,
i t show s white. These sw itch

signa ls are only used in the yards.
No passenger tra in is permitted on a block,

a fter another tra in has passed the signa l s tati on ,

un ti l a dispa tch has been received from the

s tation ahead that the tra in ha s passed and the

block is thus c leared .

As an additiona l precaution aga inst rear col
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l isions
,
ta i l lg/zts are displayed at the ends of the

tra ins. These cons ist of lan terns placed on each
s ide of the rear end of the la s t car. These
lan terns are furn ished w i th three glass s l ides .
T he s ide of the lan tern towards the rear of the

car shows a red light ; tha t to the fron t and s ide
of the car shows a green l ight. T he engineer ,
looking out of the cab, can thus see a green light,
which serves as a ma rker and indica tes to
him tha t h is trai n i s intact. By day a green

'flag ,

placed in the same pos i tion as the lan tern , serves
the same purpose as a ma rker . An observer on
the track, or in the tower , sees the red lights on
the rear of the trai n when i t has passed .

Freight tra ins are now run on separate tracks,
except in places where the extra tracks are not

y et completed. Here they do not run on schedule
time, but are permitted to follow one another at

interva ls that depend on the condition of the

tracks as shown by the signa ls displayed.

Rai l roads, El ectr i c, Cont inuous Over
head System of M ot i ve Power for
Avariety of the dependen t sys tem of motive
power for elec tric ra ilroads in wh ich a con

tinuous bare conduc tor is connected w ith the

termina ls of a genera ting dynamo, and sup

ported overhead by suitab le means , and a

travel ing w heel or trolley is moved over the
same by the motion of the car, in order to
carry off the current from the l ine to the car

motor. (See Ra i lroa ds , Electr i c, D epend

ent Sy stemof M oti zxePower f or .)

Rai l roads, El ectri c, Continuous Surface
system of M ot i ve Power for A
variety of the dependent sys tem of motive

power for elec tric railroads , in wh ich the ter
minal s of the genera t ing dynamo are con

nected to the con tinuous bare metal l ic con

duc tor tha t extends a long the en tire track on

the surfa ce of the roadway or s treet , and from
w h ich the curren t is taken off by means of a.

travel ing conduc tor connected w ith the mov

ing car . (See Ra i l roads , E lectr i c, Con t i nu
ous Underg round Sy stem of [ Vot i v e Pow er

f or .)
Rai l roads, El ectric, Continuous Under

ground System of M ot i vePower for
Avariety of the dependen t sys tem of motive
pow er for electric ra ilw ays , in wh ich a con

t inuous bare conduc tor is placed under

ground in an Open slotted conduit, and the

curren t taken O ff from the same by means of

s liding or rol l ing con tac ts carried on the mov
ing car. (See Ra i lroads , Electr i c , D epend-fl

ent Sy stem of M ot i v ePow er f or .)

Rai l roads, El ectr ic, Dependent System
of M oti ve Power for —A term now

general ly used for a sys tem of mot ive power
for the propul sion of elec tric ra ilway cars , in
which the elec tric current is taken from w ires

or conduc tors connected w ith electric sources
externa l to the cars .

Adependent system of motive power for elec.

tr ic ra ilways includes three dis tinct varieties,
namely
( I .) T he Underground System.

T he Surface System.

T he O verhead System.

In al l Of these systems the bare conductor con
nected w ith the terminals of a genera ting dynamo
may form either one con tinuous w ire or i t can.

be divided in to separa te portion s or sections .

T he underground system embraces two dis tinct:
var ieties
i st. Acon tinuous bare conductor placed in an.

Open slotted condu it.
2d . Asec tional bare conductor placed in an

Open s lotted conduit.
In the first variety Of the underground system,

bare conductors are placed in an open s lotted
condui t, and connec ted w i th the termina ls of a.

dynamo-electr ic machine which genera tes the

curren t tha t is to be employed for the propul s ion
Of the cars . Travel ing con tacts placed on the

car and connected w i th an elec tr ic motor , carry

O ff the curren t from the bare conductor by roll ing
or sliding over i t.
In the second var iety of the underground sy s

tem , a sec tion of a bare conductor , or baremeta l
l ic poin ts tha t, on the passage of the car over
them are automa tical ly connec ted w ith the gen

c ra ting dynamo, replace the con tinuous meta llic
conductors Of the firs t system.

In the surface system, the w ires or conductors
tha t are connected w ith the genera ting dynamo,

i nstead of being placed in the underground Open
slotted condu it, are placed directly on the surface
Of the stree t or roadbed and the curren t ca rried
O ff from the same by su i table con tac ts placed or:
the car .

In most cases , how ever, in which the surface

system is adopted , the con ductors tha t are con
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Of the car over them, and to sw itch them out

a s the car leaves them. (See Ra i l r oa ds ,

E lectr i c , D ependent Sy stem of M ot i v ePow er

f or .)

Rai l roads, El ectri c, Sectional Under

ground System of M ot i ve Power for
—A variety Of the dependent sys tem of

motive power for e lec tric ra ilroads in wh ich a
sectional conduc tor is placed underground in
a s lotted con dui t,

“

and the curren t taken from
the same by mean s of s l id ing or roll ing con

tac ts connected w i th the moving car. (See

Ra i lroa ds , Electr i c, D ependent Sy stem of
M oti vePower f or .)
Rai l roads, El ectric, Sect ion Line of
—Any part of the overhead elec tric conduc

tors insulated from other part s s o a s to permit
i ts supply Of elec tric power to be separa tely
c ontrolled.

Rai l roads, El ectr ic , Signal Serv ice Sy s
tem for —T he sys tem Of elec tric s igna ls
used on rai lways for ascerta in ing the condition
O f the roads , sending in s truc t ions to eng ineers ,
and convey ing in tel l igence genera lly from
s tations a long the road to the running trains .

Rai l roads, El ectr ic, Singl e-Trol l ey Sys
tem —A sys tem O f elec tric ra ilroad
p ropuls ion in w h ich a s ingle trolley is em

p loyed to take the driv ing curren t from a

s ingle overhead trolley w ire.

T he earth, or a conductor placed a long the

track on the roadbed , ac ts a s the return . (See

Ra i l r oads
, E lectr i c, D ependen t Sy s tem of fi l a

t ive Power f or .)

Rai l roads, Permi ss ive B l ock System for

—A block sys tem in w hich more than
one tra in is permi tted under g iven con dit ions
t o occupy the same block s imul taneous ly.

(See Ra i lr oads , B loc/é Sy stemf or .)

Rai lway, El ectr ic —An electric ra il
road. (See Ra i lroad , E lectr i c .)
Range, M ol ecul ar —T he d is tance a t

wh ic h the molecules of mat ter exert a sens i
ble a ttrac tion for one another.
This d is tance has been estimated i n the case of

z inc and oxygen as equa l to about th e ten-m il

l ion th o f a mil limetre .

Quan ti ty ,

Poten t i a l
,

—V z

[Ray .

Ratchet-PendantAr g and-El ec tri cB urner.
—(See B ur ner , Arg a nd

-E lectr i c, Ra tcfi et

Pendant .)

Ratchet-Pendan t El ectr i c B urner.
—(See

B urner , Ra tc/zet-Pendan t , E lectr i c.)

Ratchet-Pendant El ectri c Candl eBurner .

—(See B urner , Ra tclzet-Penda n t Ca ndle

E lectr i c .)
Ratio, Vel oc i ty A ratio, in the

na ture of a veloc ity , tha t exis ts betw een the

d imens ion s Of the elec tros ta tic and the elec

t ro-magnetic uni ts .

Th is ra tio w il l be understood from the com

parison of the following un i ts. In each case the

numera tor g ives the d imen s ion s in the e lectro
s tatic and the denom inator the dimens ions in the
e lec tro-magne tic system

M 5 T
—1

M 5 Li
fi

L
‘

T
‘

Here the value of the ra tio, v iz . , the l eng tlz

divided by the t ime
,
i s C lear ly in the na ture of a

L
velocity , for V

M l
“

L5 T - 1 T

M
’} Li T—s

L

L L8
Capa ci ty , L

—1 T2 T;

L- 1 T T 3 1
Res i stance

, L T
‘ 1 L 3 V 9

A remarkable s imilari ty exists between the

v a lue Of the v eloci ty expressed in C . G . S. un i ts ,
and the velocity Of light, which i s of grea t sign ifi
cancejn the el ectr o-magnet i c tlzeory of l ig lzt . (See
L ig/zt , M axw el l’s E l ectr a-M agn et i c Tlzeory of . )
T he velocity of light i s x 101 0 cen

timetres per second .

T he velocity ra tio, v , i s X 10
1 0

centi
metres per second .

Rattl er , Push-B utton A dev ice
connec ted w i th a pus h button to show tha t
the bell connected a t a d is tan t poin t , in the

c ircuit Of a push but ton , r ings w hen the button
i s pressed.

Ray ,Act in ic Aray Of l igh t or other
form of rad ian t energy tha t pos sesses the
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power O f effec ting chemical ac t ion. (See

D ecompos i t ion .)
All ray s Of l ight, and even some Of those ih

vis ible to the human eye, are act in ic to some

par ticular chem ica l subs tance or another .

Whether the e ther w aves produce the effects of

h ea t, of l igh t or Of chemica l decomposition de

pends on the na tu r e of t lze ma ter i a l on w lziclz

t lzey f a l l , a s wel l a s on tfie char acter of t/ze waves

t /zemselves .

Ray , El ectr i c (Ra i a torpedo) —A
S pecies of fi sh named the ray, which , l ike the
elec tric eel , pos

s esses the power

Of producing elec

t ricity.

T he electr ic or

g an i s s i tuated at

the ba ck Of the

h ead , and cons ists
O f hundreds of poly
gona l , c e l l u l a r

laminae, supplied
w i t h numerous

nerve fibres , a s

show n in Fig. 465 .

(See Fi s lzes . E lec

t r ic. )

R a y 1 e i g h 8

Form of Cl ark
’
s

Standard Vol ta ic

Cel l . (See Cel l ,
Vol ta i c , Sta nd

a rd , Ray leigk
’

s

F orm of Cla rk
’

s .)

Reaction—In electro-therapeutics mus

cula t con tract ions fol low ing the c los ing or

O pen ing Of an electric c ircuit.

Reac tion Coi l .—(See Coi l , Rea cti on .)

Reaction of Degeneration —(See D eg en

cr a t i on , Rea ct i on of .)
Reaction of Exhaust ion .

—(See Ex fia us

t i on , Rea cti on of .)
React ion Pr incipl e of Dynamo-El ectr ic

M ach i nes—(See M a c/zi ne, Dy namo-Elec

t r i c, Rea ct i on Pr in czf le of .)
React ion Tel ephone —(See Telepnone,

Rea ct i on .)

[Rea

Reaction Time.
—(See T ime, Rea ct ion .)

React ion Wheel , E l ec tr ic (See
W12eel , Reacti on , E lectr i c.)
React ions, Kathodic andAnodic El ectro

Diagnostic —T he reac tion s w h ich oc

cur at the ka thode or anode Of an elec tric
source placed on or over any part O f a l iving
body.

Fig. 4 66 . Kat lzod ic a nd Anod ic React ions .

Fig. 466 , from De Wattev il le
’
s M edica l Elec

tricity
”
represents wha t he assumes takes place at

the poin ts Of en trance and exit of the curren t in a

nerve submitted to the action Of the anode Of an
e lec tric source. T wo zones are formed , an anodic
and a ka thodic zone ; the virtua l anode i s formed
by the portion of the skin nearer the nerve

, and

the virtual ka thode by the adjoin ing musc ies .

There are thus formed two zones of influence
one immedia tely around the anode, cal led the

polar or anodic e lectroton ic zone , and one sur

rounding this and including the virtua l ka thode,
and ca lled the per ipolar , or k athelec troton ic zone .

Reading Tel escope. (See Telescope,

Real Effi ciency of Storag e B atter y.

(See Efi c z
’

ency , Rea l , of Stor ag e B a ttery .)

Real Hal l Effect—(See Ej ect , H a l l ,

Rea l .)
Recal escence.

-T he property, possessed
by incandescent s teel when cool ing , Of
aga in becoming incandescen t a fter a certa in
degree of cool ing has been reached .

T he property of reca lescence was first pointed
out by Barrett.
As tee l w ire hea ted at the middle or near one

end to a bright red , and a llow ed to coo l in
a d im l ight, w ill cool un ti l a low red hea t i s
reached , when i t w i ll be Observed to rehea t at
some poin t i n the or igina lly hea ted portion . This
rehea ting i s man ifested by a brighter red spot
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which moves al ong the portion originally hea ted. T he follow ing table con tai ns the reciprocals
This rehea ting is ca lled r eca l escence, and is due .

of the numera ls up to 100 :

to la ten t hea t (potentia l energy ) , which , disap
pearing when the bar was hea ted , aga in becomes

TABLE O F RECIPRO CALS.

sensible (kinetic energy) on coo l ing. 3 6 ° Re Re

T he tempera ture at which reca lescence takes N0. cnpro No . c ipro. No . cip ro No . cipro
ca l . ca l . ca l . c a l .

place i s sen sibly the temperature at which hea ted
steel regains i ts magnetizability .

Recei ved Current—(See Current , Re

cei ved .)

Recei ver , Gramophone —T he re

ceiver employed in the gramophone . (See

Gramop lzone.)

Recei ver , Graphophone —T he re

ceiver employed in the graphophone . (See

Pnonog r ap lz.)

Recei ver , Harmon i c —A receiver,
emp loyed in sys tems Of harmon ic telegraphy ,
cons is ting Of an electro-magnet ic reed , tuned
to v ibra te to one note or rate only. (See T e

l eg r apny , Gr ay
’

s H a rmon i c M ul t ip le.)

Recei ver M agnet—(See M ag net , Recei v

i ng .)

Recei ver , Phonographic —T he ap

paratus employed in a telephone , phono

graph , graphophone or gramophone for the
reproduc tion Of articula te speech . (See

Pnonog r ap lz.)

Recei ver , Tel ephon ic —T he receiver
emp loyed in the telephone. (See T ele

plzone.)

Recept i ve Dev ice, El ectro
D ev i ce, E lectr a-Recep ti ve.)

Recept i ve Devi ce, M agneto

Dev i ce, M ag neto
-Recep ti v e.)

Rec i procal —T he reciprocal Of any

number is the quotien t a ris ing from d iv id ing
uni ty by tha t number.

Thus , for ex ample, the reciproca l Of 4, i s i O r

.250.

T he conducting power of any circui t is equa l
to the reciproca l of i ts res istance ; or , in o ther
words , the conduc ting power is inverse l y propor
tional to the res istance .

—(Cl a r ,é 69° Sabine. )

Recoi l Circui t.—(See Ci r cu i t , Recoi l .)
Record, Chronograph —A record

made by means Of a chronograph for the pur
pose O i measuring and record ing sma ll in ter
vals of t ime . (See Clzronog r ap lc, Electr i c .)

Record , Gramophone -T he irregular
indentat ions , cut t ings or trac ings made by a
poin t a ttached to the d iaphragm spoken.

aga ins t , and employed in connect ion w ith the
receiv ing d iaphragm for the reproduct ion of

a rt icula te speech .

Record, Graphophone
—T he record

made by the movement of the diaphragm Of .

the graphophone. (See

Record, Phonograph ic
—T he record

produced in a phonogra ph , for the subse~

quent reproduc tion Of aud ible art icula te
speech .

Record, Tel ephon i c
—T he record

produced by the d iaphragm Of a receiving
telephone.

Va rious methods have been proposed for O h .

ta in ing telephon ic records , but none Of them
have y et been in troduced in to actua l commercial
u se .

Recorder , Chemical , B ain
’
s An ap

para tus for record ing the dots and dashes of
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coil b b , through the suspending w ire f f
'

, and i s

moved by it to the r ight or the left, according to

i ts direction , to an exten t that depends on the

curren t strength .

T he fine glass siphon n, which dips in to a

reservoir Of ink at m, i s capable Of movemen t on
a vertica l axis 1, and i s moved backw a rds or for
wards, in one direction by a thread k, a ttached

S E T T L E D

Fzg. 4 7 1 . Record of 3 3k Recorder .

to b, and in the Opposi te direction by a retractile
spring a ttached to an arm Of the axis 1.
As the paper is moved under the poin t Of the

siphon
,
an irregular curved line i smarked thereon .

Two records as actually received by a s iphon
recorder are shown in the Figs . 470 and 47 1 .

M ovemen ts upw ards correspond to the dots , and
downwards to da shes .

’

Recti fi cat ion of Al cohol , El ectr i c
—(SeeAlco/l ol , Electr i c Rectifica t i on of .)
Rect i fi ed.

—T urned in one and the same

direc t ion .

T he al ternate currents in a dynamo-electric
machine are rectified or caused to flow in one and

the same direction by mean s of a commuta tor.
T he word Commuted

, genera lly used in this
connection , would appear to be preferable to the
word rectified . (See Commuta tor .)

Recti l inear Coo rdinates,Absc i ssa of
-(SeeAosc i ssa of Rect i l i n ea r Co-ord i na tes .)
Recti l inear Current—(See Current, Rec

t i l i nea r .)

Red Heat—(SeeHea t , Red.)
Red Hot—(See Hot , Red.)

Redacteur or Res i stance for Vol tmeter.
—A coil Of known res is tance a s compared
w ith the res is tance Of the co ils of a vol tmeter,
and connec ted w ith them in ser ies for the
purpose of increas ing the range Of the instru
men t . (See Vol tmeter .)

Redacteur or Shunt for Ammeter .
—A

shun t co il connected in mul t iple w ith the coi ls
of an ammeter for the purpose of chang ing
the va lue of the read ings .

T he ratio Of the resistance Of the reducteur and

the ammeter co ils i s k nown . A reducteur i a

creases the range Of curren t measured by the am

meter.

—T he laws gov

Reflec t ion of Induction.
—(See I nduc

t i on , Ref l ect i on of .)
Reflector .

—A p lane or curved surface ,
capab le O f regularly reflec t ing l ig ht.
Reflector , Parabol ic —A reflector ,

Refining of M etal s, El ectr ic —T he ‘

refining of metal s by the appl ica t ion Of elec
trolys is .

When certain precautions are taken , meta ls
thrown down from their solution s , are Obta ined in
a chemica lly pure condition . This fac t is u tilized
in the elec tr ica l refin ing of meta ls . If

, for exam
ple, a plate of impure copper is to be refined
e lectrolytica lly , i t is used as the anode of a copper
bath, and placed Opposi te a thin pla te Of pure cop

per forming the kathode . T he passage Of the
current gradually dissolves the copper from the

pla te a t the a node, and depos its i t in a chemica lly
pure condition on the plate at the kathode.

Somewha t s imilar pr inc iples are employed for
e lectrically refin ing other metals.

B eflect—TO throw O ff from a surface, ac
cording to the law s of reflec tion , a s O f waves
in an elas tic medium. (SeeReflection , Laws

Reflecti ng—T hrowing O ff from a surface,
a ccording to the laws O f reflection . (See
Rey

‘
l ect i on , Law s of .)

Reflect ing Gal vanometer .
—(See Ga l

v a nometer , Reflect i ng .)
Reflection .

—T he throw ing back of a body
or wave from a surface a t a n ang le equa l to
tha t at which it s trikes such surface. (See
Reflect i on , Law s of .)
Reflect ion , Laws of

ern ing the reflec tion Of l ight

( I . ) T he angle of reflection , or the angle in
c luded between the reflected ray and the perpen

d icular to the reflecting su rface a t the poin t of
incidence, is equa l to the angle Of inc idence, or
the angle included between the s tri king ray and

the perpendicular to the reflecting surface at the
poin t of incidence.

The plane Of the ang le of incidence co
inc ides w ith the plane of the angle Of reflection .

Reflection of El ectro-M agnet ic Waves.
—(Se

’

e Waves , Electr a-M ag net i c, Reflect i on
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or mirror, the reflecting surface of which is

a paraboloid , or such a surface as wou ld be
ob ta ined by the revolution of a parabola
about its ax is .

A paraboli c curve, which may be regarded as

a secti on of a parabola , is shown in Fig . 472.

A parabola has the fol low ing properties : If l ines
F P, F P, etc . , be drawn from the poin t F,

ca lled the focus , to any poin t, P,
P

, etc . , in the

curve, and the li nes Pp , Pp , Pp , etc . , be then
drawn several ly para l lel to the axis

,
V M ,

then
al l such angles , F P p , F P p , w il l be bisec ted by
verticals to tangents at the po in t P, P, and P.

Therefore, i f a l igh t be placed at the focus of a
parabolic reflector , al l the l ight reflected from the

surface of the parabola w il l pass off sensibly par
allel to the ax is V M .

In Locomot iveHea ri ng/i ts , a
lamp is placed a t the focus of
a parabol ic reflector , and the

para llel beam so obta ined is

util ized for the i llumina tion of

the track . In a sea r cfi l ig izt an
V

electric arc lamp i s placed a t
the focus of a parabol ic reflec
tor , or at the focus of a lens .

A parabolic reflector is

used for search lights, some Fig . 4 7 2. Pa r abol ic

times in connection w ith an Rdl f f fof

arc lamp . A focusing arc lamp must be u sed for
this purpose, so as to ma in ta in the volta ic a rc a t
the focus of the parabol ic reflector, notw i th stand
ing the un equal consumption of the pos itive and

nega tive carbon s . (SeeAr c, Vol ta ic.)

Refract—T o change the direct ion ofw aves
in any elas tic medium in accordance w ith
the law s of refraction. (See Ref r a ct i on .)

Refracting.
—Changi ng the direct ion of

waves in an elas t ic med ium in a ccordance
w ith the laws of refrac tion.

Refraction.
—T he bending of a ray of

sound , l ight, hea t , or elec tro-magnet ism a t

the surface of any medium w hose dens ity
differs from tha t through wh ich such ray

was prev iously pass ing .

Rays of sound , l ight, hea t or electro-mag

netism are tran sm itted or propaga ted in s tra ight
lines as long as the dens ity of the homogeneous
medium through which they are passing under

goe s no change. Tha t is , as long as the medium

is homogeneous or isotr0pic . (See M edium,
Iso

tr op i c. ) As the rays enter the sur face of a

mediumwhi ch differ s in dens ity from tha t through
which they have been passing , they a re ben t or
refracted at the surface of Such a medium.

This bending takes place towards a perpen

d icular to the refracting surface a t the po in t of ia
cidence , w hen the medium in towhich the rays a re
en tering is of greater den s ity than tha t they a re

leaving, and from the perpendicul ar w hen the

medium they are entering i s of less dens ity than
tha t they are leaving.

T he refraction or bending of the ray i s caused
by the difference in the veloc ity w i th which the
waves are propagated through the two media .

There is no refrac tion or deviation when the

two rays en ter the new medium a t right angle ;
to i ts surface, or when there is no angle of inc i
dence.

Refraction , Doubl e —T he property
possessed by certai n subs tances of sp l it ting
up a ray of l igh t pas sed through them in to
two separa te rays , and thus doubly retract ing
the ray .

Certa in spec imens of calc spar possess the prop .

erty of double refrac tion . Each of the two rays
in to which the origina l ray is sepa ra ted i s pola r
ized . Such ca lc spar is ca l led doubly retracting

ca lc spar .

Refract ion , Doubl e, El ectr ic T he

property of doubly retract ing l igh t acqu ired
by some transparen t subs tances w h i le in an

e lec tros ta t ic or elec tro-magnet ic field .

Trans ien t or momen tary powers of double
refract ion , acquired by a transparen t sub
s tance w h ile p laced in an elec tric fie ld.

The in tens ity of double refracti on is propor
t ioned to the squa re of the elec tric force .

T he action of an elec tric field in endow ing a

substance w i th the pow er o f double refraction
while kept in such field

,
i s d ue to the stra in pro

duced by the electrosta tic stres s o f the field .

A similar transien t power of double refraction
i s acquired by many bodies when subjected to

the s tra in produced by a simple mechani ca l
s tress.

Refresh ing Act ion of Current—(SeeAc
t i on , Re/r es/t i ng , of Curr en t .)

Reg ion ,
Ex tra-Pol ar —A term ao

p l ied in electro-therapeut ics to the region
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w hich l ies outside or beyond the therapeutic
e lec trode.
T he term extra-pol ar region i s used in con tra

di stinction to polar region . (SeeRegi on , Pola r .)

Region , Pol ar —A term appl ied in
elec tro-therapeut ics to that region or part of
the body w h ich l ies directly below the thera

peutic elec trode.

Regi ster, Doubl e-Pen Tel egraphic

—Atelegraphic regi s ter provided w ith two

s eparate styluses or pens for recording the

telegraphic mes sage on a fi llet of paper. (See

Reg i ster , Teleg r ap it ic.)
Regi ster , M orse —Aname sometimes

g iven to a M orse recorder. (See Recorder ,

Regi ster , Tel egraph ic
—Ah appa

ratus employed at the receiving end of a tele

g raphic l ine for the purpose of ob ta ining a

permanent record of the telegraphic dispatch.

T he telegraphic register con sists essentia lly of
means whereby a fi llet or tape of paper i s drawn
mechan ically under a pen or sty lus a ttached to
the armature of an electro-magnet and moving
therew ith .

T he pen or stylus presses aga inst the paper
whenever the armature i s attracted to the elec
tro magnet, and i s held there whi le the cur

Fig . 4 7 3 . Ink Wr i t i ng Reg i ster .

ren t is passmg through the coils of the electro
magnet. By these means the dots and dashes of
the telegraphic a lphabet are recorded on the

paper fi llet as embossed or prin ted dots and

dashes. The M orse regi ster is an appara tus of

this description . (See Recorder , M or se. )
A form of ink-wri ti ng telegraphic register i s

shown inFig. 473 . It i s self-start ing.

—Regulation

[Reg

Reg ister, T ime, for Rai l roads —A
telegraphic recording appara tus or register

des igned to record all telegraphic messages
transmi tted over a l ine.

The record is received on an endless band or

fi llet of paper. It is useful in case of d isputes as .

to the time certain messages were sent over the

Reg i ster , Watchman’s El ectri c
A device for permanently recording the time
of a wa tchman ’

s vis it to each of the dif

ferent local ities he is required to visit at s tated
interva ls .

These registers are of a variety of forms . They
consist, however , in genera l , of a drum or disc of
paper dr iven by c lockwork , on which a mark i s
made by a s tylus or pencil , operated on the c los
ing of a c ircui t by the pressing of a push bu tton
or the pressing of a key by thewatchman a t each
s ta tion .

Reg i ster ingApparatus, Electric
(SeeAppara tus , Reg i ster ing , Electr i c.)

Regi ster i ng El ectrometer.
—(See Elec

trometer , Reg i ster i ng .)

Regul abl e, Automatical l y —Capa
ble of being automatical ly regulated. (See

Reg ula t i on , Automa t i c.)

Regul ate, Automat ical l y —T o regu
la te ih an automatic manner. (See Reg ula
t ion , Automa ti c.)
Regul at ion ,Automatic

automatically effected.

Regul ation, Automati c, of Dynamo-El ec
tri c M achine —Such a regulation of a

dynamo-electric machine a s w il l automat i

cally preserve constant either the current or

the potential difference.

The automa tic regulation of dynamo-electr ic
machines may be accompli shed in the fol low ing
ways, v iz
( I . ) By a Compound Winding of M e M a c/tine.

Thi s method i s pa r ticula rly appl icable to con

stant-potentia l machines. By this w inding, the
magnetizing effec t of the shun t coils i s ma in ta ined
approximately constant, while tha t of the ser ies
coils var ies proportiona lly to the load on the ma

ch ine.

T he ser ies coils are sometimes wound c lose to
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the usual cen tr ifugal governor which ma in ta ins a

con stan t speed .

E lectr i c Govern ing Of the D r iv i ng Engi n e,

in which the governor i s regu la ted by the c

ren t itsel f instead Of by the Speed of rota tion , as

usua l .

Regul at ion , Hand —Such a regula

t ion Of a dynamo-electric mach ine as w il l pre
serve cons tant, ei ther the curren t or the

poten t ia l , sa id regula t ion being effected by
hand as dist inguished from automa tic regu

la tion.

Regul ator , Automat ic —A dev ice
for securing automa t ic regula t ion as d is

t inguished from hand regula t ion . (See

Reg ula t i on , Hand. Reg ula ti on ,Automa t i c .)

Regul ator , Hand —A res is tance
box , the separa te coils or res is tances Of which
can be read ily p laced in or removed from a

circuit by means Of a hand-moved sw i tch .

T he term hand regula tor is used as distin

gui shed from automa tic regula tor . (See Regu

l a tor , Automa t ic. Regul a tion , Automa ti c. )

Regul ator M agnet
—(See M ag net , Reg u

Regul ator , M onophotal Arc-Li ght
—Aterm somet imes emp loyed for an electric
arc lamp in w hich the w hole current passes
through the arc-regula t ing mechan ism , and

w hich is usua l ly Opera ted s ingly in c ircui t
w i th a dynamo .

Regul ator , Pol yphotal Arc-Lamp
A regula tor for an arc lamp suitab le for
ma inta in ing a number of lamps in series c ir

cui t wi th the dynamo.

Polyphota l regu lators differ from monophota l
regula tors in tha t their regulating electro-mag

nets are energized by a shun t c ircu i t around the
electrodes of the lamp, while in monophota l regu
lators such elec tro-magnets are placed in the di
rect c ircui t. T he terms monophota l and poly.

photal are not genera lly used in Amer ica.

Regul ine El ectro-M etal l urgi cal Deposi t.
—(See D epos i t , Electr a-M eta l lurg i ca l , Reg
ul ine.)

Rejuvenat ion of Lumi nescence—(See
Lumi nescence, Rejuvena t i on of .)

Fig . 4 7 7 . Teleg r aphic Relay .

[Rel.

Rel at i ve Cal ibration—(See Ca l ior ation,

Rela t ive.)

Rel ay—Au electro-magnet , employed in
sys tems of telegraphy , prov ided w ith contac t
points p laced on a del ica tely supported arma

ture, themovemen ts ofwhich throw a ba t tery ,
ca l led the local ba t tery , in to or out of the

c ircu it Of the receiv ing apparatus .

Arelay is sometimes call ed a receivingmagnet.

The use of a relay permits much smaller cur

rents to be u sed than could otherw ise be done,
since the electr ic impulses , on reaching a dista nt
s ta tion , are requ ired to do no o ther work than
a ttracting a delicately poised movable con tact ,
and thus

,
by throw ing a loca l ba ttery in to the

c ircu i t Of the receiving appara tus , to cause such
loca l ba ttery to perform the work of regis ter
ing . Its use i s especia lly required in the M orse

system of telegraphy in order to cause the sounder
to be

'

d istinctly heard .

Aform of relay that is much used is shown in
Fig . 477 .

T he electro-magnet M , i s wound w ith many
turns of very fine w ire . In the form used by the
Western Un ion Telegraph Company , there are

about8, 500 turns, having res is tance of 1 50 Ohms .

A screw m , is provided for moving the elec tro
magnet M , a slight distance in or out

,
for the pur

poses of adju stment. A semi-cylindr ica l arma
ture A, of soft iron , is a ttached to the insu la ted
arma ture lever a , the lower end of which i s sup

por ted by a steel arbor, which i s pivoted between

two set screws .

Aretractile spring S
'

,
regulable a t S, is p ro

v ided for moving the arma ture aw ay from the

elec tro-magnet. There are four binding posts ,
two of which are placed in the c ircu i t of the

electro-magnet, and two in tha t of the loca l ba t
tery . T he ends of the l ine w ire are connected
w i th the former , and the rece iving i ns trument:

placed in the c ircui t of the la tter . A pla tinum
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con tact is placed on the end of a screw supported
at F,

oppos ite a simi lar con tac t , near the end a ,

of the arma ture lever . The con tact i s regu lable
by mean s of a screw c .

O n the energi zing of the electro-magnet , the
a ttraction of i ts arma ture c loses the pla tinum
con tact , and, by thus completing the c ircui t of the
local ba ttery , causes an a ttraction of the arma ture
of the receiving appara tus . O n the cessa tion Of
the current in the ma in line, the spr ing S

'

, pu lls
the arma ture away from the magnet, breaks the
circui t Of the loca l ba ttery , and thus permi ts a

s imilar Spring on the receiving instrument to pu l l
i ts arma ture aw ay. Thus a l l the movemen ts of

the arma ture Of the relay are reproduced w ith in

creased in tensity by the armature of the recei ving
instrument .
T he connections Of the relay to the local bat

tery and the registering appara tus , w il l be better
understood from an ins pection of Fig . 478, w hich
represen ts a form of relay much used in Germany .

Fig . 4 78. Teleg r aph ic Relay , Germa n Pa tter n .

T he retractile spr ing f, is regulated by the up

and-down movements Of i ts lower suppor t
, which

sl ides in the vertica l p illar S. T he l ine w ire is
shown at m m, connected at one end to earth by
a ground w ire.

T he register ing appara tus R , is connected in
the c ircu it of the loca l battery L, a s show n .

T he con tacts are made by the end B ,
of the lever

B B ’
, a ttached to the a rma ture A, of the elec tro

magnet M M .

Rel ay B el l .—(See B el l , Rela y , Electr i c .)

Rel ay, B ox -Sounding Tel egraph ic

—Arelay the magnet of w hich is surrounded
by a resonan t ca se of w ood for the purpose
of increas ing the intens ity of the sound made
by the armature Of the magnet .
Aform of box -sounding relay i s shown i n Fig.

479

447 [Re].

Rel ay , Di fferent ial
—A telegraphic

Fig . 480 . M icr o/ li am Rela y .

Aformof microphone relay is shown in Figs .

480 and 481 .

Severa l minute microphones moun ted on the

"( OM Un usmn vm

Fig . 481 . M icro/ [zone Relay .

diaphragm of the telephone whose message is to

be repea ted , so va ry the res istance Of a loca l ba t
tery inc luded in their c ircui t

.

a s to automatical ly
repea t the articula te speech received .

T he microphones may b e connected ei ther in

Fig . 4 79. B ox -Sound i ng Rela y

relay contain ing two d ifferentia l lywound coils
of w ire on its magnet cores .

When the curren ts which pass through these
two coils are Of the same s trength , there i s no

movemen t of the arma tu re , s ince the fie lds Of the
two coils neutra lize each other .

T he differentia l relay i s used in the d ifleren ti a l
method Of duplex and quadruplex te legraphy .

(See Telegrap/zy , D upl ex Dzfi
'

er en t ia l M ethod of .

T el egrap/zy , Q uadruple): Dzfi
'

er en t i a l M et/10d of . )

Relay M ag net—Aname sometimes given
to a relay. (See Relay .)

Relay , M icrophone A device for

automat ica l ly repeat ing a telephoni c messag e

over another w ire .
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mul tiple arc or in series , as shown respectively to
the left and r ight in Fig . 480.

Rel ay, Pocket Tel egraph ic —Aform
of telegraphic relay of such small d imens ions
as to perm it it to be readily carr ied in the

pocket .

Rel ay , Pol ar ized
—Atelegraphic re

lay prov ided wi th a permanen tly magnetized
arma ture in place of the soft iron armature of
the ordinary ins trumen t.
In the form of polarized relay shown in Fig .

482, N S, i s a s teel magn et , whose magnetism i s

consequen tly permanen t, w ith i ts nor th and south
poles at N , and S, respect ivel y . T he cores of

the elec tro-magnet m, m
'

, are of soft iron , and,

since they res t on the nor th pole of the permanen t
steel magnet, the poles, brought very near to

gether by the armatures a t n ,
n

'

, w il l be of the

same polari ty as N,
when no cu r r ent i s pa ss ing

through the coi l s m , m
'

; but when such curren t
does pass , one of thesepoles becomes of s tr onger

nor th pola r i ty , whi le the other changes i ts pola r

i ty to s outh .

By these means to-and fro movemen ts of the

armature lever , w i th its con tact point , are effected
w ithou t the use of a retractile Spring movement
in one direction occurring on the closing of the

c ircu it due to the electro-magnetism developed

by the coils m ,
m

'

, and movement in the opposi te
direction ,

on the los ing of this magneti sm on

breaking the c ircuit , by the permanen t magnet
ism O f the steel magnet N S.

These movemen ts are imparted to the soft iron
lever c , c

'

, pivoted a t B , and pass ing between the
c losely approached

'

soft iron poles at n
,
n

'

. This
lever res ts at the end c

'

, aga in st a con tact poin t

—(See Shunt ,

when moved in one direction , and against an in
sulated point when moved in the oppos ite direc
tion . It res ts aga inst the insul a ted poin t when
no curren t is pass ing through the co il s m, m

'

.

If the arma ture lever were pla ced in a position
exactly midway be tween the poles n , and n

'

, i t
wou ld not move at a ll , being equa l ly a ttracted by
each ; but i f moved a l ittle nearer one pole than
the other , i t would be attracted to, and res t
against, the nea rer pole .

When a lterna ting currents are employed on

the line, the lever c , c
’

, must be adjusted as nearly
as poss ible in the middle of the space between 11

and n
'

, in which case it w ill rema in on the side to
which it wa s last attracted , un ti l a curren t in the
Opposite direc tion moves i t to the other side.

Fig . 483 . ADeta i l of the Pola r i zed Relay .

T he space between the magnet poles n , n
'

,

and the con tacts of the arma ture lever at D , and

D
'

, are shown in detai l in Fig . 483 , which is a

plan of Fig . 482. T he binding pos ts for the l ine
ba ttery are shown at L B

, r, and 2, and those
for the loca l battery a t A and B . T he dotted
lines show the connection s.

Since the polari zed relay dispenses w i th the re

tractile spr ing , i t is far more sensi tive than the
ordinary instrumen t. O nce adjusted , no further
regulati on is requ ired , in which respect it diflers
very decidedly from non-polari zed relays .

There are other forms Of polari zed relays , but
the above w ill suffi ce to il lustra te the genera l
principle of their Opera tion .

Rel ay Shunt , Stearn
’
s

Relay , Stea rn
’

s .)

Rel uctance, M ag neti c -Aterm re

cently proposed in p lace of magnet ic res is t
ance to express the res is tance Offered by a
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placed directly opposi te the armatures of the relay
magnets .

T he ex tra local magnet L,
is cut out of the

c ircui t Of B '

,
the ex tra loca l ba ttery , when the

ma in c ircu it is broken , and the arma ture i s in
con ta ct w ith e. As soon as this happens , how
ever , the spring s , draw ing away the armature,
and thus Open ing the shor t-c ir cui t Of no res ist
ance between c and a , establishes a c ircui t
through L . O n a , coming in con tact w i th c , the
c ircui t is again broken .

T he tension Of the spring 5 , is so regula ted that
a very rapid vibra tion Of a , i s mainta ined so con

stantly , that it is imposs ible to close the main c ir

cui t when L ,
is not cut out . T he arma ture a ,

w il l therefore respond to very weak impulses of

the relay magnet.
O n breaking the wes tern ma in ci rcui t N

,
the

lever a , vibra tes very rapidly . T he lev er l , of the
sounder R,

first breaks the c ircuit of L, and a fter
wards that oi the ea s tern ma in circuit E, which
passes through M . Both L

'

and M
'

,
be ing

broken , a slight tension Of s
'

,
w il l hold a , in

place, thus avoiding the breaking Of the w estern
ma in c ir cui t through the closing of the local cir
cu it through R. O n the clos ing Of the western
c ircuit, the reverse of these opera tions occurs.

T he author has taken the above explan a tion
ma inly from Pope’s work on

“ M odern Practice
of the Electric Telegraph .

”

Repeating Sounder .
—(See Sounder , Re

pea t i ng .)
Repl en isher .

—As tatic influence machine

devised by Sir .W ill iam
T homson for charg ing
the quad rants of his

quadrant electrometer.

Two brass carr iers C

and D, shown in Fig . 486 ,
are electrica lly fixed to the
end of the vu lcan ite rod

E, which is capable of ro

tation by the thumb screw
at M ,

in the direction
shown by the arrow . Hol

low meta l ha l f-cylinders ,
Aand B , act as inductors .

a str ip Ofbrass fixed around Fig . The Refi n e

the edges O f a piece of vul
M m

cani te P, connecting the meta llic springs S, and
S

'

, as shown .

The action of the replenisher is readily under

[Rep.

stood from the following cons iderations , as sug

ges ted by Ayrton in his Practica l Electri city
A and B

, Fig. 487, are two insu lated holl ow
meta llic ves sels having a sma l l difference of po

tenti al between them, A, being the higher . C ,

and D , are two sma ll uncharged conductors held
by insu lating s tri ngs. If C and D , be held near

A and B , as shown , the potentia l of C , wi l l, by
induction , be ra ised somewhat above tha t of D ,

so that when connected by a conductor, such as

h e meta llic w ire W, a sma ll quan tity of pos itive
electric i ty w il l flow from C . to D , thus leaving D,

positively , and C , nega tively charged .

If, now
, C and D ,

are removed fromW. and

placed in the bottom of B and A, as shown in
Fig . 488, the differen ce of poten t ia l betw een A,
and B , w ill be thereby increased . and if they are
then w i thdrawn , and tota lly discharged , and

Fig . 487 . Act ion of Replen i sher .

aga in placed in the first position shown, an ad

d i tional charge can be given toAand B , and this
can be repea ted as Often as des ired .

In the replen isher, A and B , correspond to the
vessels A and B ; the brass carr iers C and D ,

to the ba lls C and D
, and the spring S S, and M ,

to the w ire W . No in itial charge need be given
to A and B , s ince they are inva riably found to
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b e at a suffi cient difi
'

erence of potential to build
u p the charge.

Repl en i sher , Carr ier s of —T he
moving conductors of a rep lenisher w h ich
c arry the charges and thus permit of an ao

cumulat ion of such charges . (See Re

Repul sion , El ectr ic —T he mutual
dri ving apart or tendency to mu tual ly drive
a part ex isting between two s imi larly charged

”

bodies , or the mutual driving apart of s imilar
e lectric charges .

Repul s ion, El ectro-Dynami c —T he
mutual repuls ion between two electric circuits
w hose currents are flowing in oppos ite dirco
t ions .

Para llel curren ts flow ing in opposite directions
repel one another, because their l ines of magnetic

’ force have the same direction in adjoin ing parts of
t he circuit . (See Dy nami cs , E lectra. )

Repul s ion , El ectro-M agnetic
—T he

mutual repuls ion produced by two s imilar

e lec tro-magnetic poles .

Repul s ion , El ectrostatic —T he
mutua l repuls ion produced by two s imi lar

e lec tric charges .

Repul s ion , M agnet ic —T he mutual
repul s ion exerted between two s imilar mag
netic poles .

Repul sion , M ol ecul ar —T hemutual
repul s ion exis ting between molecules aris ing

from their kinetic energy. (See M a tter , K2
'

netz
’

e T/t eory of .)

Residual Atmosphere—(SeeAtmospner e,
Res i dua l .)
Resi dual Charge.

-(See Cfia rg e, Res i d

na l .)
Res i dual M agneti sm.

—(See M ag net i sm,

Res idua l .)
Res i n .

—Agenera l term appl ied to a variety
of dried juices of vegetab le origin.

Resins are , in genera l , transparen t, inflamma
b le sol ids

,
soluble in a lcohol , and , in genera l,

excellen t non-conduc tors of e lectric i ty . Rosin i s
one of the var ieties of resin .

Resinous E l ectr ic i ty .
—(See Electr zcz

‘

ty ,

Resz
'

nous .)
Resi stance—Someth ing p l aced in a c ircuit

for the purpose of oppos ing the passage or

[Rea

flow of the curren t in the c ircuit or branches
of the circui t in which it is p laced .

T he elec trica l res is tance of a conductor is
tha t qua lity of the conduc tor in v irtue of

w h ich there is a fixed numerica l ra t io be
tween the poten tia l difference oi the two

oppos ing faces of a cubic uni t of such con

duc tor, and the quan ti ty of elec trici ty w h ich
traverses ei ther face per second , assuming a

s teady flow to take place normal to these
faces , and to be un iformly d is tributed over
them, such flow taking p lace solely by an elec

tromotive force outs ide the volume considered .

T he term is used in the first defin i tion in the
concrete sense of something intended for or u sed
as a resistance. For the physical defin itions and
facts see Res is tance, E l ectr i c.

Gases offer very high resistance to the flow of

an elec tri c curren t . Their non-conduc ting power
causes the increase of resistance which a ttends
the polarization of a voltaic cell . (See Cel l ,

Vol ta i c
,
Pol a r i za t ion of . )

Res istances consis t of coils , strips, bars or

Spira ls of metal, or plates of carbon, or me tal lic
powders, powdered or granulated carbon , or

liquids .

Resi stance, Absol ute Un i t of —T he
one thousand mil l ionth of an ohm. (See

O hm . Un i ts , Pr a ct i ca l .)
Resi stance, Assymmetr ical —Con

ductors or parts of conductors , w h ich offer a

greater res is tance to the flow of an electric
curren t in one direction than in another.

Assymmetrica l conductors are unknown , so far

as s tructura l peculiari ties are concerned , but can
be obta ined by the use of counter electromotive
forces , acting as res istance . This term w as pro

posed by Wi lke i n discussing the obta in ing of

conti nuous currents by commutator less dynamo
electric machines.

T he resistance of the human body i s possibly
assymmetrical res is tance .

An eviden t applica tion of an assymmetr ical re

s istance is to direct a l terna ting curren ts so as to

cause the curren t tha t passes to flow in and to the

same direction .

Resi stance, B al anced Ares is tance
so p laced in a c ircuit a s to be balanced or

made equal to another res is tance connected
therew ith .
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Resi stance, B al anced , for Dynamos T he electr ic resis tance of dielectr ics and

. _ A res is tance tha t pos sesses a range suf
DO D-CODdIICtO I'S decreases as the tempera ture ri ses.

ficient to ba lance one dynamo against another RESISTANCE AND CONDUCT IVITY O F PURE

w ith w hich it i s des ired to run in para llel . CO PPER AT D IFFERENT TEM PERATURES

Uran/ta r t .)

Resi stance B0x .
—(See B ox , Res i stance.)

Resi stance B ri dge—(See B r i dg e, Res i st

a nce.)
Resi stance CO i l . -(See Coi l . Res i stance.)
Resi stance Coi l , Standard —(See

Coi l , Res i stance, Standa rd .)

Resi stance, Conduct i v i t y -T he re

s istance offered by a substance to electric
conduc tion , or to the passage of electricity
through

’

its mass .

Resi stance, Diel ectr ic -A term

sometimes employed for the res istance of a

dielec tric to mechanical stra ins produced by
electrification.

T he dielectr ic resistance of the glass, or other
dielec tric of a Leyden jar or condenser , is fre
quen tly overcome by the passage of the charges
on the conducting surfaces , and the glass i s thus
pierced .

T he term dielectric res istance would appear
to be badly chosen ; for , l ike a l l substances , dielec
trics possess a true ohmic resistance, which in
creases w i th the increase of length , and decreases
w ith the increase of area of cross-section .

The res istance of the dielec tr ic , however , difi
'

ers

from the ordinary ohmic resistance of conductors ,
in that the resistance of the dielectr ic is sudden ly
overcome , and the discharge passes disruptively
a s a spark .

Resi stance, Effect of Heat on El ectr ic
—Nearly .al l metal l ic conduc tors have

their electric res is tance increased by an in

crease oi temperature.

which shows tha t resistance is a .

from which we obta in

T he carbon conductor of an incandescen t elec
tric lamp, on the con trary , has i ts resistance
decreased when ra ised to electric incandescence .

T he decrease amoun ts to abou t three-eighths of i ts
res istance when cold .

The effec ts of hea t on electr ic resistancemay be

summari zed as follows
T he e lectric resistance of meta llic conduc

tors increas es as the tempera ture rises . In some

all oys this increase i s smal l .
T he electric resistance of electrolytes de.

creases a s the tempera ture rises.

-(La t imer Cla rk.

Resi stance, El ectric —T he ratio be
tween the electromotive force of a c ircuit

and the curren t tha t passes therein .

T he reciprocal of elec trical conduct ivity.

Resistance can be defined as the reciproca l of
electr ica l conductivity , because even the best
electrical conductors possess appreciable resist
ance.

O rdinari ly the resistance of a circui t may be
conven ien tly regarded as tha t which opposes or

res i sts the passage of the curren t. Str ictly speak
ing, however , this is not true, s ince from Gl im’

s
'

law (See Law of O fim, or Law of Cur ren t
’

Strengt/z)

C

C

ratio between the electromotive force tha t causes
the current and the curren t so produced .

Resistance may be expressed as a veloc ity .

T he dimensions of resistance in terms of the

electro-magnetic un its are
L

T
(See Un i ts , E lectra-M agnet i c. ) But these are the .

dimen sion s of a velocity, which is the ra tio of the

dis tance passed over in un it time . Resistance may
therefore be expressed as a velocity .
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TABLE O F CO NDUCT ING POWERS AND RESISTANCES IN O HM S—B . A. UNITS.

Approx ima te
p ercentage of

va ri a t ion i n t e

s is tance for 1 de

gre e o f tempera
ture a t 20 deg .

Res istance ofa
w ire one met re

long , one mi lli
metre in diam

eter.

Res is tance of a Res is tance o f a Res istance of a
w ire one foo t W i re oneme trn w ire one foot

long w eigh ing long w e ighing long “
1
63 inch

one gra in. one gramme . in d iame ter .

Conduct ingNAM ES or M ET ALS. pow er a t o de

gree C .

Silver,
Silver, ha rd drawn. .

C0
g
et , hard drawn . o o o o o o

C ol
)

0-3 5 5
Gold , hard draw n .

Alumin ium, annea led o o o o o
Zinc , pressed
Pla t inum, annea led
I ron ,
Nickel. o o o o o o o o o o

T in ,
Lead, pres sed
Ant imony , pres sed

B ismu th, res sed .

M ercury . iquid

Pla t inum s ilver , a lloy ,

hard 1 43-35 0-03 !

German s ilver , ha rd 0r

Gold , s ilver, a lloy . ha rd

which these dis tances are readily adjustable, as

shown .

Resi stance, Equi val ent —A s ingle

resis tance which may replace a number of

s epara te res is tances in a c ircui t w ithout al ter
ing the value of the current travers ing it .

Resi stance, Essent ial —A term

sometimes used instead of interna l res is t
ance.

Liquid .

Resi stance, External Secondary A
term proposed by Du B ois Reymond for the
change in the res is tance of a circui t externa l to
the elec tric source when ca taphoric action
takes place. (SeeAct i on , Ca tap lzor i c.)

If
,
the copper elec trodes of a constan t ba ttery

be placed in a vessel fi lled w ith a solution of

cupr ic sulpha te and from each e lectrode there

p rojec ts a cushion satura ted w ith this fluid, then ,

7m kin .

on placing a piece of muscle, cartilage, vegetable
tissue , or even a prisma tic s tr ip of coagu la ted
a lbumen across these cu shions, we observe, tha t
very soon after the ci rcu it i s closed , there is a
cons iderable varia tion of the current.
This phenomenon i s ca lled external secondary
res istance.

’ -(Landoi s and Ster l ing . )

Resi stance, Extraordinary Aterm
sometimes employed ins tead of externa l re
s istance. (See Res i stance, Ex terna l Secon

Res istance, Fal se Ares is tance aris
ing from a coun ter e lec tromot ive force and

not d irectly from the d imens ions of the circui t ,
or from its spec ific res is tance .

T he fa lse resistance of any c ircui t i s some times
called i ts spurious res istance. (See For ce, E l ectro

motive, Counter . Res i stance, Spur ious . )

Resi stance, Induct ion l ess —A term
somet imes used ins tead of non-induc tive re

s istance. (See Resi stance, Non-Induct i ve.)
Resi stance, Induct i ve —Aresis tance

w hich possesses sel f-induc tion.

Res i stance, Insul at ion T he re

s istance of a l ine or conduc tor exis ting be
tween the l ine or conduc tor and the earth
through the insula tors , or between the two
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wires of a cable through the insula t ing
ma terial separa ting them.

The insulation res istance of a telegraph line i s
the res is tance tha t exis ts be tween the line and the

ear th , through i ts insula tors . T he insu la tion re

s istance w i l l decrea se as the length of l ine in .

_

creases , s in ce for any in crea se in the number o f

poles and insula tors there i s a proportiona l in
crease in the area of cross-section of the in su la .

ting supports .

If the insulation res istance is ohms

per mi le, in a l ine 200 mi les in length . the in sula
t ion res is tance i s on ly ohms , tha t is ,

ohms .

200

Resi stance, Joint , of Paral l el Circui ts

—T he join t res is tance of two parallel
c ircuits is determined bymeans of the fol low
ing formula :

r r

r r
"

Where R the join t resistance of any tw o cir

cuits w hose separate res istances are respectively
r and r

'

.

When there are three resistances r , r
'

and r
'

i

in para llel , the join t resistance ,
r r

'

r
'

(See Ci r cui ts , Va r iet i es of . )

Resi stance, M agnetic —T he rec ipro
c al oi magne tic permeab i l ity or conduct i
b il ity for l ines of magnetic force.

Res is tance offered by a med ium to the

passage of the l ines of magnet ic force through
i t .

T he magnetic resistance of the c ircuit of the
l ines of force i s reduced by forming the C i rcui t of
a medi um having a high magnetic permeability ,
such as soft iron . This is accomplished by the
arma ture or keeper of a magnet, or by the i ron i n

an iron-c lad magnet. (See M agnet , Iron-Cl ad . )

Resi stance, M easurement of

M ethods employed for determin ing the re

s istance of any circuit or pa rt of a c ircu it.

Numerous methods are employed for this pur
pose . Among these are

T lze use of a r es i stance box w i t]: a W/zea t

s tone br i dge, by opposing or ba lanc ing the un

known res is tance aga ins t a known resistance .

(See B a lance, Wkea ts tone
’
s E lectr i c. )

Fig 4 91 Subs t i tut ion di et/id .

[Boa.

T he dif er ent ia l ga loanometer . (See Ga l

v anomcter , D tfi
'

eren ti a l . )

T he method of subs t i tut ion .

Compa r i son of the deflections of a ga l

nanometer .

M ethod of Subs t i tution .
—A r es is tance-box R,

Fig . 491 , ga lvanometer G , and the res istance x ,

tha t is to be measured , are placed in the direct
c ircui t of the ba ttery B , by mean s o f conductors
of such thick w ire tha t their res is tance can be

neglected .

The deflec tion of the ga lvanometer i s firs t
measured w i th x , in c ircui t , and no res is tance in
t he box R. T he res is tance x , i s then cut out of

the c ircu i t by plac ing a thick copper w ire across

the termina ls of the mercury cups a t m m
'

, and

resistances unplugged in R, until the same deflec
t ion i s obta ined . Then ,

if the electr omot ivef orce
of the ba ttery ha s r ema ined cons ta n t

, the res is t
auces unplugged equa l the unknown res istance .

For ful l descr iption of the va rious methods of

determin ing resistance the reader i s referred to

Ay r ton
‘

s Pr a ct i ca l E l ectr i ci ty ,

" Kempe
’
s

Handbook of Tes t i
’

ng ,

”
or other s tandard books

on electri ca l measurements .

When severa l resistances are placed in series i n
any c ircu it, by measur ing the difference of poten
tia l at their termina ls , their va lues can be deter .

mined by s imple ca lcu la tion
,
being d irectly pro

portiona l to these d iflerences of po ten tial .
This method i s espec ia l ly applicable to the

measur emen t of such low resistances as the arma

tures of dynamo-e lec tric machines .

Resi stance, Non-Induct i ve -A re

s is tance in wh ich self-induc tion is practica lly
absent.

An incandescen t lamp fi lament i s prac tica lly a

non-inducti ve res is tance when compared w ith a

cod on the helix of an elec tro-magne t .

Resistance of Human Body .
—(See B ody ,

Huma n , Res i stance of .)



Res.)

Resistance of Vol tai c Are—(See Ar c,
Volta i c, Res i stance of .)

Resi stance, Ohmi c —T he true res is t
ance of a conductor due to its d imens ions
and spec ific conducting pow er, as dis tin

guished from the spurious res is tance produced
by a coun ter electromotive force . (SeeFor ce,
Electromot ive, Counter . Res i stance, Spur i

ous .)
The term ohmic resi stance must be regarded as

a pleona sm. Its use can on ly be permitted in
con tradistinction to coun ter electromotive force
resistance. True and spur ious resistance wou ld
seem preferable.

Resi stance or Cel l , Sel en ium -A
mass of crys ta l line selen ium, the res is tance of
wh ich is reduced by p lacing it in the form of

narrow s trips between the edges of broad
conducting pla tes of brass .

T he selen ium employed for this purpose i s the
vitreous var iety whi ch has been fused and ma in
tained for several hours at about 220 degrees C
by means of whi ch its res istance i s reduced .

By exposure to sun l ight, the resistance of a

selen ium cel l i s decreased fully one-ha lf its re

sistance in the dark. T he se len ium cel l is used
in the photophone. (See P/zotopfione . )

Resi stance or Reducteur for Vol tmeter.

—(See Reda cteur or Res i stance f or Vol t

meter .)
Resi stance, Secondary —A term

sometimes used in p lace of external secon

dary res is tance. (See Res i sta nce, Ex tern a l

Seconda ry .)

Resi stance Sl i de—(See Sl z
’

a
’
e, Resi st

a nce.)

Res i stance, Specifi c —T he part icular
res is tance wh ich a subs tance offers to the

pas sage of electric ity through it .
In absolute measure, the res is tance in ah

solute un its between the Oppos i te faces oi a
cen timetre cube of the given subs tance .

In the prac tical sys tem the res is tance g iven
in ohms .

Resi stance, Speci fi c Conduct ion

A term sometimes used ins tead of specific
res is tance. (SeeResi stance, Specifi c .)

Resi stance, Spec i fi c, of Li quids
T he res is tance of a given length (one cen ti
metre) and area of cross-sec tion (one s quare
cen timetre) of any l iquid a s compared w i th
the res is tance of an equa l length and cross

. sec t ion of pure s ilver.

T he resis tance of a few common l iquids and so

lutions is here given from Lupton :

Wa ter, pure, at 75 degrees C . x 108 ohms ,
i . e. ,

Water a t 4 degrees C x 106

Wa ter a t 1 1 degrees C x 105

D i lute hydrogen sulpha te (sul
phur ic acid) at 18 degrees
C ., 5 per cen t . ac id

Di lu te hydrogen sulpha te at

18 degrees C . , 3 per cen t.
acid ohms.

Nitric acid at 18degrees C .

densi ty
Sa turated solution of copper
sulpha te (blue vitr iol) at 10
degrees C

Saturated solution of zinc sul
pha te at 14 degrees C

Hydrochlor ic acid
,
20per cen t.

acid
,
at 18degrees C

Sa l ammon iac, 25 per cen t . salt
Common sal t, sa tura ted , a t 1 3
degrees C

It w il l be observed tha t the resis tance varies
cons iderably w i th differences of tempera ture .

Resi stance, Spur ious —A false re

s istance aris ing from the development of a

counter electromotive force . (See Res i st

ance, Fa lse. For ce, E lectr omot i v e, Coun

ter .)

T he spur ious res istance is a lso ca lled the fal se
resistance, in order to distinguish it from the true
or ohmic resistance. (See Res i s tance, El ectr i c. )

Res i stance, Standard -Ares is tance
used for comparison w ith or the determina
t ion of unknown res is tances .

Acomm ittee appoin ted by the Amer ican Insti
tute of Electr ica l Engineers in 1890 reported the
followi ng va lues for the standard resis tance of

copper w ire ; at 0 degree C . in B . A. U . and legal
ohms , v iz . :
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pulse to travel backwards and forwards along the
conducti ng w ires, i s exactly equa l to the time of

a complete osci l lation in the c ircuit, or when the
length of the open-circu i t w ires i s equa l to ha lf a
wave length , or some mu ltiple of ha l f a Wave
length .

T he fact that the length of the spark i s grea test
when certa in relations exist between the dimen

sions of the two circu its , shows tha t the time-rate
of an e lectr ical pulse in any c ircui t depends on

the d imensions of that c ircui t.
In the case of acoustic resonance, in order th a t

one tuning fork may be able to excite vibrations in
another, the fork produc ing or exci ting the vibra
tion must be s tr ictly in un ison w ith the fork in
which the vibrations are exci ted , and any varia
tions produced in the ra te of vibra tion of the

sounding fork
,
by overloading i t, or , in other

words, by a lteri ng i ts dimens ion s , checks the
effects of i ts resonance .

In a s imi lar manner , any al teration s in the di
mensions of the c ircui t, checks or diminishes the
effec ts of electric reson

ance in a neighbor ing cir
cu i t, which w as previ ously
in unison w i th i t. This
has been experimen ta l ly
shown by Hertz as fol

lows :
An induction coi l A,

Fi g . 492, has the terminals
of i ts secondary connected
to an open rectangular cir
cui t provided w ith spark
ing termina ls, 1 , and 2,

ca lled a sparkmicrometer.

Under cer ta in conditi ons,
when the discharge oc

curs at the terminals B ,

of the ordinary discharger , sparks a re produced
by electri c resonance in the elec tr ic resonator
formed by the spark micrometer at M .

Supposing, now , tha t a certa in characterof spark
is obta ined a t the terminals B , that is , a cer

ta in velocity of electr ica l pulsati ons is obtained
which depends on the na ture of the spark sup

pose , moreover, that the d imensions oi the spark
micrometer or elec tr ic resona tor are such tha t the
greates t length of spark i s obta ined . Then , any

a ltera ti on in the character of these sparks , be
tween the termina ls a t B , varies the in tensity of

the sparks in the spark m icrometer .

If, for example, the appara tus be arranged

Fig. 492. Elect r ica l

Resona nce.
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as shown in Fig. 493 , in whi ch one of the sec

ondary termina ls of the induction coi l has con

nected w ith it a copper wire i g h . T he sparks at
M ,

decrea se
,

considerably . When , however, the
conductor C ,

is connected W i th the free end H,

of this additiona l conductor , then thi s effect is
not observed , as is shown by the fact that when
the conductor C , i s a ttached at the point G, i t
produces no effect on i t.

In another experimen t w i th the same appara tus ,
ma tters may be arranged tha t the sparks in the

mi crometer c ircui t pass s ingly . When ,
now ,

an

o ther conductor C ’

, i s a ttached to K, a s tream of

sparks immedia tely passes .

It would appear , therefore, from the above ex

periments, tha t w hen two c ircu its are taken ,

having as nearly as possible the same vibration
periods , any a ltera tion in the dimen s ion s of e ither
wi ll preven t one from produc ing electrical reso

nance in the other.
In the above experiments Her tz demons trated

the follow ing facts , v iz .
,

T he sparks in the m icrometer circui t are

sma ller when the discharges take place between
points , or a poin t and a pla te , instead of between
knobs .

T he micrometer spa rks are feebler in rare

fied gas than in a ir a t ordinary pressures .

Extremely s light d ifi
'

erences in the nature
of secondary sparks produce con s iderable di ffer
ence in the length of the m icrometer Spa rks .

Hertz found the above resu l ts were obta ined
when the secondary sparks w ere of a br illi an t
color , and were a ttended by a sharp crack .

T he length of the spark in the m icrometer



Res .)

circui t varies wi th the length of the micrometer
ci rcuit.
Thi s, of course, follows from the fact tha t any

al tera tion of the length in the micrometer circu i t,
produces, by electrical retarda tion , a correspond
ing al tera tion in the time of the elec trica l pulses.

No efi
'

ect is produced in the length of the
micrometer spark by variations in the ma teria l ,
the resistance , or the diameter of thew ire forming
the micrometer c ircui t.
This is probably

.

because the rate of propaga
tion of electrical pulses a long a conductor , de.

pends ma in ly on the capacity of the conductor,
and on i ts co-effi cient of self-induction , and on ly
to a slight exten t on its resistance.

T he length of w ire connecting the microm
eter c ircu it w ith the secondary c ircu i t has but
l ittle effec t, provided such length does not exceed
a few metres .

Loca l disturbances, therefore, mus t traverse
conductors w ithout undergoing any appreciable
change .

T he position of the poin t on the micrometer
circui t connected w i th the secondary c ircu i t, i s of
the grea tes t importance .

When the po in t on the micrometer c ircui t i s
s itua ted symmetr ically w i th respect to the two mi

crometer knobs , var ia tions of poten tia l w ill reach
the termina ls in the same phase , and there w i ll be
but l ittle effect, as seen by the sparks between the
micrometer knobs . Such a poin t on the micromj
eter knobs is ca lled the nul l poin t, or it is ca lled as
in a corresponding case in acoustics , a noda l poin t .

(See Poi n t , Nu l l . Poin t , Noa
’

a l . )
When the conductors are of sufficien t

length , their approach produces disturbances in
a previously adjusted and quiet spark m icrom
eter, jus t as the approach of a conductor would .

Probably one of the mos t cur ious efi
’

ects con

nected w ith the phenomena of electr ical resonance
i s tha t poin ted out by Lodge , viz. : tha t when the
spark from a secondary c ircu i t is so placed tha t
the light i s visible from a micrometer circui t, the
effects of the discharge are grea tly increased .

Lodge also found tha t the light from burn ing
magnes ium w ire , or , in general , light r ich in the
ul tra-violet rays , produces the same efi

'

ect .

Resonator , El ectr ic -An appara tus
employed by Hertz in his inves t iga tions on

electric resonance. (See Resona nce, Elec

An electri c resonator consists essen tia lly of an
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open-circuited conductor , or circui tof such dimen
s ions tha t elec tro-magnetic waves or pulses are

propaga ted through it a t the same rate as those
which are occurr ing in a neighboring circui t
from which elec tro-magnetic radiation is tak

ing place . Under these circums tances electro.

magnet ic pulses are set up sympathetica lly by
resonance in the open c ircui t of the resonator , like
the sympathetic vibra tions in a tun ing fork , when
placed near another vibrating tun ing fork, which
i s giving off sound waves of exactly the same

peri ..d of vibration a s i ts own .

Resonator , El ectro-M agnetic —A
term appl ied to the Hertz spark micrometer,
in which elec tro-magnet ic waves are produced
byelec tric resonance. (SeeResona nce,E lec

tr i c .)

Resul tant—In mechanics , a s ingle forde
tha t represen ts in d irec tion '

and in tens i ty the
effects of two or more separa te forces .

T he separate forces are ca l led the componen ts .

(See Componen ts . )

Retardat ion .
—Adecrease in the speed of

telegraphic s igna l ing caused either by the

induc tion of the l ine conductor on i tself, or
by mutua l induction between it and neighbor
ing conductors , or by condenser action, or by
a l l .

The line must rece ive a certa in charge be fore
a curren t sen t in to i t a t one end can produce a

s ignal a t the other end . This charge w ill de
pend on the length and surface of the w ire, on the
neighborhood of the w ire to the ear th or o ther
w ires, and on the nature of the insula ting ma te
r ia l between the w ire and neighboring conductors .

This resul ts in a charge g iven to the w ire whi ch
i s lost as a cur ren t for s ignal ing. T he grea ter the
el ectros ta t ic capa ci ty of the l ine W ire, the grea ter
w il l be the retarda tion in s igna l ing . (See Capa

ci ty , Spcczfi c Induct ive. D i electr ic. Capaci ty ,

E l ectros ta t ic . Induction ,
E l ectr a-Dy nami c . )

Retarda tion in s igna l ing i s produced by the

follow ing causes

Self -Induct ion which produces extra cur

ren ts . (See Induct ion ,
Self . Cur ren ts , Ex tr a . )

T he ex tra curren t on making , reta rds the be
g inning oi the s ignal the extra curren t on break
ing, retards i ts stopping .

M utua l Induct ion between the line con .

duc tor and neighbor ing conductors .
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The M agn eti c Iner t i a or Lag , or the time
required to magnetize or demagneti ze the core of

the electro magnetic receptive devices used on

the l ine .

By Condenser Action , the cable ac ting as a

condenser .

Retardat ion , El ectri c A retarda
t ion in the s tarting or s topping of an elec tric
curren t , aris ing from self-induction . (See In
duct ion , Self . Reta rda t i on .)

Retardat ion , Inducti ve —Aretarda
tion in the appearance of a s ignal at the d is

tan t end of a cable , produced by the action of

induction . (See Reta rda t ion .)

Retardation , M agnet ic -Aretarda
t ion in the magnet iza t ion or demagnet iza t ion
of a subs tance due to magnetic lag . (See

Reta rda t i on . Lag , M ag net i c.)

Retardi ng , El ectr ical l y —Decreas
ing the speed of telegraph ic s ignal ing, by

means of induc t ion . (See Reta rda t i on .)

Retent i vi ty , M agnet ic —Aterm pro

posed by Lamon t in p lace of coerc ive force,
or the power posses sed by a magnetizable
subs tance of res is ting magnetizat ion or de

magnetiza tion . (See For ce, Coerc i v e.)

Return Ci rcui t—(See Ci r cu i t , Return.)

Return , Earth —(See Ea r t/z Re

turn )

Return Ground.
—(See Gr ound-Retur n .)

Return Wi re or Conductor .
—(SeeW i r e,

Retur n .)

Returns—In a system of d is tribution ,
those

conductors through w hich the curren t flow s
back from the elec tro-recept ive devices to

the source. (See L eads .)
T he word return s i s sometimes used in a sy s

tem of distribution by para llel circuits , to distin .

gu ish be tween the conductor by which the cur

ren t goes back or return s from the receptive cl e
vices to the dynamo ,

and the conductor tha t leads
i t to the receptive devices . T he term leads i s ,
however, often applied to both conductors .

Reverse-InducedCurrent—(See Cur rent ,
Rever se-Induced .)

[Rhe.

Reversed Currents—(See Cur r ents , Re

Reverser , Current —A sw i tch , or

other appara tus , des igned to reverse the di
rection of a curren t .

Revers ibl e B r idge—(See B r idg e, Rever

s iolo.)

Revers i bl e Heat —(SeeHea t , Rever si ble.)

Revers i bi l i ty of Dynamo.
—T he ab il ity

of a dynamo to opera te as a motor when tra
versed by an elec tric current. (See M otor ,

Revers ing Gear of El ectr i c M otor.
—(See

M otor , Electr i c, Rev er s i ng Gea r of .)

Revers ing Key .
—(See Key , Rev er s ing .)

Revers ing Key
'

oi Quadrupl ex Tel e

graph i c System.
—(See Key , Rev er s ing , of

Quadr up lex Teleg r apni c Sy stem.)

Rever sing M agnet ic Fiel d—(See F i eld ,

M ag net i c , Rev er s ing .)
Rll eochord.

—A word formerly employed
instead of rheos tat . (See R/i eosta t .)

Rheometer.
—A word formerly employed

for any device for mea suring the s trengt h of

a curren t.
This word is now obsolete and is repl aced by

the word ga lvanometer . (See Ga lvanometer . )

Rheomotor.
—Aword formerly employed

to des ignate any electric source .

This word i s now obsolete
,
and replaced by

the va rious names of the differen t electric sources .

(See Sour ce, E l ectr i c . )

Rheophore.
—Aword formerly employed to

indica te a portion of a c ircui t conveying a cur

ren t and capable of deflect ing a magnetic
needle p laced near it . (O bsolete )
Rheoscope.

—Aword formerly employed in
p la ce of the present word galvanoscope , for
an ins trumen t intended to show the presence
of a current , or its d irection , but not to

measure i ts s trength . (O bsolete )
Rheoscope, Physiol og ical —Asens i

t ive nerve-musc le prepara t ion employed to

determine the presence of an electric curren t .
(See Fr og , Ga lv anoscope.)
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Rings, El ectro-Chromi c —A term

sometimes app lied tometal lochromes . (See

M eta l loclzr omes .)

Ri ngs, Nobi l i
’
s —Aterm sometimes

used for meta l lochromes . (See M eta l lo

cbr oines .)
Roar i ng ofAra—(SeeAr c, Roa r i ng of .)

Rocker Arm.
—(SeeArm,

Rocker .)

Rocker , B rush —In a dynamo-elec
tric mach ine or elec tricmotor, any device for

sh ifting the pos ition of the brushes on the

cummuta tor cyl inder.

Rocker , M ul t ipl e
-Pa i r B rush -A

term sometimes used for mul tip le-pa ir brush
yoke . (See Yoke, M ul t ip le-Pa i r B r uslz.)
Rock er , Si ngl e-B rush —A device

by means of w h ich a s ing le pa ir of brushes
are so supported on a dynamo-elec tric ma

chine or elec tric motor, as to be capable
of being read ily shifted into the des ired
pos it ion on the commutator cyl inder.

Rocker , Singl e-Pai r B rush —A
term somet imes used for s ingle

-pair brush
yoke. (See Yoke, Sing le-Pa i r B r us l i .)

Rod Cl amp—(See Clamp , Rod .)

Rod , Cl utch —Aclutch or clamp pro
v ided in an arc lamp to seize the lamp rod and
thus arres t its fall , during feeding , beyond a
certa in predetermined poin t .
T he clutch or c lamp i s caused to release or hold

the lamp rod by the action of an electro-magnet
placed in a shun t c ircui t around the electrodes.
(See Lamp ,

Ar c
, E lectr i c. )

Rod, Di scharg i ng

prov ided at both ends
w ith ba l ls and con

nected at themiddle by
a sw inging join t w h ich
permi ts the bal ls to

move towards or from
one another, employed
for the d isrupt ive dis
charge oi Leyden bat
teries or conden sers .

(See D i sc/l a rg e, D i s
Fzg ° 4 95 '

R3
“ ka rgmg

r up t i v e. ja r , Ley den .)

T he insulated handles H , H , Fig. 495 , permit

—A join ted rod

[Bod.

the balls at M ,
M

,
to be readily applied to the

opposite coa tings of the jar or condenser .

T he name discharging tongs i s sometimes ap
plied to this appara tus .

Rod, Lamp —Ametal lic rod pro

vided in elec tric arc lamps for holding the
carbon elec trodes .

When the upper carbon on ly is fed , as i s the

case in most are lamps, there i s usuall y but one

lamp rod provided . T he clutch or d amp of the
feeding device acts aga inst this rod , which mus t .

of necess ity be at least as long as the upper carbon .

(See Lamp , Ar c, E lectr i c. )

Rod, Lightn ing —A rod, or wi re

cable of good conducting ma terial , placed on
the outs ide of a house or other s tructure, in
order to protect it from the effec ts of a l ight v

ning discharge.

Lightn ing rods were inven ted by Frankl in .

T he resu lts of a very extended inquiry on the

subject, leave no room for doubt tha t a l ightn ing
rod

,
proper ly placed and constructed , affords an

effi cien t protection to the bu ildings on which
i t i s placed .

T o in sure this protection , however , the fol

low ing conditions were, un til very recen tly , gen ,

eral ly insisted on in order to permi t the rod to

proper ly act, v iz

( I . ) T he rod, genera lly of iron or copper,
should have such an area of cross-section as to '

enable i t to carry w i thou t fus ion the heavies t bol t
i t i s l iable to receive in the la titude in which it i s
loca ted .

When of iron
, the area of cross-section shoul d

be abou t seven times grea ter than when oi
'

copper .

T he rod should be continuous throughout,
al l join ts being carefu lly avoided .

When join ts are used , they shoul d bemade of as
low res istance a s possible, and shou ld be pro-Q

tected aga inst corros ion .

T he upper extremity of the rod shou ld
termin a te in one or more poin ts formed of some

meta l tha t i s not readily corroded , such as pla
~

tinum or n ickel .
T he lower end of the rod should be car

r ied down into the ea rth un ti l i t meets perma
n ently damp or moist ground , w here i t shoul d
be a ttached to a fa irly extended meta llic surface
buri ed in the ground .

M eta ll ic pla tes w il l an swer for grounding the
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rod
,
but, if gas or water pipes are ava ilable, the

rod shou ld be placed in good electri ca l connec
tion therew ith , by w rapping i t a round and

sol der ing i t to such pipes .

This fourth requ iremen t i s of grea t importance
to the proper action of a l ightn ing rod ,

and un

less thoroughly fu lfi l led, may render the rod

worthless, no ma tter how carefully the other re

qu irements are a ttended to . Wh en a bol t strikes
a lightn ing rod w hich i s not proper ly grounded ,
the discharge i s a lmos t certa in to des troy the

build ing to which the rod is connec ted .

The rod should not be insula ted from the
“

bu ilding , un less to preven t stains from the ox i

dation of the meta l . O n the con trary , the rod

shou ld be directly connected w i th al l masses of

meta l in i ts pa th , such a s tin roofs , gutter spouts ,
meta llic corn ices , etc . In this way on ly can dan

gerons disruptive latera l discharges from the rod

to such masses of metal be avoided .

T he rod should projec t above the roof or
highest part of the bu ilding, or , in o ther words ,
the height of the rod shou ld bear a certa in pro
portion to the s ize of the bui lding to be pro

tected .

A rod w il l protect a con ica l space around it,
the radius of w hose base i s equa l to the vertica l
height of the rod above the gro

'

und , but whose
sides are curved inw ards instead of be ing stra ight .
Where the bu ilding i s very high , a number of

separa te rods a l l connected to one anotlzer should
be employed .

A light ning rod sometimes fa ils to protec t a
house or barn ,

from the fac t tha t a hea ted , ascend
ing curren t of air from a fi re in the house

,
or

from the gradua l hea ting of green hay or gra in in
the barn , acting as a conductor , increases the v ir
tua l height of the house beyond the ability of i ts

rods to protect it .
Astranded conductor i s much better than

an equa l cross-section of a sol id rod of the same

metal.
Acopper tape is better than a copper rod for

l ightn ing rods , because a rapidly per iodic current,
whose periodicity is sufi i c ien tly grea t , passes
practica lly over the surface of the conductor on ly .

Cons idering an electric curren t as taking i ts

energy from the surrounding dielectr ic , a tape is
better , because the surface which absorbs the
energy i s greater in the case of a tape than of a

solid rod . (See Law , Poy n ting
’
s . )

Al ightning rod more frequen tly acts to qu ietly
discharge an impending c loud by convective di s

[Rod.

c/za rge than by an actua l di srupt i v e di sc/za rge of

the same. (See D i sc/l a rge, Convect ive. Dis

c/za rge, D i srup tive. )
Lightn ing rods should be frequen tly tes ted to

see tha t no breaks or oxida tion of their join ts
have occurred .

Professor Lodge takes exception to some of the

heretofore genera lly received notions concerning
the action of l ightn ing rods . He distinguishes
between two dis tinct kinds of discharge tha t may
occur be tween a charged c loud and the ear th,
v iz

( I . ) Asteady s tra in or curren t.
An impuls ive rush or osci l latory dis charge.

Adischarge by a s tea dy s tra in or curren t oc

curs when the c loud gradual ly approaches a po in t
on the earth ; or , in the case of the c loud be ing
sta tionary , when i t receives i ts charge gradua lly
by the approach of another cloud .

In steady d ischarge, the l ightn ing rod , w i th i ts
poin ted end , e ither qu ietly discharges the c loud
by a convective discharge, or by a harmless con
ductive discharge through the rod , after a spark
has passed disrupti vely between the cloud and

the rod . (See D i scba rge, Conv ect iv e. Di s

cfia rge , Conductive . D i sc/l a rge, Di s r upt i ve. )

T he impulsive discharge or rush occurs w hen
ever the c loud tha t discharges to the ea rth re

ceives i ts charge sudden ly , as by the discharge
in to i t of a neighbor ing c loud , or when a bound
charge , produced by the presence of a neighbor
i ng charged cloud , i s sudden ly l iberated by d is
harge , and , thus becoming free , impulsi vely dis
charges to the earth .

In a l l cases of an impuls ive discharge or rush , a.
coun ter electromotive force i s set up in the rod ,

w hich resists the discharge through the rod and

causes the elec trici ty to rush back and spit off in
la tera l discharges . In this case the conducting
power o f the rod has no effec t in fac ilitating the

discharge. Indeed , the sma l ler i ts resistance , and
the longer the osc illations las t, the greater the
danger from la tera l discharges . (See D i sc/l a rge ,
La ter a l . Pa t/i , Al ter na tive . )
T he fo llow ing pr inciples advanced by Lodge

differ from the view s heretofore genera lly re

ceived , viz
Iron i s a better substance for a lightn ing

rod than copper , because i t is equa lly as good a.
conductor as copper for very rapidly a lternating
curren ts , and i s more diffi cul t to fuse .

Al l neighboring meta ll ic conduc tors should
be connected to ear th . These connecti ons should.
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preferably be by separate conductors rather than
by the rod i tself.

T he l ightn ing conductors should have a

good separate earth
,
but should be connected to

w ater pipes , gas pipes , etc . , i f near them, by an

underground connec tion .

T he li ghtn ing conductor should be de

tached from the bu ilding and not c lose aga inst i t.
T he rod should be of fla t section , or a

s tranded conductor .

Rod, Lightn ing, for Sh ips —A
sys tem of rods des igned to afford electric
protection for vessels at sea .

Since the lightn ing discharge takes place be
tween the poin ts of grea test difference of poten
tia l , and these po in ts are genera lly the c loud
and the nearest poin t of the earth, ta l l objects are
especially l iable to be struck .

Ships at sea should , therefore, be thoroughly
protected from l ightn ing.

In Harr is’ system of lightn ing protection for
ships , the rods are connected w i th a ser ies of

copper plates and rods so placed on the masts as
to readi ly yield to strains . These plates or rods
are electr ica lly connected w i th the copper sheath
ing of the vessel and w i th a l l l a rge masses of
meta l in the vessel . This latter precaution i s

espec ially necessary in the case of men-oi-war,

in order to protect the powder magazine.

Harr is’ method for the l ightn ing protection 0

ships was adopted on ly a fter very considerable
opposition . It proved , however , so effi cacious in
practice that serious effects of lightning on vessels
so protected are now a lmost unknown . In 1845 ,

Harris received the honor of kn ighthood from
the Engl ish Governmen t for his services in this
respect.

Rod, Lightn ing, Points on —Points
of inoxid izab le ma teria l , p laced on l ightn ing
rods , to effec t the qu iet d ischarge of a c loud by
convec tion s treams . (See Rod , n ntn i ng .

Convect ion , Electr i c.)
Rod, Thunder

used for l igh tn ing rod.

n i ng .)
Rods, B us —Heavy copper rods em

p loyed in a centra l or d is tribut ing s ta tion , to

w h ich a l l the term inals of the generat ing dy
h am

'

os are connec ted , and from which the cur
ren t passes to the differen t poin ts of the d is
tribution systemover the feeders .

—A term formerly
(See Rod , n nt

f
M achine—(See

Bus rods are often ca lled bus bars or bus w ires .

(See l/Vi res , B us . )

Rodding a Condui t. —(See Condui t , Rod

Rol l ing Contact—(See Con ta ct , Rol l i ng .)
Rose, Cei l ing —An ornamental ceil

ing p la te through wh ich an elec tric conduc tor
passes .

Rosette—An ornamental pla te prov ided
wi th contac ts connec ted to the termina ls of

the service w ires , and placed in a wa l l for the

ready a ttachment of the incandescen t lamp .

Aword sometimes used in place of rose.

Rosette Cut-0ut. —(See Cut-O ut , Rosette.)
Rotary M agnet i c Pol ar i zation .

—(See
Pola r i za t i on , M ag neti c Rota ry .)

Rotary-Phase Current—(See Cur r ent ,

Rota t i ng .)

Rotary-Phase Dynamo.

Rota ry
-Pause.)

Rotary-Phase M otor.
—(See M otor , Ro

ta t i ng Cur r ent .)
Rotary

-Phase T ransformer .
—(See Tra ns

(See Dy namo,

f ormer , Rota ry -Rna se.)
Rotat ing B rushes of Dynamo-Electric

B rusbes , Rota t i ng , of
Dy namo

-Electr i c M a clzi nes . )
Rotating Current. (See Cur rent , Rota

Rotating Current Fi el d—(See Fi eld,

Rota t i ng Cur r en t .)
Rotating Current M otor.

—(See M otor ,

Rota t ing Cur r ent .)
Rotat ing Current Transformer.

—(See
T r ansformer , Rota tory Cur r ent .)
Rotat ion , El ectro-M agnet ic —A

rota tion obtained by electro-magnetic a ttrae
t ions and repuls ions . (See D i sc, Ar ag o

’

s .

D i sc, Fa raday
’

s . M otor , Electr i c.)

Rotat ion , M agneto-Opt ic A rota
t ion of the p lane of polariza tion of a beam

of polarized l ight on its pa ssage through a

transparen t medium when placed in a s trong
magnet ic field.

T he medium on ly possesses such properti es
while in the field .



https://www.forgottenbooks.com/join


SaL]

Sal ient M agneticPol e
—(See Pole, M ag

n eti c , Sa l i ent.)
Sal ine Creep i ng.

-(See Creep i ng , Sa l i ne.)

Sal ts, El ectrol ys i s of -T he decom

pos ition of a sa l t into its electro-pos itive and

nega tive radical s or ions . (See E lectroly s i s .)

Sandy Depos i t , El ectro-M etal l urg ical

—(See D epos i t , Electr o-M eta l lurg i ca l ,

Saturated Sol ut ion.—(See Solut i on , Sa t

ur a ted .)
Saturat i on , M agnet ic

—T he max

imum magnetization w h ich can be imparted
to a magnetic subs tance .

T he cond ition of iron , or other paramag

netic subs tance , w hen i ts in tensi ty of mag

netizat ion is so grea t tha t it fails to be further
sens ibly magnetized by any magnetic force,
however great .

When the core of an electro-magnet i s sa turated
by the passage of an electric curren t

,
the on ly

further increa se of i ts magnetization tha t i s possi
ble, i s tha t due to the magnetic field of the in

creased curren t w hich may be sen t through i ts
coils. This is compara tively insign ifican t.
A permanen t magnet i s sometimes sa id to be

super-sa tura ted , tha t is, to have received more
magnetism than i t can reta in for any considerable
time after i ts magnetization .

In the sa turated fieldmagnets of a dynamo-elec
tr ic machine the magnetic densi ty i s seldom taken
a t a larger value than l ines per squa re cen
time tre of area of cross-section . But this i s on ly
pr a ct i ca l satura tion, s ince Ew ing has forced

lines per square centimetre by using an

enormously high magnetiz ing force (H

Saturation , M ag netic, Di acr i t ical Point

of —Aterm proposed by S. P. T homp
son for such a va lue of the co-effic ient of

magnet ic sa tura tion , tha t the core is mag
netized to exactly one-hal f its possible max

imum of magnetizat ion .

Saw, El ectr i c —A p latin ized s teel
w ire, employed w h ile incandescen t for cut

t ing hard subs tance.

Scal e, Tangent —A scale des igned
for use w i th a galvanometer, on w hich the

values of the tangents are marked, ins tead of

[Seh.

equal degrees as ordinarily, thus avoid ing the
necessity of find ing from tables the tangen ts
correspond ing to the degrees .

Such a sca le may be constructed as follow s
Draw the tangen t B T

, to the c ircle , Fi g . 497,

and lay off on i t any number of equa l divis ions
or par ts , a s , for example , the thirty shown in the
annexed figure . Connect these par ts w ith the

centre C , of the c ircle . T he arc of the c ircle w i ll

F ig . 497 . Ta ng en t Sca le.

thus be divided in to par ts propor tiona l to the

va lue of the tangents of the angles .

These parts are more nearly equa l the nearer

they are to B ,
and grow sma ller and sma ller the

fur ther they are from B . In tangen t ga lva
nometers i t i s therefore very difficul t to accurately
determine the curren t s trength when the deflec
t ion s of the needle are very large .

Scal e, Thermometer , Cent igrade A
thermometer sca le, in w hich the length of the

thermometric tube between the
'

melt ing poin t
of ice and the boil ing poin t of wa ter is d ivided
in to one hundred equal parts or degrees .

Cen tigrade degrees are indicated by a C thus
0 degree C . or 100 degrees C . , to distingu ish them
from Fahrenhei t degrees tha t are marked F.

In the Fahrenheit sca le the freez ing poin t of
water is taken at 32degrees, and the boiling point
at 212 degrees .

Scal e, Thermometer , Fahrenhei t’s

—Athermometer sca le in w h ich the length
of the thermometer tube between the melt ing
poin t of ice and the boil ing poin t of wa ter is
d ivided in to 180 equal parts ca l led degrees .

Fahrenhei t degrees are indicated by an F.,

thus , 32 degrees F.

T he freezing poin t of w a ter in Fahrenhei t’s
sca le i s marked 32 degrees F. , and the boi ling
poin t of wa ter i s marked 212 degrees F.

Schi seophone.
—An e lec tro-mechan ical ap

pl iance for detec ting flaw s and in ternal de
feets in ra ils or other meta ll ic masses .

T he schiseophone cons ists essen tially in the

combination of a microphone and telephone w i th
a mechanica l hammer and induction balance .
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Schweigger
’
s M ul ti pl ier .

—(See M ul ti

p l i er , Scnw ezgg er
’

s .)
Sc int i l lati ng J an—(See ja r , Scin t i l la t

i ng .)

Scratch B rush.
—(See B r uslz, Scr a tclz.)

Scratch B rush , Ci rcul ar —(See
B rus lz, Scr a tc/i , Ci r cu la r .)

Scratch B rush , Hand

Scr a tclz, Ha nd .)

(See B r a s/z,

Scratch B rush i ng—(See B r usb i ng ,

.Scr a tcl i .)
Screen , El ectr ic —Aclosed condue

t or p laced over a body to screen or protec t i t
f rom the effec ts of externa l elec tros ta tic fields .

An electr ic screen i s sometimes ca lled an elec
tr ic shield .

T he abili ty of a closed, hollow conduc tor to act
a s a screen , ar ises from the fac t tha t al l points on
its inner surface are at the same poten ti a l , and

t herefore a re not affected by an increa s e or de

c rease ih the potentia l of the outside of the con

ductor as compared w i th tha t of the earth. (See

Net , Fa raday
’
s . )

No cons iderable th ickness is required for the
effi cien t opera tion of an electr ic screen .

Screen , M agneti c —A hollow box

w hose s ides a re made of th ick iron, placed
a round a magnet or other body so a s to cut

i t off or screen it from any magnetic field ex

ternal to the box .

M agnetic screens are placed around del ica te

galvanometers to avoid any varia tion s in the ir
field due to extraneous masses of iron or neigh
bor ing magnets . They are a lso sometimes placed
a round w a tches to shield or screen the works
from the effects of magnetism.

T o ac t. effectively , when the externa l fields are

a t al l powerful, magnetic screen s must be made
-o i thick iron. They differ in this respect from
e lectrostatic shields, which w ill a fford protection

.aga inst elec trosta tic charges a lthough they may
be but mere fi lms .

Screen , M ethven
’
s —A vertical rec

tangular meta l lic screen used in connec t ion
w i th a s tandard a rgand burner, for fum ish
ing a s tan dard amount of l ight for photo
metric purposes .

In a rectangular screen a smal l vertica l slot i s
made of such dimensions as to permi t an amoun t

[Scr.

of light to pass just equa l to two s tandard candles .

T he proper burning of the argand lamp is de
termined by supplying sufficien t gas to produce
a flame exactly 3 inches high . T he glass
chimney used in the burner i s 6 inches high,
and is provided w ith two hor izonta l w ires placed
on each s ide of the burner at the required height .
M ethven

’
s screen possesses the advantage of

being ea sily used and of furn ishing a reliable
s tandard of light . Extended exper imen ts made
w ith it appear to show tha t the amoun t of l ight
produced depends ra ther on the height of the
gas flame than on the qua lity of the gas itself.
In us ing M ethven

’

s screen care should be taken
( I . ) T o see that the ga s flame is of exactly the

requi red height .
Tha t the chimney on the lamp i s qu ite

c lean .

That the top of the flame is as regu lar as

poss ible .

As this last point is a lmost impossible to obta in in
actua l practi ce , the flame is
adjusted so tha t the highest
poin t extends abou t one

e ighth of an inch above the
height of the hor izonta l
w ires .

That the lamp and

apparatus be permitted to
acquire i ts norma l temper
ature before the readings
are taken .

Fig . 498 show s the con
struction of the ordinary
M ethven standard screen .

T he vertica l s lot in the

screen i s placed as shown
before the standard argand P1I5 4 98 M et/we"?

burner . Horizon ta l w ires
for the adjustment of the height of the flame are
placed one on each s ide of the gas chimney.

Screen ing , E l ectrostat ic —Screen ing
or sh ield ing from the induct ive effects of a
charge.

Acon tinuous metal lic surface su rrounding an

a ir space to be shielded , completely protects any
body placed w i thin such a ir space from elec tro
stat ic influence . (See Cube, Fa r aday

’
s . )

Screen i ng, M agnet ic
—Preven t ing

magnet ic induc t ion from taking p lace by ln
terpos ing a meta l lic p la te, or a closed c ircu i t
of insula ted wire , between the body produc ing
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the magnetic field and the body to be mag
netica l ly screened.

A magnetic needle is screened from the ac tion
of the earth’s field by placing it , inside a hol low
iron box , which prevents the lines of force of the

earth’s field from pass ing through it by coneen

frating them on i tsel f. This action is dependent
on the fact that iron i s paramagnetic and there
fore offers the l ines of force less resistance
through i ts mass than e lsewhere . A plate of

copper would not effect any such magnetic
shielding or screen ing .

In any magnet ic field , however , in w hich the
strength of the field i s undergoing rapid , per iodic
var ia tions, a pla te of copper or other electric
conductor may a ct as a screen to protect neigh
bor ing conductors from the effects of magnetic
induction , and its abil i ty to thoroughly effect
such a screening w il l depend directly on .i ts

conducting power .

If, for example , the copper pla te c (Fig .

be interposed between a coi l of copper ribbon a ,

and the fine w ire coi l b, i t w ill grea tly reduce the
in tens ity of the induced curren ts , produced when
rapidly a lternating currents are sen t through a .

If, how ever , the copper plate be sli t, as shown to

the r ight at a , the screen ing effect is lost, but i s
rega ined i f the sl it be connected by a conductor.

Similarly a flat coil of insulated w ire effects no

screen ing action when open , but when c losed acts
as the uncu t copper pla te .

Here the screen ing acti on i s due to the fact
that the energy of the field is spen t in producing
eddy curren ts in the in terposed meta l screen or

coi ls . If the meta l screen i s discon tinuous in the
direc tion in which the eddy currents tend toflow ,

the in ability of the screen to absorb the energy as

eddy curren ts prevents its action as a screen .

Fig . 499.

T he word magnetic screen ing i s genera lly em
ployed in the latter sense of preventing magnetic

induction from occurring in a neighboring con

ductor , by in terposing some conducting substance
in whi ch eddy curren ts can be freely established .

As to the efficiency of the screen ing action , if the
makes-and-breaks do not follow one another very
rapidly

,
the fol low ing pr inciples can be proved

( I . ) If the screen ing materia l have absolutely
no elec trica l resistance i t w il l effect a perfec tmag

netic screen ing when placed betw een the pr imary
and secondary , no matter wha t i ts thi ckness
may be .

If th e screen have a fin i te conductivi ty ,
t he screen ing w ill be imperfect, un less the thick
ness of the ma teria l employed i s considerable .

If
, however , the makesa nd-breaks follow one

another very rapidly , then
T he screen ing effect of even imperfect conduc

tors w ill become man ifes t w ith comparatively
th in screens of meta l .
As to magnetic screen ing , therefore , i t fol low s

tha t the less the conductivity , the grea ter must
be the speed of reversa l, in order tha t the screen

ing action may be effective .

Where a screen of iron i s employed , an ad

di tiona l effect i s produced by the fact tha t the
sma ll magnetic resistance of the meta l

,
or i ts con

ductiv i ty for l ines of magnetic force, causes the
l ines of induction to pas s through i ts mass , and

thus eflec t a screen ing action for the space on the

other Si de . This action i s , by some, ca l led mag
netic screen ing .

In the case of iron screens , considerable thick .

ness is requ ired in the meta l plate , in order to
obta in efficien t screen ing ac tion of this la tter
character . O n accoun t of this action of iron

, in

conduc ting aw ay lines of force, a much sma ller
speed of reversa l i s requ ired , in order to obta in .

effective screen ing action , where plates of iron
are used , than in the case of plates of other
meta l .
T he apparatus shown in Fig . 500 w as employed

by M r . Willoughby Smith , in studying the effects

‘

of magnetic screen ing .

T he fla t coils A, and B , were employed for the
primary and secondary coils respecti vely , and

w ere connected to the ba ttery C , and the galva
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Secondary Cel L
—(See Cel l , Seconda ry .)

Secondary Cel l , J ar of —(Seeja r of
S econda ry Cel l .)

Secondary Cl ock—(See Clock ,
Second

a

Secondary Coi l .—(See Coi l , Seconda ry .)

Secondary Currents.—(See Cur r ents ,

Seconda ry .)

Secondary . Fixed —T he secondary
of an induct ion coil , tha t , as is common in

s uch coils , is fi xed , as con trad istinguished
from a movable secondary. (See Seconda ry ,

M ov aole.)

Secondary Generator.
—(See Genera tor ,

Seconda ry .)

Secondary Impressed El ectromot i ve
Force—(See For ce, Electr omot i ve, Second
a ry Impressed .)

Secondary , M ovab l e T he second
a ry conduc tor of an induct ion coi l , wh ich , in
s tead oi being fixed as in mos t co ils , i s mova
b le.

The pecul iar movemen ts observed in the

s econdary of an induction coil when the second
a ry i s free to move, have been carefully studied
by Prof. El ihu Thomson. T he secondaries
employed for this purpose are in the shape of

r ings, discs, spheres , wedges, bars, wheels , etc .
,

e tc .

T he pr imary i s in the form of a stra ight cy l in
d rical coil surrounding a straight core . T he coils
a re traversed by rapidly al terna ting currents and
possess cons iderable impedance .

Among the many phenomena concern ing the

behavior ofmovable secondar ies in such a rapidly
a lternating field are the follow ing, viz

Ametall ic r ing , resting on lugs a ttached
to the coils of the primary , i s thrown violen tly off
t he magnet on the passage of a l ternating curren ts
through the primary .

Two metall ic r ings of the same diameter
brought in to the field '

are mutua lly a ttracted to
e ach other , w ith sufficien t force to susta in the

weight of one of the r ings when the other ring is
held in the field .

M eta l lic spheres are set in to rota tion when
s o held near the pr imary pole as to be shielded

[Sec.

from the action of part of the rapidly a lterna ting
field . When held on one si de of the pole, this
rota tion occurs in the oppos i te. di recti on to that
when held on the oppos ite side .

M etall ic discs s imi larly placed are simi
larly set in to rota tion .

T he speed of rotation of spheres or discs
var ies in difleren t pos itions .

Spheres or discs of diamagnetic substances
a tta in their maximum rota tion when held in posi
tion at right angles to those of paramagnetic sub
stances .

Bars of steel or substances possessing high
coercive power , placed dissymmetr ically on the

primary as rega rds their centres of gravity , ex
bibit the phenomena of a shifting magneti c field.

(See Fi el d , M agn eti c, Slzift ing .)
Awedge-shaped piece of steel placed w ith

a flat face on the pr imary , exhibits a shifting
magnetic field , and acts on movable meta l lic
masses near i t, just as though a fluid substance
w as escaping w i th grea t veloc i ty from i ts edges .

Secondary M overs.
—(See M ov er s , Second

a ry .)

Secondar y Pl ate of Condenser.
—(See

Pl a te, Seconda ry , of Condenser .)

Secondary Sp i ral .
—(See Sp i r a l , Second

a ry .)

Secret ion Current—(See Cur r ent , Secre
t i on .)

Section Line of El ectr ic Rai lway—(See
Ra i l roads , Electr i c, Sect i on L i ne of .)

Section , Neutral , of M agnet —A
s ec t ion pass ing through the neutra l l ine or

equa tor of a magnet . (See L i ne , Neutr a l ,

of a M ag net . M ag net , Equa tor of .)

Sect ion , Trol l ey
—A s ingle con tin

uous leng th of trol ley w ire, w ith or w ithout
i ts branches .

Sectional or Di vided O verhead System
of M ot i ve Power for El ectr ic Rai l roads.

(See Ra i l roa ds , E lectr i c , Sect iona l O ver

nea d Sy stem of M ot i ve Pow er f or .)

Sect ional or Di vi ded Surface System of

M oti ve Power for El ectr i c Ra i l roads .

(See Ra i lroads , E lectr i c, Sect i ona l Surfa ce

Sy stem of M ot i vePow er f or .)
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Sect ional or Di vided Underground

Systemof M oti ve Power for El ectri c Ra i l
roads .

—(See Ra i l roa ds , E lectr i c , Sect i ona l

Underg r ound Sy stem of M ot ivePow er f or .)

Sectional Pl at ing—(See Pla t i ng , Sec

t iona l .)

Sectional Pl at ing Frame—(See F rames ,
Sect iona l Pla t ing .)

Seebeck Effect—(See Ej ect , Seebeck .)

Sei smograph , El ectr i c —An appa
ratus for elec trica l ly record ing the direc t ion
a nd intens ity of earthquake shocks .

Sei smograph , M icro —Ah elec tri c
a pparatus for photograph ical ly reg is tering
the vibra t ion s of the earth produced by earth

quakes or other causes .

T he m icro-seismograph consists essen tia lly of a
microphone placed on the ground and connected
w ith a telephone. Asmal l concavemirrormova
b le about a horizon tal axis i s suppor ted on a

pla te of a lumin ium supported on a pla tinum w ire
c onnected w ith the diaphragm of the telephone.

T he movemen ts of the diaphragm of the telephone
a re perman en tly recorded on a s tr ip of sensitized
paper tha t i s moved before the m irror .

Sel ecti ve Absorption .
—(See Absorp t i on ,

S electi ve.)

Sel en ium.
—A compara tively rare elemen t

g enera l ly found assoc ia ted w i th sulphur.

Sel en ium B attery.
—(See B a ttery , Selen

i um.)

Sel en i um Cel l . —(See Cel l , Selen i um

Sel en ium Eye
—(See Ey e, Selen i um

Sel en i umPhotometer .
—(See Pnotometer ,

S elen i um.)

Sel f-Induced Current—(See Curr en ts ,

S elf-Induced .)

Sel f-Induct ion.
—(See I nduct i on , Self .)

Sel f-Induct ion , Cc-efi i cient of —(See
I nduct i on , Self Co-efi ci ent of .)

Sel f-Recording M agnetometer .
-(S e e

M ag netometer , Self -Record i ng .)

Sel f-Reg i ster ing Wi re Gauge. (S e e

Ga ug e, Wi r e, Self-Reg i ster i ng .)

Sel f-Winding Cl ock—(See Clock , Self

[Sep.

Semaphore.
—Avariety

'

oi s ignal apparatus
emp loyed in railroad block sys tems .

T he semaphore used on the Penn sylvan ia Rail
road cons is ts oi a wooden post, in the neighbor
hood o i twen ty feet in hei ght, on which a wooden
arm or blade , six feet in length and a foot in
w idth

,
i s displayed .

When the block is c lear , dur ing the da y the

arm is placed pointing downwards at an angle of

75 degrees w ith the horizon ta l during n ight
semaphore displays a white l ight .

'

When the

block i s not clear , the arm or blade is placed in a

hori zon ta l pos i tion by day , or displays a red light
a t n ight . (See Ra i l r oads , B lock Sy s temf or . )

SemaphoreArm.
—(SeeArm, Semapnore.)

Semaphore Indicator .
—(See I nd i ca tor ,

Semap/zor e.)

Sender , Zi nc —A device emp loyed
in telegraphic c ircui ts , by means of w h ich , in
order to coun teract the retardat ion produced
by the charge given to the l ine , a momen-z

tary reverse curren t is sen t in to the l ine a fter
each s igna l .
Azinc sender genera lly cons ists of a low resis t

ance Siemens relay in troduced be tween the l ine
and the fron t con tact of the signal ing key .

Sens ibi l i ty, El ectro —An effect pro
duced on a sensory nerve by its elec trizat ion .

Sensi bi l i ty of Gal vanometer.
—(See Ga l

v a nameter , Sens i bi l i ty of .)
Sensi t i ve Thread Di scharge—(See D i s

cna rg e, Sens i ti ve Tbr ead .)

Separate Coi l Dynamo-El ectro M ach ine.

-(See M a c/zi ne, Dy namo-Electr i c, Sepa r a te

Coi l .)

Separate Touch , M agnetizat ion by
—(See Touc/z, Sepa r a te.)

Separatel y Exc i ted Dynamo.
—(See Dy

namo, Sepa r a tely Ex ci ted )

Separatel y Exc i ted Dynamo-El ectr ic
M ach ine.

—(See M a c/t i ne, Dy namo
-Electr i c,

Sepa r a tely Ex ci ted .)
Separator .

—An insula t ing sheet of ebon ite ,
or other s imilar subs tance , corruga ted and

perfora ted so as to conform to the outl ine of

the pla tes of a s torage bat tery, and p laced
between them at suitab le interva ls , in such a



manner as to avoid short-c ircuiting , w ithout
impeding the free circul ation of the l iquid .

Ser i es an d M agneto Dynamo-El ectr ic
M achine—(See M a cni ne, Dy namo-E lectr i c,
Ser i es a nd M ag neto.)
Ser ies and Separatel y Exci ted Dynamo

Electr ic M achine.
—(SeeM acni ne, Dy namo

E lectr i c, Ser i es a nd Sepa r a tely Ex ci ted.)

Ser i es and Shunt-Wound Dynamo-El ec
tr ic M ach ine.

— (See M a cnine, Dy namo

Electr i c, Ser i es a nd Snun t Wound .)
Ser i es Ci rcui t—(See Ci r cui t , Ser i es .)
Ser i es-Connected B attery .

—(See B a ttery ,

Ser i es Connected .)
Seri es-Connected E l ectro-Recept i ve De

v ices—(See Dev i ces , Electr a-Recep t i v e , Se

r i es Connected .

Ser i es-Connected El ectro-Recept i ve De
vi ces, Automat ic Cut-out for —(See
Cut-out , Automa t i c , f or Ser i es-Connected

E lectr a-Recept i ve D ev i ces .)
Ser i es-Connected Sources—(See Sour ces ,

Ser i es-Connected .)
Ser ies-Connected T ransl ating Dev ices.

—(See D ev i ces , T ransla ti ng , Ser i es-Con

nected .)
Ser i es-Connected Vol taic Cel l s—(See

Cel l s , Valta i c, Ser i es Connected .)
Ser i es Connection .

—(See Connect i on ,

Ser i es .)
Ser ies, Contact —Aseries of metals

arranged in such an order that each becomes

pos itively electrified by con tact w i th the one

tha t fol low s it .
T he con tac t va lues of some meta ls , according

toAyrton and Perry , are as follow s :

CO NTACT SERIES.

D if
'

er ence qf Potent ia l in Vol ts .

0 0 0 0 0

O O O O O O O O O O O O O O O

Cop er

Pla tinum Ser i es-WoundDynamo-El ectr ic M ach ine.

—(See M a c/zi ne, Dy namo-El ectr i c , Ser ies

Wound .)

T he difference in poten tia l betw een zinc and

carbon is equa l to and i s obta ined by add
ing the success ive differences of potentia l between
the intermedia te couples, thus :

.210 .069 . r4 .238 1 1 3

This fact is known techn ica lly as Vol ta
’
s Law ,

which may be formula ted a s follow s
Tne def er enceof poten tia 1, pr oduced by t/ze con

ta ct of any two meta l s , i s equa l to M e sum of t il e

dif er ences of poten t ia l s between t/ze in terv en ing

meta l s int il e con ta ct ser ies .

Ser i es Di str ibution of El ectr i ci ty by

Constant Currents—(See E lectr i ci ty , Se

r i es D i str ibut i on of , by Consta n t Cur r ent

Ci r cu i t .)
Ser i es-M ul t i pl e.

—A series of mul tiple
connec tions . (See Ci rcu i t , Ser i es-M u lt iple.)

Ser i es-M ul t ipl e Ci rcu i t. —(See Ci rcui t ,

Ser ies M ul t i pl e-Connected El ectro-Re
cept i ve Devi ces— (See D ev i ces , Electro-Re

cept i v e, Ser i es-M ul tzjole Connected .)

Ser i cs-M ul t i p l e-Connected Sources.

(See Sour ces , Ser i es-M u l tzjole-Connected .)
Ser i es-M ul t ipl e-Connected T ransl at i ng

Dev ices—(See D ev i ces , T ra ns la ti ng , Ser i es

M ul t iple Connected .)

Ser ies-M ul t i pl e Connect ion .
—(See Con

nect ion , Ser i es-M u l tzfi le.)
Ser i es , Paral l el —A term some

t imes appl ied to a multiple-series connection .

(See Connect ion , M ul tip le-Ser i es .)

Ser i es, Thermo-El ectr i c —A l is t of

metals so arranged accord ing to their ther
mo-elec tric powers tha t each meta l in the

series is elec tro-posd ive to anymeta l lower in
the l is t .
Ser i es-Transformer .

—(See T r a nsf ormer ,

Ser ies .)
Ser ies Turns of Dynamo-El ectr ic M a

chi ne.
—(See Turn-s , Ser i es , of Dy namo .

Electr i c M a ck i ne.)
Ser i es Wi nd i ng—(See Wi nd i ng , Ser i es .)
Ser i es-Wound Dynamo.

—(See Dy namo,
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Shel l , M agnetic —A sheet or layer
consisting of magnetic particles , al l of whose
north poles are s ituated in one of the flat

surfaces of the layer, and the south poles in
the opposi te surface . (See M ag net i sm, La

mel la r D i str i buti on of .)

Shel l Transformer .
—(See Transf ormer ,

Sh i el d , M agnet ic, for Watches —A
hol low case of iron , in wh ich a watch is per
manently kept , in order to shiel d it from the

influence of external magnetic fields . (See
Scr een , M ag net i c .)
Shi fting M agnet ic Fi el d—(See F i eld ,

M ag net i c, Sh ift i ng .)

Sh i fting Zero.
—(See Zero, Snift ing .)

Sh ips, Lightn i ng Rods for

Rod , n ntn ing , f or Snips .)

Ship
’
s Sheath ing , El ectr i c Protect ion of

—Attaching p ieces of zinc to the copper
sheathing of a sh ip for the purpose of preven t
ing the corros ion of the copper by the wa ter.

(See M eta ls , Electr i ca l Protecti on of .)

Shock , B reak —A term sometimes
employed in elec tro-therapeut ics for the

phys iolog ical shock produced on the opening
or breaking of an electric circui t .

Shock , El ectr ic —T he phys iologi cal
shock produced in an anima l by an elec tric
di scharge.

Shock , Open ing
—T he physiolog ica l

shock produced on the opening or breaking
of an electric c ircui t .

Shock , Stat ic —Aterm employed in
electro-therapeutics for a mode of app lying
Frankl inic currents or d ischarges , by p lac ing
the patien t on an insula ting s tool and apply
ing one pole of a s ta tic mach ine prov ided
w ith smal l condensers or Leyden jars , to an

insula ted pla tform
’

on wh ich the patien t is
placed , w hile the other pole is app l ied to the
body of the patient by the operator.

T he electrode applied to the body of the pa
tien t i s provided w ith a ba ll electrode. Shocks

[Shu.

Short-Arc System of El ectri c Light ing.

—(See L ig/ di ng , Electr i c, Snor t-Arc Sy s
tem.)

Short-Ci rcui t. -T o es tabl ish a short cir

cui t . (See Ci rcui t , Snor t .)

Shor t-Ci rcui t Key—(See Key , Snor t

Ci rcu i t .)

Short-Ci rcui ting.
—Es tabl ishing a short .

circuit . (See Ci rcu i t , Shor t .)

Sh o r t Ci rcui ti ng Pl ug.
—(See Plug ,

Snor t-Ci r cu i t ing .)

Short-Coi l M agnet—(See M ag net , Snor t

Coi l .)

Short-Core El ectro-M agnet. -(See M ag

net , Electr o, Snor t-Core.)

Short-Shunt Compound-Wound Dyna

i nc-E l ectr i c M ach i ne—(See M aclzi ne, Dy

n amo-Electr i c, Compound Wound , Snor t

Snun t )

Shunt.—An additional path es tabl ished
for the passage of an electric curren t or dis
charge .

Shun t.—T o es tabl ish an additional path
for the passage of an electric curren t or d is

charge.

Shunt and Separatel y Exci ted Dynamo
El ectr i c M ach i ne.

—(See M a c/zi ne, Dy namo

El ectr i c , Snunt a nd Sepa r a tely Ex ci ted .)

Shunt Ci rcui t.—(See Ci r cui t , Snuni .)

Shunt Dynamo-El ectr i c M ach ine—(See .

M a c/zi ne, Dy namo-Electr i c , S/zunt Wound.)

Shunt, El ectr ic Bel l —(See B el l
,

S/zun t , Electr i c.)

Shunt, El ectro-M agnet ic —In a sys

tem of telegraph ic communication an elec tro
magnet whose coils are placed in a shun t
circui t around the terminals of the receivi ng
relay .

T he elec tro-magnetic shun t operates by i ts

self-induction . Its poles are permanen tly closed
are given to the patient on the approach of by a soft iron arma ture so a s to reduce the res is t
thi s electrode by the discharge of the Leyden ance of the magneti c circu it. (See Induction ,

jars .



Shu.]

O n making the circui t in the coils of a receiv

ing relay , a curren t is produced in the coi ls of the
electro-magnetic shun t in the oppos i te di rect ion

to the relay curren t ; and . on breaking the c ircu i t
in the relay , a curren t i s produced in the coi ls of
the electro-magnetic shun t in the s ame di r ection

as the curren t in the relay .

T he connection of the coi ls of the electro-mag
neti c shun tw ith those of the receiv ing relay , how
ever , i s such tha t ou maki ng the c ircui t in the

relay the curren t in the shun t co ils flows through
the relay in the same direc tion , and on breaking
the circu i t it flow s in the opposite direction .

Therefore thi s shunt produces the follow ing effects :
At the commencemen t of each S igna l in

the receiving relay , it produces an induced cur

ren t in the same d irection which strengthens the
curren t in the relay .

At the ending of each s igna l in the receiv

ing relay , i t produces a curren t in the opposite
direction , which hastens the moti on of the tongue
of the polari zed relay . (See Rel ay ,

Pola r i zed . )

Shunt, Gal vanometer —A s h u n t
placed aroun d a sens itive galvanometer for
the purpose of protecting it from the effects
of a s trong curren t, or for a l tering its sens i

bili ty . (See Shunt .)

T he curren t which w il l flow through the shun t
w ire depends on the rela tive resistance of the ga l
vanometer and of the shun t . In order tha t on ly

1
1
3 , fi

l
m,

or
fi
l
m , of the

total curren t sha ll pas s
through the galvanome
ter , i t i s necessary tha t
the res istances of the

shun t shal l be the i n 55 ,

or w
i
th

of the ga lvanom.

eter res istance .

Fig. 502 shows a

shunt , in which the re

sistances , as compared
w i th tha t of the galva
nometer , are those above
referred to . T he ga lva
nometer terminals are Fig . 5 02. Ga lv a nometer

connected at N, N. Plug Shun t

keys are used to connect one or another of the

shun ts w i th the circuit . (See Shunt , AIul tip ly ing

Shunt, M agnet ic
—Ah additiona l

pa th of magnet ic ma terial provided in a mag

[Shu.

netic circuit for the passage of the lines of

force.

Shunt, M ul t ipl yi ng Power of -A.

quan tity, by w h ich the current flow ing through
a galvanometer provided w i th a shunt, mus t
be mul tipl ied , in order to g ive the tota l cur
ren t .
T he mul ti plying pow er of a shun t may be de

termined from the follow ing formu la , viz . :
S+ g

the mul
s

tiply ing power of a shun t w hose resis tance is s ;
g , i s the ga lvanometer res is tance ; C , the current

through the ga lvanometer , and A, the tota l cur
ren t pass ing ; s and g, are taken in ohms , and C

and A, in amperes .

Suppose , for example, tha t but f it the en ti re
curren t is to flow through the ga lvanometer ; then
the res istance of the shun t must eviden tly be i g,
for ,

s I r

s+ e
—

1To’

or
,
i o s= s+ g . 10 s 9 s= g ; or,

Shunt .
or Reducteur for Ammeter .

—(See
Reducteur or Shun t f or Ammeter .)

Shunt Ratio.
—T he ratio exis ting between

the shun t and the c ircui t w hich it shunts

(See Shunt , M ul tz
’

ply i ng Power of .)

Shunt , Rel ay , Stearns
’ —A shun t

employed in the d ifferen tia l method of duplex
telegraphy to short-c ircui t the relay and then
permit the l ine curren t to be cut off direc tly
after i t has completed its work in clos ing the

loca l c ircuit .
T he use of the relay shun t permi ts the slacken

ing of the armature spring of the relay , because
the decreased duration of the l ine curren t does
not produce so strong a magnetization of the

i ron .

Shunt Turns of Dynamo-El ectr ic M a

chine.
—(See Turns , Shun t , of Dy namo

Electr i c M a ch i ne.)

Shunt-Wound Dynamo-El ectri c M a

chine.
—(See M a ch i ne, Dy namo-Electr i c ,

Shunt Wound.)

Shunt~Wound M otor. (See

Shunt Wound .)

M otor ,



Shunting.
—Es tabl ish ing a shun t c ircuit.

Shuttl e

Shuttle.)

SideA, of Quadrupl ex Tabl e—(See Tan ,

Quadrup lex , A, Si de qf .)

Side B , of Quadrupl ex Tabl e—(See Table,
Quadr up lex , B , Side of .)

Si de Fl ash—(See F la sh , S i de.)

Si dero-M agnetic.
—(See M ag net i c, Si de

ro.)

Siemens
’ Armature El ectro-M agnet ic

B el l .—(See B el l ,Electra-M ag net i c , Si emens
’

Arma tur e Form.)

Si emens
’
Di fferent i al Vol tameter .

—(See
Vol tameter Si emens

’

D gf eren ti a l .)

Si emens
’ El ectr i c Pyrometer .

—(See Py
rometer , Si emens

’

E lectr i c.)

Siemens-Hal sk e Vol taic Cel l . -(See Cel l ,
Vol ta i c, Si emens-Ha l she.)

Siemens
’ Water Pyrometer .

—(See Py
r ometer , Si emens

’ Wa ter .)

Signal Arm.
—(SeeArm, S ig na l .)

Signal , El ectr ic Tel l-Tal c —Ah
electr ica lly opera ted s ignal , genera lly s ilen t ,
w hereby the appearahce of a w hite or colored
d isc , on a black or otherw ise un iformly
colored surface , ind ica tes the occurrence of

a certain predetermined even t.

Signal Service for El ectr i c Ra i lways.

(See Ra i lr oads , E lectr i c, S ign a l Serv i ce

Sy stemf or .)

Signal s, El ectro-Pneumati c —Sig
nal s opera ted by the movements of dia

phragms or p is tons moved by compressed
a ir, the escape of wh ich is control led electri

cal ly.

Signal i ng, B al l oon , for M i l i tary Pur

poses
—T ransmit ting in tel l igence of the

movements of an enemy ’

s army obta ined from
observat ions made in ba l loon s bymeans of tel
ephone c ircuits connected w ith the ba lloon .

Signal ing, Curb —In cable teleg
raphy a sys tem for avoiding the effec ts of

retardat ion by rap idly d ischarging the cab le
before another elec tric impul se is sen t into

Armature—(See Arma tur e,

[Sig.

i t, by revers ing the bat tery, before connecting
it to earth , and then connect ing to earth be
fore beginn ing the next s ignal .

Signal ing , Doubl e-Curb —In curb

s ignal ing , a method by w hich the cable, after
being connec ted w i th the ba ttery for sending
a s igna l , is subjec ted to a reverse ba ttery , but
instead of being put to earth after th is con
nect ion , as in s ingle

-curb s igna l ing, the bat

fery is again reversed and connected to earth.

T he time dur ing which the cable i s connected
to the reversed battery before being put to earth ,
that is , the time during which i t receives the
positive and nega tive currents , may be made of

any su itable dura tion .

Signal ing , Doubl e-Current —Signal
ing by means of curren ts tha t a l terna tely
change their direc tion .

Double-current s ignal ing w as devised by Var
ley in order to avoid the effects of the induction
of underground conductors on M orse tele
graphic appara tus . T he idea of reversing the

directi on of the cu rren t w as to hasten the d is

charge oi the w ire, which w as prolonged by in
duction . Double-curren t working , h owever ,
possesses other advantages, and i s used in duplex
and quadruplex tran smission.

Signal ing , Singl e—Cur b —In curb

s ignal ing , a method by w hich the cable, a fter
connec tion w ith the ba t tery for sen d ing a

s ignal , is subjec ted to a reverse ba t tery cur
ren t , and then put to earth before aga in being
connec ted to the bat tery for sending the next
s ignal .

Signal i ng, Single-Current —Signa l
ing by making or breaking the c ircui t of a

s ingle curren t .
Single-current s ignal ing is of two kinds , v iz
( I . ) Open -Ci rcui t Sign a l ing , in which the bat

teries are fixed at each station , and are in circui t
on ly when s igna ling .

Closed Ci r cui t Signa l ing ,
where the bat

feries are divided , one hal f genera lly being a t each
end of the line , and so connected tha t both sets
flow in the same direc tion .

Signal ing, Singl e-Current, Cl osed-Ci rcui t
—Asys tem of s ingle

-c ircuit s ignal ing in
wh ich the sending ba t teries are p laced a t

each end of the l ine and are so connec ted a s



https://www.forgottenbooks.com/join


Sin.] 478

Singl e-Wi re Ci rcui t—(See Ci r cu i t ,

Si ni strorsal Sol enoid or Hel ix.
—(See So

l enoi d , Si n i s tr or sa l .)

Sinuous Currents—(See Cur r en t , Si nu
ous .)

Si phon , El ectr ic —A s iphon in

wh ich the s toppage of flow , due to the

gradual accumulat ion of air, is preven ted by
elec trical means .

In the electric s iphon , an open ing i s provided
at the highest part of the bend of the s iphon tube,
and a chamber i s a ttached thereto, provided w ith
a floa t. Con tact poin ts a re so connected w ith the
floa t tha t when i t fa lls , con tact i s made

,
and when

i t r ises , contact is broken .

T he c los ing of the c ircu it, on the fa l l of the
float, opera tes an elec tric motor which dr ives an

a ir pump which exhaus ts the ai r from the s iphon .

O r the floa t being ra ised in the s iphon ,
the con

tact i s broken and the opera tion of the pump is
stopped .

Siphon Recorder .
-(See Recorder , Si

jihon .)

Si rWi l l i am Thomson’

s Standard Cel l .

(See Cel l , Val ta ic, Sta nda rd , Si r Wi l l i am

Thomson
’

s .)

Sk i n Effect—(See Ej ect , Sh i n .)

Sk i n , Farad i zation of —T he thera
peut ic trea tmen t of the skin by a ‘

faradic cur

ren t.
For efli cient faradiza tion the skin shou ld be

thoroughly dried and a meta l lic brush or e lec
trode employed . For very sensi tive parts , as,
for example, the face, the hand of the Opera tor ,
fi rs t thoroughly dried, is to be preferred as an

electrode.

Sk in , Human , El ectr i c Res i stance of
—T he elec tric res is tance offered by the

skin of the human body.

T he electr ic resistance of the skin i s subjec t to
marked differences in differen t par ts of the body ,
where its thickness or con tinu ity var ies . I t

varies s till more w i th var ia tion s in i ts condi tion of

moisture. Even in the same individua l the re

s istance var ies ma teria lly under appa ren tly
simi lar condition s .

Sl eeve, Insul at i ng —Atube of trea ted
paper or other insula t ing materia l , provided

[Sme.

for covering a sp l ice in an insula ted con-e

duc tor.

Sl eeve J0int.—(Seejoi n t , Sleev e.)

Sl eeve, Lead —Alead tube prov ided .

for making a join t in a lead-covered cable.

Sl ed.
—T he s lid ing con tac ts drawn a fter a

moving elec tric ra ilway car through the s lot ted
underground condui t con taining the w ires b r

conduc tors from which the driving current is

taken .

Sl i de B r idge—(See B r i dg e, E lectr i c»,

Sl i de Form of .)

Sl i de, Resi stance —A rheos tat, in .

w hich the separa te res is tances or coi ls a re

placed in or removed from a c ircuit by means
oi a s l id ing contact or key.

Appa ra tus employed in telegraphy for

charging a conduc tor to a g iven frac tion of

the max imum poten tial of the ba ttery so as

to adjus t its charge in order to balance the

varying charge of a cable.

T he resistance s lide cons ists essen tially of a set:

of resistance co i ls of high insu la tion and of equa l ,

resistance . Suppose, for example, ten such equa l
coils to be conn ected in ser ies , then i f connected .

to the charging ba ttery the poten tia l w ill vary by
one-ten th at the junction between each pa ir. A.

condenser, therefore, w il l be charged to any

number of ten ths of the po ten tia l of th e charging
ba ttery by connecting i t a t sui table poin ts .

A second set of co ils of equal res istance is ar

ranged so as to subdivide any of the lower coils , .

thus perm itting an adjustmen t to w ithin a hun f

dredth of the poten tia l of the battery .

Sl ideWi re—(See Wi r e, Sl i de.)

Sl i ding Contact—(See Con ta ct , Sl i d i ng .)

Sl ow-Speed El ectr ic M otor .
—(See M otor ,

E lectr i c , Slow-Speed .)

Sl ugg i sh M ag net—(See M ag net , Slug

g i sh .)

Smal l Cal or i e—(See Ca lor i e, Sma l l .)

Smee Vol ta ic Cel l . —(See Cel l , Vol ta i c,

Smee.)

Smel t i ng , El ectro T he s epara tion
or reduction of meta l l ic subs tances from their “

ores by means of electric currents .
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Snap Swi tch
—(See Sw i tch , Snap .)

Soak ing-In .
—Aterm sometimes emp loyed

by telegraphers to represen t the gradua l
penetra tion of an elec tric charge by a ne igh
boring dielec tric.

An electr ic displacemen t occurs in the neigh
bor ing dielectr ic , and produces thereby what is

genera lly ca lled the res idual charge.

Soak ing-Out—A term sometimes em

ployed by telegraphers to represen t a gradual
d ischarge wh ich occurs in the case of a

charged conduc tor in a neighboring dielec
tric .

When a condenser
,
or o ther s im ilar conduc tor ,

is d ischarged , the discharge is not instan taneous .
T he charge which soaked in , gradua lly recovers ,
or soaks-out.

Socket, El ectr ic Lamp —A support

Fig . 5 03 . La w) Sao/l e i .

for the reception of an incandescen t e lec tric
lamp .

Incandescen t lamp sockets are genera lly made
so tha t the mere insertion of the base of the lamp

in the socket comple tes the connec tion of the lamp
termi na ls w ith the termina ls of the socket. T he

[So].

socket termina ls are connected w i th the leads that
supply curren t to the lamp ; the remova l o f the
lamp from the socket automati ca l ly breaks i ts c ir

cu i t. T he socket is genera lly provided w ith a key
for turn ing the lamp on or off w ithou t remov ing
i t from the socket.
Figs . 503 and 504 show forms of lamp sockets

for incandescen t lamps and the deta ils of the key
for connecting or disconnec ting the lamp w i th the
leads.

Socket, Wal l —Asocket p laced in a

wal l and provided w ith open ings for the inser
tion of a wa l l p lug w i th w hich the ends of a

flexib le twin-lead are connected .

A wa l l-socke t perm i ts the temporary connec

tion of a portable e lectric lamp
,
a push button or

other device w ith the conductor or lead .

Soft-Drawn Copper Wi re—(See Wi r e,
Copper , Sof t-Dr aw n .)
Sol der i ng , El ectr ic —A process for

obta ining meta ll ic joints , in which hea t gen
cra ted by the electric curren t is used to mel t
the solder in the p lace of ordinary hea t .
Sol enoi d.

—Acyl indrical coil of wi re the

convolutions of w h ich are c ircular.

An elec tro-magnet ic hel ix . (See Solenoid ,
E lectr a-M ag net i c, or Electr a-M ag net ic

A solenoid i s termed dextrorsa l or s in istrorsa l
according to the directi on in which i ts w ire i s
woun d . (See Sol enoi d , D ex tror sa l . Sol enoid,

Sini str or sa l .)

Sol enoid Core—T he core , usua l ly of soft
i ron , p laced w i th in a soleno id and magnet ized
by the magnet ic field of the curren t pas s ing
t hrough the solenoid .

T he soft iron core of a solenoid differs from
tha t of an electro-magnet in the fac t tha t the core

of the solenoid is moi/awe , w hile tha t of the elec
tro-magnet i s fixed .

’

(See M agnet , E lectr o . )
In order to obta in a nearly un iform pul l in i ts

various pos ition s in the solenoid , the soft iron cores
are made of a shape which insures a grea ter mass

o f meta l tow ards the m iddle of the core. (See

B a r s
,
Kr i z ih

’
s . )

Sol enoi d , Dextrorsal —A solenoid
in w hich the w inding is right-handed. (See
Solenoi d , Pr a ct i ca l .)
Sol enoi d , El ectro—M ag net ic , or El ec tro

M agnet ic Hel i x —T he name gi ven to
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a cyl indrica l coil of w ire, each of the convo
lutions of which is circular.

A c ircu i t ben t in the form of a helix , suppor ted
a t i ts two extremi ties , a s shown in Fig. 505 , and

traversed by an electr ic curren t, w il l move in to
the magneti c meridian of the pla ce, and, i f free to
move in a verti ca l plane, w il l come to rest in the
lin e of the magnetic in cl ina tion or dip of the place.

A solenoid traversed by an e lectr ic curren t ac
quires thereby al l the proper ti es of a magnet , and
i s a ttracted and repel led by o ther magnets. Its

poles are s ituated a t the ends of the cyli nder on
w hich the solen oidmay be supposed to be wound.

Sol enoi d, Ideal —A solenoid con

s is ting of a cyl inder buil t up of a number of
true c ircular curren ts , w ith a ll faces of l ike

polari ty turned in the same direction and

entirely independen t of one another.

The practi ca l solenoid differs from the idea l

solenoid in tha t the success ive circu lar c ircuits or
curren ts are all connected w i th one another in
ser ies .

T he polarity of a solenoid depends on the direc
tion of the cur ren t as regards the direction in

which the solenoid i s wound.

This solenoid i s sometimes called an electro
magn etic solenoid or hel ix , in order to dis tinguish

Pr actica l Solenoid.

(See M agnet ,

Fig . 5 05 .

i t from a solenoida l magnet .

noi da l . )
Asolenoid , i f suspended so as to be free to

480 [So].

Sol enoi d , Pract ical —T he name ap
pl ied to the ordinary solenoid in order to dis
tinguish it from the ideal solenoid . (See
Sol enoi d , I dea l .)
A Pr a ct i ca l Solenoid consists , as shown in Figs .

Fig
“

. 5 06 . Pr a ct i ca l Solenoid .

505 and 506 , of a sp iral coi l of w ire in which the
success ive c ircul ar circui ts a re conn ected to one

another in series.

move, w ill come to res t in the plane of the mag

ne tic mer id ian when tr aversed by an electric
curren t.
It w ill also be a ttracted or repelled by the ap

p roach of a diss imilar or s imi lar magnet pole
respectively, as shown in Fig. 505 .

Sol enoid, Left-Handed —As inistror

sa l solenoid or one in wh ich the w ind ing is
left-han ded. (See Solenoi d , Pr a ct i ca l .)
Sol enoi d, M agnetic —A sp ira l coil

of w ire w h ich acts l ike a magnet when an

elec tric current pas ses through it .
The magnetic solenoid mus t be distinguished

from a solenoidal magnet. (See M agn et , Sole

noida l . Solenoid, E lectr o-M agneti c, or E lectra .

Fig . 5 07 . Rig ht-Ha nded Hek
‘

x
,
Fig . 5 08. Lef t-Ha nded

Hel ix . Fig . 5 09. Hel i x , w i th Con sequent Poles .

T he polari ty of the solenoid depends on the

di rection of the cur r en t
,
and theref ore on the

di rect ion of w inding . In any solenoid , how ever,
the pola r i ty may be r ever sed by revers ing the

direc tion of the curren t. (See M agnet , E lectr a. )
A Right-Handed, or Dex tror sa l Solenoid, is one

w ound in the direc tion shown in Fig . 507 at I .
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that is , the to-and-fro motions are a t r ight angles
to the di recti on in which the light is traveling.

Sound. T he w aves in the
a ir or other medium which produce the sen

s a t ion of sound .

Soun d . T he effect pro
duced on the car by a v ibrating body.

Sound,Absorpt ion of —Acous tic ah

s orp tion . (SeeAbsorpti on , Acoust i c .)
Sound, Character i st i cs of —T he

pecul iarit ies tha t enab le differen t mus ical

sounds to be di s t inguished from one another.

T he charac ter istics of musica l sounds a re
( I . ) Th e Tone or Pi tch

, according to which a

sound i s e ither grave or shrill .
T he In ten s i ty or Loudness

,
according to

which a sound i s ei ther loud or feeble.

T he Qua l i ty or T imhre
, the pecu l iari ty

which enables us to distingu ish be tween two

sounds of the same pitch and in ten sity , but
sounded on differen t instrumen ts , as for example ,
on a flute and on a piano .

Sound, Qual i ty or T imbre of
' —T ha t

pecul iari ty of a mus ical note w h ich enab les
us to dis tinguish it from another mus ica l note
of the same tone or pitch , and of the s ame

in tens ity or loudness , but sounded on another
ins trumen t.
T he middle C , for example , of a pianoforte, is

readily distinguishable from the same note on a

flute , or on a viol in ; tha t i s to say , i ts qual ity i s
di fferen t . The differences in the qual i ty of mus i
cal sounds are caused by the admixture of addi
t
i

onal sounds ca l led ov er tones which are a lways
assoc iated w ith any musica l soun d .

B r iefly , nearly all so-ca lled s imple mus ical
sounds are in rea l ity chords or assemblages of a

number of differen t mus ica l sounds .

In the case of the many d ifl
'

erent notes tha t are
presen t in an apparen tl y s imple note or tone, one
of the notes is far louder than all the others and i s
ca lled the f undamen ta l tone or note, and is wha t
is recogn ized by the ear as the note proper . T he

others are ca l led the over tones . T he over tones
a re too feeble to be hea rd very distinc tly , but
their presence gives to the fundamen ta l note i ts
own pecul iar quali ty . In the case of a note
sounded on the flute, these overtones are dif
ferent either in number or in their rela tive in ten si
ties from the same n ote sounded on another instru

482 [Sow

Fig 5 1 0. M or se Sounder .

T he M orse sounder
,
shown in Fig . 5 10, con

s ists of an upright electro-magnet M ,
whose soft

iron armature A,
i s r igidly a ttached to the s triking

lever B , working in adjustable screw pivots as

shown . T he free end of the lever i s l imited in i ts
strokes by two set screws N,

N . T he lower of

these screws is set so as to l imit the approach of

the arma tureA,
to the poles of the e lec tro-magn et ;

the upper screw i s set so as to give the end B ,

suffi c ien t play to produce a loud sound . A re

tracti le spring , a ttached to the s tr iking lever nea r
i ts pivoted end , and provided w ith regula ting
screw S S, pulls the lever back when the curren t
ceases to flow through M .

T he dots and dashes of the M orse alphabet are
reproduced by the sounder

, as audible signa ls,
tha t are distinguished by the opera tor by means

of the different sounds produced by the up and

down s troke of the lever a s wel l as by the d iffer .

men t. Their fundamen ta l tones , however ,
'

are

the same .

T he pecu l iari ties which enable us to dis tingu ish
the voice of one speaker or s inger from another
are due to the presence of these overtones . T he

overtones mus t be correctly reproduced by the

diaphragm of the telephone
,

or phonograph,
graphophone, or gramophone , i f the articul a te
speech i s to be correctl y reproduced w ith al l i ts

character istic pecu liar ities .

Sounder , M orse Tel egraphi c
—An

electro-magnet w h ich produces audib le
sounds by the movements of a lever a ttached
to the arma ture of the magnet .
The M orse sounder has n w a lmos t en tirely

supplan ted the paper recorder or regis ter. O n

shor t lines i t is placed directl y i n th e telegraphic
c ircui t . O n long l ines i t i s opera ted by a loca l

ha ttery , thrown in to or out of the action by the
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e nce in the in tervals of time between the succes

s ive s ignals.

Another form of telegraphic sounder , s imilar
in i ts genera l con s truc tion to tha t a lready de
scribed , i s shown in Fig . 5 1 1 .

Fig . 5 1 1 .

.

Telcg r a‘t hz
’

c Sounder .

Sounder , Repeating —A telegraph ic
sounder w hich repeats the telegraphic dis

pa tch into another c ircuit.

Sounds, M agnet ic —Fai n t c l icks

heard on the magne tiza tion of a readily mag

netizable subs tance.

O ne Of the ear l ier forms of Reis’ telephone,
Opera ted by means of a rapid success ion of these
fa in t magne tic sounds .

Source, El ectr i c —Any arrangement
capab le of ma in ta in ing a di fference of poten
t ial or an elec tromot ive force.

T he follow ing are the more importan t electric
sources, arranged according to the character Of
t he energy which is converted in to electric
e nergy .

ELECT RIC SOURCES.

I . Volta ic Cel l or Pr imar y
Ba ttery .

2. Charged Storage Cell or
Secondary B a ttery .

Thermo Cel l or Thermo
Ba ttery .

Selen ium Cel l or Sele
n ium Ba ttery .

M agneto Electr ic
chine .

Dynamo-Electric M a

chine .

Fr ictional Electric M a M echan ical
chine . Energy .

Elec trosta tic Induction
M achine .

M agneto-Electri c Tele
phone Transmi tter.

Chemica l Poten
tia l Energy .

Radiant Energy .

Pyromagne tic Genera tor

An ima l or Plan t

ll .

Sources, M ul tipl e-Arc-Connected
Aterm somet imes app l ied to sources connec t
ed in mult ip le . (See Sour ces , [Mul t iple-Con
nected .)

Sources , M ul t i pl e-Connec ted —T he
connec t ion of a number of separa te sources

s o as to form a s ing le source by join ing the

pos itive poles of al l the separa te sources to a

s ingle pos i t ive lead or conduc tor, and a ll the

nega tive poles to a s ingle negat ive lead or

conduc tor.

T he multiple conn ection of sources resul ts in
each of the sources discharging i ts curren t in to
the ma in conductor in a direc tion para llel to
tha t of the other sources .

T he electromotive force in the same is tha t of
any single source, but the res istance of the com

bined source decreases w ith each source added .

Suppos ing the resistance of each source be the

same, then i f ten such sour ces are conn ected in
multiple -arc , the resistance of the combined source
i s but one ten th the resistance Of a single source .

(See Ci r cui t , M u l t iple. )
Sources are combined in mul tiple-arc whenever

the curren t furn ished by the separa te sources is

insufficien t to properly Opera te the e lec tro-recep
tive or translating device w i th which it is con

n ected .

Sources, M ul ti pl e-Ser i es-Connected

—T he conection of a number of separa te
sources so as to form a s ing le source by con
nect ing a number of the sources in groups
i n series , and join ing these groups together
in mul t iple-arc .

T he battery of sources obta ined by connecti ng
a number of separate sources in multiple-ser ies
w i l l have an electromotive force equa l to the

sum of the separa te electromotive forces of the

sources connected in any of the separate ser ies
connected groups .

T he curren t produced w i ll be grea ter in propor .

t ion to the number Of separa te groups in para llel.
T he interna l resistance w ill be increased in pro

portion to the number of coils in series , and de
creased in proportion to the number of groups in
multiple-arc or parallel.
Sources are connected in mul tiple-seri es when

both the electromotive force and the curren t of
any single source are insuffi cien t to Opera te the
electro-receptive or transla ting device. (See

Ci rcui t , M ul t ip le Ser i es . )
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Sources, Paral l el Connected —A
term sometimes applied tomul tiple-connected
sources . (See Sources , M ul tip le-Connected .)

Sources, Ser i es-Connected -T he

connect ion of a number of separ ate elec tr ic
sources so as to form a s ingle source , in

w h ich the separa te sources are placed in a

s ingle l ine or c ircui t by so connecting their op
pos ite poles tha t the curren t produced in each

passes success ively through each Of the

sources.

The series-connection of sources resul ts in an

e lectromotive force equa l to the sum of the sepa
rate elec tromotive forces produced by each
source—tha t is , a r ise of poten tia l occursw ith each
source added. This connection increa ses the re

s istance of the circui t by the amount of the res ist
ance Of each source in troduced in to the c ircu it.
T he va lue of the resu lting current depends on the
tota l electromotive force and res istance of the

series-connected sources .

Sources are connected in seri es when the

electromotive force furn ished by a s ingle source

i s insuffic ien t for the character of work requ ired
to be done. (See Ci rcu i t , Ser ies . )

Sources, Ser i es-M ul t ipl e-Connected

—T he connec tion of a number of s epara te
electric sources , so as to form a s ingle source ,

in w hich the separa te sources are connec ted
in a number of separa te mu lt ip le group s or

c ircuits , and t hese groups or c ircuits separ
a tely connected together in series . (See Ci r

cu i t , Ser i es-M ul t ip l e.)
Southern Light—Aname sometimes g iven

to the AuroraAus tra l is . (SeeAur or a Aus

t r a l i s .)

Space, Cl earance —T he space be

tween the revolv ing armature of a dynamo

elec tric machine , or e lectric motor, and the

polar faces of the pole pieces .

Space, Dark , Crookes
’ —A dark

s pace surround ing the nega t ive electrode in a

rarefied Space through wh ich electric dis

charges a re pass ing .

Crookes’ dark space l ies immediately between
the nega tive electrode and i ts glow or luminous
discha rge. It d ifl

'

ers , therefore, from Faraday’s
dark space, which lies between the luminous dis
charges O f the nega tive and posi tive electrodes .

[Spa.

T he radi us of Crookes’ dark space increases
w i th the degree of exhaus tion . It varies a lso
wi th the character Of the res idua l gas, wi th the
temperature Of the nega ti ve electrode, and some

wha t w ith the intens ity of the spark . When the
vacuum becomes suffi ciently high , the dark space
fi lls the en tire tube through which the discharges .

are passing.

Crookes has found tha t in the case of substances
tha t become phosphorescen t under the electric
discharge, phosphorescence best takes place when
the body i s placed on the boundary of the dark .

Space .

Space, Dark , Faraday
’
s T he gap

in the continui ty of the luminous d ischarges
that occurs between the glow of the pos itive.

and nega tive e lectrodes .

Faraday’s dark space i s seen in a partia lly ex
hausted tube through which the discharges of

'

an induction coi l are passing . It occurs in as

l ow a vacuum as 6 mill imetres of mercury .

As the vacuum becomes higher , the length of the

dark space increa ses.

Space, Inter
-Ai r —A term some

t imes employed for the a ir space between the
outer surface of the revolving arma ture of a

dynamo-electric machine and the adjacent
faces of the pole p ieces . (See Spa ce, Clea r

a nce.)

Space, Interferr i c Aterm some

t imes used for ai r gap. (See Gap , Ai r .)

Span Wi re.
—(See Wi r e . Spa n .)

Spark Coi l .
—(See Coi l . Spa r /c.)

Spark Gap—(See Gap, Spa r /e.)

Spark , Length of —T he leng th of
"

Spark tha t passes between two charged con

ductors depends
O n the difference of potentia l between .

them.

O n the character Of the gaseous medium .

tha t separates th‘e two conduc tors .

O n the dens ity or p ressure Of the gaseous .

medium between the conduc tors.

Up to a certa in pressure , a decrease in the

density causes an increa se i n the length of the

distan ce the Spark w il l pass . When this limi t i s
reached , a further decrease Of dens ity decreases
the leng th Of spark . A high vacuum p reven ts
the passage of a spark even under grea t differ
ences of potentia l.
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e ffects of spark were Obta ined in these experi

ments . When a disturbance Of the ba lance ex

i sts and a spark i s Obta ined a t a , the character of

the spark i s differen t from that of the Leyden jar
discharge. It appears to be less luminous , the
noise les s sharp , and i ts color would indica te a

grea ter power of vola til izing meta l and perhaps a

greater dura tion . It iS in par t, no doubt, due to
a current loca l to the coils in ser ies w ith one an

other .

“ Another cur ious effect was the production of

T -shaped and Y-shaped sparks , or three
branched sparks (such as are shown in Figs . 5 13

and

These were obtained by separating the elec
trodes a t A, an inch and a ha l f or thereabouts ,
and bringing the third electrode from the outer
coi l to the pos iti on shown in Fig . 5 13 . T he d is

charges were now Obtained as before from the

charged jar . In this case the discharge appears
to split and un ite in ai r, producing the cur ious
shaped sparks shown . It would seem that to oh

ta in these effects—particularly the sparks which
were three-branched from a common poin t in the
cen tre betw een the discharge electrodes—the
dielectr ic a ir must break down s imu l taneously be
tween the three electrodes. It would easily ex
pla in the T -shapes to assume the straight part
above to form first, and the cross or transverse
spark to s tr ike from the s ide of this spark to the

third electrode .

”

Spark Tube—(See Tuhe, Spa r/é.)
Spark , Wipe —In an electric gas

l ighting pendan t burner, a Spark Obtained
from a spark coil by the w iping con tac t of a
s pring , moved by the pul l ing of the pendan t .

(See B urner , Ra tchet-Pendant, E lectr i c.)

Spark ,Y-Shaped —Avariety of three
branched spark obta ined by the d ischarge of

a Leydenjar through a pecul iar form of induc
t ion coil . (See Spa r /é, Thr ee-B r a nched .)
Sparking Di scharge—(See D i scha rg e,

D i srup t i ve.)
Spark i ng Di stance. (See D i sta nce,

Spa rk i ng .)
Spark ing , Li ne of Least —T he l ine

on a commuta tor cyl inder of a dynamo con

necting the points of contac t of the col lec ting
brushes where the sparking is a minimum.

In some forms of dynamos the l ine of least

[Spe

sparking l ies paral lel to the lines of magnetic

force of the field .

In most forms, however , i t is a t r ight angles to
such lines . T he exact posi tion of al l these l ines
i s changed by the angular lead of the brushes .

(See Lead , Ang le of . )

Spark ing of Dynamo-El ectr i c M achi ne.

(See M a cfzi ne, Dy namo-Electr i c, Spa rk i ng

Spar Torpedo.
—(See Torpedo, Spa r .)

Spasmodic Governor .
—(See Governor ,

Sfi a smod i c .)

Speak i ng-Tube Annunci ator .
—(SeeAn

nunci a tor , O r a l or Speak i ng Tube.)

Speak i ng-Tube M outh Pi ece, El ectr i c
Al arm —Amouth p iece for a speaking
tube, so arranged , tha t the movement of a

p ivoted p la te covering the mouth p iece au

toma tica l ly rings a bel l
’

at the other end of

the tube.

Spec i fi c Conduction Resi stance.

Res i sta nce, Specific Conduct i on .)

Spec i fi c Conducti vi ty. (See Conduc

t ivi ty , Sfi eczfi c .)

Speci fi c Heat—(See H ea t , Specific .)

Specifi c Heat of El ectri ci ty .
—(See Elec

tr i ci ty , Spec ifi c H ea t of .)
Spec ifi c Hysteresi al Di ssipat ion.

—(See
D i ss ipa t i on , Spec ifi c Hy ster es i a l .)

Speci fi c Induct i ve Capaci ty.
—(See .Ca

pa ci ty , Specific Induct i ve.)

Speci fi c M agnet ic Capaci ty.
—(See Ca

pa ci ty , Spec ifi c M ag net i c.)

Spec i fi c M agnetic Conducti vi ty.—(See
Conduct i v i ty , Specific M ag net i c .)

Speci fi c M agnet ic Induct i vi ty.
—(See l n

ducti v i ty , Spec ifi c M ag net i c .)

Specifi c Resi stance.
—(See Res i stance,

(See

Speci fi c Resi stance of Li quids—(See
Res i stance, Spec ifi c , of L iqui ds .)

Speech , Art icul ate —T he success ive
tones of the human voice tha t a re necessary
to produce intell ig ible words .

T he phrase
‘

articulate speech refers to the join
ing or articula tion of the successive sounds in .

volved in speech. T he receiving diaphragm of a
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telephone i s caused to reproduce the articu late
speech uttered near the transmi tting di aphragm.

Speed, Cr i t i cal , of Compound-Wound

Dynamo —T he speed a t which both the
series and shun t coils of the machine gi ve the
s ame difference of poten tia l when the ful l load
is on the mach ine , a s the s hunt coil would if
used alone on Open-circuit .

Speed Indi cator.
—(See Indi ca tor , Sfi eed .)

Speeding .
—~Varying the number of revolu

t ions per minute.

T he speed ing of a dynamo is for the purpose
of obta in ing the curren t requisite to properly
O perate the electro . recepti ve device placed in i ts
c ircui t.

Spent Ac id—(SeeAci d , Spent .)

Spent Li quor. (See L iquor , Spent .)

Spher i cal Armature.

Sp lzer i ca l .)

Sph ygmogram. A record made by a

s phygmograph . (See

Sphygmograph .
—An ins trument for re

c ord ing the pecul iarit ies oi the norma l or
abnormal pulse.

Sphygmograph , El ectr i cal —An in
s trumen t for elec trical ly record ing the pecul i
arit ies of the pul se.

Sph ygmophone. An appara tus in w hich
a microphone is emp loyed for the medica l
examina tion of the pulse. (See M i crop/zone.)
Spi der , Armature —A l ight frame

work or skeleton cons is t ing of a cen tra l s leeve
or hub keyed to the arma ture sha ft , and pro
v ided w ith a number of rad ia l spokes or arms

for fixing or holding the arma ture core to

the dynamo-electric machine.

Spider , Dr i vi ng —Radial arms or

s pokes connected to the arma ture of a dynamo
electric machine and keyed to the shaft so as

to act as a driv ing w heel for the arma ture.

Sp in , M agnet ic —Aterm somet imes
employed ins tead of magnet ic field.

(See Arma tur e,

T he term magneti c Spin i s sometimes used in
s tead oi magnetic field because the magneti sm i s

now general ly bel ieved to be due to the effects of
a rotary motion or spin in the surrounding un i

versal ether .

Spi ral , Pr imary —T he primary of an
induc t ion coil or trans former. (See T r a ns

f ormer . Coi l , Induct ion .)

Sp i ral , Roget
’

s —Asuspended wire
s p ira l conveying a s trong elec tric curren t and
devised to show the a ttrac t ions produced by
paral lel currents flow ing in the same d irec

t ion .

T he lower end of the wire spira l di ps in to a

mercury cup. O n the pas sage of the curren t, the
a ttrac tion of the neighboring turns of the spira l
for each other shortens the length of the spiral
suffi ciently to draw i t out of the mercur y and thus
break the c ircuit. When this occurs the we ight
of the spira l causes i t to fal l and aga in re-es tab
lish the c ircui t. A rapid automa tic-make-and
break i s thus es tablished , accompanied by a bri ll
i ant spark a t the mercury surface due to the ex

tra spark on breaking.

Spi ral, Secondary —T he secondary
coil of an induc tion coi l or trans former. (See
T r a nsf ormer . Coi l , I nduct io n.)

Spl i ce B OX. (See B ox , Sp l i ce.)
Spl i t B attery .

—(See B a ttery , Spl i t .)
Spl i t Lead Tee.

—(See T ee, Sp l i t L ea d.)

Sp lutteri ng O f Arc—(SeeAr c , Sp l a tter

Spots, Sun —Dark spots , varying in
number and pos i tion , which a ppear on the

face of the sun and are bel i eved by some to be
caused by huge vortex motions in the ma s ses

of glow ing gas tha t surround the sun
’

s body.

Sun Spots occur in greater number a t in terval s
of about every eleven years .

Their occurrence i s genera lly a ttended w ith
unusua l terrestria l magnetic var ia tions . (See

Storm
, M agnet ic . )

In the opin ion of most as tronomers the sun

spots mark depressions in the a tmosphere of the

sun. The ir exact causes are unknown , though
they appear to be dependen t on a local cooling
or condensa tion of the sun

’
s a tmosphere.

When observed through a telescope the sun

spot appears as a dark region surrounded by a

les s dark region . Though darker by con tras t
w i th th l res t of the sun ’

s face, yet such spots are
i n rea li ty much brighter than the mos t bri l lian t
are l ight. T he ou tl ine of the sun spot is quite
irregular .



Spread ing-Out M agnetic Fiel d—(See
F i el d, M ag net i c, Spr ead i ng -O ut .)

Sprengel M ercury Pump.
—(See Pump ,

Ai r , Spr eng el
’

s M er cur i a l .)

Spr i ng Ammeter . ( See Ammeter ,

Spr i ng .)

Spr i ng Contact.
—(See Conta ct , Spr i ng .)

Spr ing , Hol d-O ff
—Aspring w hich

acts to keep one thing aw ay from another in

oppos i tion to some force tending to keep it in

contact Wi th such a thing .

Spri ng, Hol d
-On —Aspring w h ich

acts to keep one thing aga ins t another in op

pos ition to some force tending to pul l it

Ahold -on spring is sometimes employed in a

dynamo-e lec tr ic machine for the purpose of keep
ing the collecti ng brushes in proper pressure
aga inst the segmen ts of the commutator.

Spr ing-Jack .
—Adevice for read ily insert

ing a loop in a mai n electric c ircuit . T he

s pring-jack is genera l ly used in connect ion
w ith a mul tiple switch board. (See B oa rd,

M u lt ip le Sw i tch .)

Spr i ng-Jack Cut-O ut.—(See
Spr i ng ja ce.)

Spur ious Hal l Effect
—(See Ej ect , Ha l l ,

Spur i ous .)

Spur ious Resi stance—(See Res i stance,

Spur i ous .)

Stab i l e Gal van izat ion .
—(See Ga lva n i za

t i on , Stabi le.)

Cut-O ut ,

Stag ger i ng—Aterm somet imes app l ied to
the pos i tion of the brushes on a commutator
cyl inder, in w h ich one brush is p laced s l ightly
in a dvance of the other brush so a s to bridge
over a break .

When a break occurs in the c ircui t of the arma
ture w ires , the device of staggering the brushes is
adopted for temporarily bridging over the break .

Wh en a break occurs , the rew inding of the arma

ture i s the on ly radica l cure .

Standard Candl e.—(See Ca ndle, Sta nd

[Sta.

Standard Carcel Gas J et.—(See 7et , Ga s ,
Ca r cel Standa rd .)

Standard, Dynamo -T he supports
for the bearings of a dynamo-electric ma

chine.

Standard Earth Quadrant—(See Quad
r a n t , Sta nda rd .)

Standard of Sel f-Induct ion , Ayrton
Perr y’s .

—(See Induct i on , Self , Ay r ton
Per ry

’

s Sta nda rd of .)

Standard Ohm.
—(See Onrn , Sta ndard .)

Standard, Pentane —A s tandard
source of l ight used in photometric measure
men ts , in p lace of a M ethven screen .

T he pen tane standard i s constructed in genera l
in the same manner as the M ethven s tandard .

In place , however , of ordinary coa l gas , a mixture
of pen tane and a ir is used . Pen tane is a var iety
of coa l oi l left a fter severa l dis tilla tions of ord inary
crude oil . It distills at a tempera ture not greater
than 50 degrees centigrade.

T he mixture for burn ing consists of about
twenty volumes of a ir to seven volumes of pen

tane. Aburner of the pentane standard i s some
wha t sim ilar to the M ethven standard , but differs
i n a number ofminor deta ils .

Standard Res i stance Coi l . Coi l ,

Res i sta n ce, Sta nda rd .)

Standard Si ze of El ectrodes , Erb
’
s

—(See Electrodes , Ero
’

s Standa rd Si z e of .)

StandardVol tai c Cel l . -(See Cel l , Volta i c,

Standard Vol ta ic Cel l , Cl ark
’
s

(See Cel l , Volta i c , Sta nda rd , CZa ra
’

s .)

StandardVol ta ic Cel l , Cl ark
’
s, Ray l eigh

’
s

Form of —(See Cel l , Val ta i c . Stand

ard , Ray lezgn
’

s Form of Cla rk
’

s .)

Standard Vol ta ic Cel l , Fl emi ng
’
s

(See Cel l . Volta i c , Standa rd , F lemi ng
'

s .)

Standard Vol tai c Cel l , Lodge
’
s

(See Cel l , Vol ta i c , Standa rd, Lodg e
’

s .)

Standard Vol ta ic Cel l , Si r Wi l l iam
Thomson’

s —(See Cel l , Vol ta i c , Stand
a rd , Si r Wi l l i am T lzornson

’

s .)

Standard Wire Gauge—(See Ga ug e,

Wi r e, Standa rd .)
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vol ta ic couple i s chemica l ly a ttacked by the elec
troly te. (See Cel l , Vol ta i c. M eta l s , E lectr i ca l

Protect ion of . )

State, Permanent, of Ch arge on Tel e

graph Li ne —T he cond it ion of the

charge on a telegraph w ire when the current

reach ing the d is tan t end has the same

s trength as at the sending end.

State, Var i abl e, of Charge of Tel egraph

Li ne —T he condi t ion of the charge on

a telegraph wire w hile the s trengt h of the

curren t is increasing up to the full s treng th
in a l l parts .

T he duration of the variable state is directly as

the length of the line, the electrosta tic capaci ty
and the total resistance. It i s increased by leak
age, by s ta tic capac i ty and by the effec ts of the
extra cur ren t. (See Curr en ts , Ex tr a . )

Stat ic B reeze.—(See B r eeze, Sta t i c .)

Stat ic El ectri ci ty. (See Electr i ci ty ,

Sta t i c .)

Stat ic Energy.
—(See Energy , Sta t i c .)

Stat ic Hysteresi s. (See Hy ster es i s ,

Sta t i c.)

Static Insul ation . (See I nsu la t i on ,

Sta t i c.)

Stat ic M agnet ic Induct ion .
—(See Induc

t i on , M ag net i c , Sta t i c .)

Stat ic Shock—(See Snocé , Sta t i c .)

Stat ics—T he sc ience w h ich trea ts of the

relations tha t mus t exis t between the poin ts
of app l ica tion of forces and their d irection
and intensi ty, in order tha t equil ibrium may
resul t .

Stati cs, E l ectro —Tha t branch of

elec tric science w h ich treats of the phenome
na and measuremen t of electric charges .
Some of the more importan t prmcrples of e lec

trosta tics are embraced in the fol low ing law s
Charges of l ike name, i . e . ,

e i ther posi tive
or nega tive , repe l each other . Charges of un l ike
name attract each other.

T he forces of a ttraction or repuls ion be .

tween two charged bodi es are d i rectly propor
tiona l to the product of the quan tities of e lectr ic ity
possessed by the bodies and i nversely proporti ona l
to the square of the d istance b etween them.

These laws can be demonstrated by the use of

Coulomb’

s torsion balance. (See B a lance
, Cou

l omb’s Tor s ion . )

Stat ics, M agneto T hat branch of

magnetism w hich trea ts of magnetic a ttrae
tions and repuls ions , the d is tribut ion of l ines
of magnetic force and other facts regard ing
fi xed magnets .

Sta tion , Central A s ta tion , cen

t ral ly loca ted , from w h ich electric ity for l ight
or pow er is d is tributed by a series of con
ductors radia t ing therefrom.

Stat ion , Di stant Aterm app l ied by
an opera tor to the dis tan t end of the l ine in
order to d is tinguish it from his own end.

Stat ion , Di str ibut ing —A sta tion .

from w hich elec tric ity is d is tributed .

Acen tral s ta tion .

Station , Home A term app l ied by
an Opera tor to h is end of the l ine, in order to

d is tinguish i t from the other or dis tan t s ta
tion .

Stat ion , Transformi ng In a system
of dis tribution by trans formers or converters
a s tation w here a number of trans formers are

p laced , in order to supply a group of houses
in the neighborhood . (See T r a nsf ormer .

Electr i c i ty , D i str iout i on of ,
by Al ter na t ing

Cur r en ts .)

Stationary Fl oor Key —(See Key , Sta

t z
’

ona ry F loor .)
Stat ionary Torpedo.

-(See Torpedo, Sta

t z
’

ona ry .)

Stay Rods, Tel egraphic
—M etal rods .

a t tached to a telegraph pole
,
and securely

fas tened in the ground in order to counterac t
the effec ts of a pul l or tens ion on the poles .

(See Pol e, T el eg r ap/zi c.)

Stay rods shou ld be u sed in a ll exposed s itua
t ions , or where the poles a re exposed to se vere
s trains.

Steady Current.—(See Cur r ent , Steady .)

Stearns
’

Rel ay Shunt
—(See Sliun t , Re

lay , Stea r n s

Steel Qual i t ies of, Requi si te for M ag

netiz at i on Qual i ties which mus t be



Ste

possessed by s teel in order to permit it to per
manently retain a cons iderab le magnet iza tion .

For the purposes of permanen t magneti za tion
stee l should possess the follow ing qua l ities
It should be hard and fine gra ined . Hard cas t

steel answers the purpose very wel l . Scoresby
showed tha t an intimate rela tion exists between
the qual i ty of the iron from which the steel is
made, and the ability of the steel to take and re

tain con siderable magneti sm.

T he steel should be hardened as high as possi
ble and the temper a fterwards drawn by heat to
a violet-straw color. Practice is not un iform in

this respect, the ex act color varying w ith the

qua l i ty of the s teel .
An admixture w i th the steel of about “

I ii—0“ of one

per cent. of tungsten is sa id to increase i ts mag

netic pow ers .

Cas t steel is not genera lly employed for mag

nets , wrought steel be ing genera lly preferred .

Step-by-Step , or Di al Tel egraphy.
—(See

Teleg r apny , Step-oy -Step .)

Step-Down T ransformer .

former , Step-D own .)

Step
-Up Transformer.

—(See T r a nsform

(See T r a ns

Ster i l i zat ion , El ectr ic -Steri l iz ing
a solution by depriving i t of w ha tever germs

it may conta in by means of electrica l cur

rents .

T he follow ing exper imen ts were recen tly made
on steri li za tion by means of electr ic curren ts :
T he fluid , w ith the cu ltur e, w as placed in a g lass
test tube, wound about w i th a w ire coil connected
either w ith a dynamo or accumula tor or other
electr ic source. Some increase in tempera ture
was made, but never over 98

°

Fahr . When a

curren t volts, amperes passed , a com

plete ster iliza tion of M i crococus Prodigiosus oc

curred at the end of twen ty-four hours .
B lood and water conta in ing pa thogen ic germs

was ster ilized in five to thirty minutes . T he

above descr ibed effects would appear to be mag

netic ra ther than electric .

St ick ing—Aword appl ied by telegraphers
to the fa ilure of the pos i t ive pole relay arma

ture to leave the magnet pole on the cessa t ion
of the current.
In telegraphy , when from any cause a c ircu i t

1 5 imperfectly broken by an opera tor ’s k ey , or a t
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Storage B attery .
—(See B a ttery , Stor ag e.)

Storage Capaci ty of Secondary Cel l .

(See Cel l , Seconda ry or Stor ag e, Capa ci ty

the points of contact of a relay or other ins tru
men t, such fa ilure i s ca lled s ti cking. When an arc

i s formed at the poin ts of a relay w here the loca l
c ircui t is made and broken , the relay “

sti cks .

”

T he are is caused by burning of the pla tinum
points . Sti cking may be a resul t of a too weak
retractile spr ing.

Stone, Hercul es —Aname gi ven by
the ancients to the lodes tone. (See Lode

s tone.)
Stool , Insul ating —As tool prov ided

w i th insulating supports of vulcan ite or other
insula tor, employed to afford a ready insulat
ing s tand or support .

Stop, Limi ting —As top set so as to

l imi t the motion of an electrica l ly vibrat ing or
“

oscilla ting bar to any predetermined extent.
Such limi ting stops are common on telegraphic

and various other electrica l appara tus .

Stopping-Ofl
'

.
—A process employed in

elec tro-pla ting , in w h ich a meta ll ic a rt icle, a l
ready electro-p la ted over its entire surface, is
elec tro-p la ted w ith another meta l over certa in
parts only .

T he process of stopping-off consists of cover ing
the parts which are to receive the meta llic coa t
ing, w ith various stopping-off varn ishes . B y this
mean s articles can be electro-pla ted on parts of

their surfaces w i th gold and on the remainder
w ith s ilver . T he whole surface i s first s ilvered
and the por tion s in tended to be afterwards gilded
are then stopped off and the object placed in the

g ilding bath.

Stopp i ng-O ff Varn i sh—(See Va r n i s/z,

Storage Cel l .
—(See Cel l , Stor ag e.)

Storage of E l ectr i c i ty.
—(See E lectr i c i ty ,

Stor ag e of .)

Storm, Auroral Aterm somet imes
emp loyed to expres s an unusua l preva lence
of auroras .

Storm,
El ec tr ic —An unusua l con

dition of the a tmosphere as regards the quan
t ity of its free electric ity .
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Athunder s torm i s a variety of elec tr ic storm.

(See Storm,
Tbunder . )

Storm, M agneti c Irregulari ties oc
curring in the d is tribution of the earth '

s

magnetism, affec t ing the magnet ic decl ina
t ion , dip, and in tens ity.

M agnetic storms have been observed to accom

p any aurora l displays , and to be coinc iden t w i th
the occurrence of sun spots , or unusua l ou tbur sts
o f solar activity .

T he coincidence of magnetic s torms and out

bursts of solar activi ty is unquestioned . Wolf,
o f Zurich , has shown by a comparison of nu

merous observa tions of sun spots , the unques

tioned correspondence, in the times of their .

grea test activity , which occur every years ,
w ith the time of occurrence of an unusua l number
o f sun spots . He has placed these resul ts in the

form of curves . Those shown in Fig. 5 1 5 are

taken from observa tion s at Paris and Prague

T he ful l lines represen t the periods of sun spots .

T he dotted lines the per iods of magnetic s torms .

Fig . 5 1 5 . Wolf : Sun Spot Number s .

Storm, Thunder
—A s torm during

which elec trica l d ischarges accompan ied by
thunder take place between two c louds or be
tween a c loud and the earth . (See E lec

tr i ci ty , Atmosp/zer i c. Storms , T lzunder ,

Geog rapni ca l D i str i but i on of .)

Storms, Thunder , Geograph ical Di s

tri but ion of —T he fol low ing genera l

fac ts as to the geograph ica l d is tribut ion of

t hunder s torms , show the in tima te rela t ion
be tween the frequency of thunder s torms and
the t ime and place of the condensation of

vapor.

Thunder s torms seldom, i f ever , occur in
the polar regions .

This is probably because the ra infa ll in the

[Str.

polar regions results from the condensation of the

vapor tha t was formed in the equa torial or tem

perate regions , so tha t a cons iderable time
elapses between the evaporation and condensa
tion .

Thunder storms seldom, i f ev er , occur in

rain less distr icts , ow ing probably to the absence
of the condensa tion of vapor .

Thunder storms are most frequen t and

v iolen t in the equa tor ia l regions , w here the ra in .

fal l resu l ts from the conden sation of the vapor by
the action of ascending curren ts, convey ing the

vapor almost immediately after i ts forma tion into
the upper and colder region s of the a tmosphere .

Thunder s torms occur in regions beyond
the tropics , at those season s of the year when the
ra in fa l l results from the conden sa tion of the vapor
shortly after the time of i ts forma tion , v iz .

, in the

temperate zones in the hotter par ts of the year.

Stra ight-Line T rol l ey Hanger .
—(See

H a ng er , Str an t-L i ne T rol ley .)

Stra ightaway B unched Cabl e—(See
Ca ble, B unclzed , Stran taway .)

Strai n , Di el ectr ic —T he s tra ined
cond it ion in w hich the g las s , or other dielec
tric of a condenser, is placed by the charging
of the condenser.

T he deforma t ion of a body under the ln
fluence of a s tress . (See Str ess .)
T he s tr es s in this case , i . e. , the force produc

ing the deforma tion or s tra in
, i s the a ttraction of

the Opposi te cha rges. This s tress , in the case of

a Leyden jar , i s often sufficien tly great to cause
'

a ruptur e of the glass.

Stra i n, El ectro-M agnet i c —T he de
forma tion produced by an electro-magnetic
s tress . (See Str ess , Electr a-M ag net i c.)
Stra i n , El ectrostat ic, O ptical A

s train or deforma t ion produced in a p la te of

glass , or other transparen t solid , by subject
ing it to the s tress of an

°

elec trostat ic field .

(See Str ess , El ectrosta t i c .)

T o obta in the electrosta tic s tress , holes are

dr illed in the pla te of glass , and w ires from a

Hol tz ma c/zine or induct ion coi l placed therein ,
the w ires bein g separa ted by a thin layer of g la ss .

T he glass, on being traversed by a beam of

plane polar ized light, rotates the plane of polar
i zation of the light in the same direc tion as the

glass would if subjected to a s tr a i n in tbe di rec
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Str ess, Diel ectr i c
—T he force pro

ducing the deforma tion or strain in a d ielec

tric
Adielec tr ic s train , in the case of a Leyden jar

or condenser , i s sometimes sufli ciently grea t to
pierce the dielectr ic .

Stress, El ec tro-M agnet ic
—T he force

or pressure in a magnetic field, wh ich produces
a strain or deformat ion in a piece of glas s or

other s imilar subs tance p laced therein . (See

Stra in , Opt i ca l Electr a-M ag net i c.)

Stress, El ectrostatic —T he force or

pressure in an electros tat ic field , w hich pro

duces s train or deformat ion in a p iece of glas s
or other subs tance p laced therein . (See

Stra i n , Electrosta t i c, Opt i ca l .)

Stress, Energy of —A term some

times used in p lace of potential energy . (See

Energy , Potent i a l .)

Stress, M agnet ic
—T he force acting

to produce a s tra in in the air-gap between
two d is similar magnet poles by the act ion of

the l ines of magnet ic force, bridging such a ir

gap .

Str i ae, E l ectri c —Paral lel s treaked
bands , cons is ting of al terna te l ight and dark
spaces , produced in tubes conta in ing low

vacua , by the passage of rap idly al ternating
currents through them. (See Tube, Str a t i

fi ca t i on .)
Str ip , Safety —As trip or bar used as

a safety fuse. (See Fuse, Saf ety .)
Str ipp i ng .

—Dissolving the metal coat ing
from a s ilver-plated or other meta l-pla ted ar

t icle .

T he object of the str ipping process is to re
cover s ilver from imperfectly pla ted w are, or

from old w are which i s to be replated .

Stripping of s ilver is accomplished either in the
cold or by a id of hea t

,
by the use of the follow ing

solutions , v i z .

Concen tra ted sulphuric acid,
(B aume

’

,
66 degrees) 100 parts .

Concentrated n itric acid ,
(B aume, 40 degrees) 10

T he objects are suspended in this l iquid
, which ,

provided it be not dilu ted w ith w ater , possesses
the property of dissolving the s ilver w ithou t
touching the meta l underneath .

Stripp ing B aths—(See B a t/i , Str ip

t ing )
Stri pping Li qui d.

—(See L iqu i d , Str ip
t i re .)

Stroke, Lightn ing —A d isrupt ive ”

discharge between two oppos itely charged
clouds , or between a cloud and the earth .

(See D i scba rg e, D i srup t i v e.)

Stroke, Li ghtn ing , B ack or Return

—An electric shock, caused by an induced
charge, produced by the discharge of a l ight
ning flash.

T he shock i s not caused by the lightning flash
i tsel f

,
but by a charge which i s induced in neigh

r

boring conductors by the discharge . T hese in
duced effects are, in fact, effects of electro-dy-

fl

narnic induction . (See Induction
, Electro-Dy

namic. ) A s imi lar effect may be noticed by
s tanding near the conductor of a powerful electr ic
machine, when shocks are felt at every discharge r

T he effec ts of the re turn shock are sometimes
qu ite severe. These effects are often experienced
by sens itive people on the occurrence of a light
n ing discharge a t a considerable distance .

In some instances the return s troke has been .

sufficien tly intense to cause death . In genera l ,
however , the effects a re much less severe than
those of the d irect l ightning discharge .

Struts for Tel egraph ic Pol es—Incl ined
wooden or iron poles , appl ied to telegraph
poles in order to support the thrus t or pres s
ure ac ting on them . (See Pole, T ele-3

g r ap/zi c.)

Sturgeon
’
s or B ar l ow

’
s Wheel .—Awheel .

capab le of rotation on a hori zontal axis , which ,
w hen p laced between the poles of a magnet ,
rota tes when a curren t is passed through it
between the ax is and the c ircumference.

Sub-Aqueous Cabl e—(See Cable, Sub

Aqueous .)
Sub-B ranch .

—(See B ranclz, Sub.)

Sub-M ai n.
—(See M a i n , Sub.)

Submar i ne B oat—(See B oa t, Subr

ma r i ne, E lectr i c.)
Submar i ne Cabl e.

—(See Ca ble, Sub

ma r i ne.)
Submar i ne M ina—(See M ine, Sub

ma r i ne.)
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Submar ine Tel egraphy.
—(See Teleg

r ap/zy , Subma r ine.)

Substance, Form-M ag netic —A
term proposed in p lace of paramagnet ic , for
subs tances tha t a re magne tic a fter the man

ner of iron . (See Pa r amag net i c .)

Subterranean M ine. (See .ld i ne, Sub

ter ra nea n .)

Subway, El ectr ic —An accessible
underground way or passage provided for the
reception of electri c w ires or cables .

Underground electric conduc tors , l ike a l l elec
tr ic conductors , are l iable to fau lts , crosses , etc .

Un less they are readily accessible
,
very ser ious

loss and damage may occur before the faul t i s
located and corrected .

Sul phating.
—Aname applied to one of the

sources of los s in the operation of a s torage
battery, by means of the forma tion of a coa ting
of inert sulpha te of lea d on the battery p la tes .

T he addi tion of a solution of sulpha te of soda
to the sulphur ic acid l iqu id i s c la imed to have the
eff ect of decreas ing the exten t of the su lpha ting .

Summer L ightn ing—(See n btn i ng ,

Summer .)

Sun Spots.~ -(See Spots , Sun .)

Sunstroke, El ectr ic, or El ectr ic Prostra
t ion or Insolat ion —Phys io logica l
effects , s imi lar to those produced by exposure
to the sun , experienced by those exposed for
a long w hile to the in tense l ight and hea t of
the vol ta ic ar

‘

c .

Electric sunstroke i s sometimes ca lled electric
insola tion , or e lectric pros tra tion .

T he effects of electr ic suns troke w ere first
noticed by Desprez in h is c la ssic exper imen ts on

the fus ion or volatiliza tion of carbon .

O n undue exposure to an in tense electric fight
the eyes are irr i tated and the skin burned as

by the sun . In some cases i t i s cla imed tha t the
effects of sunstroke, or excessive production of

hea t, as in true insol a t ion , are produced . In the

applica tions of e lec tr icity to electr ic furnaces ,
these same effects have been noticed in an in ten

sified degree.

From some recen t investiga tions i t would ap

pear tha t these effects are to be ascribed to the

l ight rather than to the heat.

The symptoms are as follows : Pa in in the

throat
,
face and temples, followed by a coppery

red color of the skin , irr itation and w a tering of

the eyes , when the symptoms disappea r . T he

skin peels off in about five days .

Superfi c ial Eddy Cur renta—(See Cur

r en ts , Eddy , Superfi c i a l .)

Super ~Saturat ion of Sol ut iom—(See
Solut i on , Super-Sa tur a t i on of .)

Suppl ement ofAngl e.
—(SeeAng le, Sup

p lemen t of .)

Suppl y,Un i t of, El ectr ical —Aun it,

provis iona l ly adopted in Eng land by the

Board of Trade, equa l to amperes flow
ing for one hour under an elec tromotive force
of one vol t .

This wou ld , of course , equa l wa tt-hours ,
and woul d be the same as 100 amperes flow ing
for ten hou rs under one vol t.
O ne un i t of elec tr ica l supply i s equa l to

actua l horse-power expended for one hour , and
w i ll feed Swan lamps of 21 candle-power for
one hour . It is equa l in i llumina ting power in
Swan lamps to the l ight produced by 100 cubic
feet of gas consumed in twenty 1 4-candle burners
in one hour .

T he un i t of electr ica l supply i s ca l led a
“ Board

of Trade un it, ” a B . O . T . un i t, or s imply a bot.
It is equa l to one kilo-watt hour .

Support, T r i pod Roof
for a housetop telegr aph ic l ine .

—Asupport

T he tr ipod roof support, as i ts name indica tes ,
consists of a three-legged support for any suitable
insula tor .

Acommon form i s shown in Fig . 5 16 .

Support, Underground Cabl e —A
support prov ided for hold ing a cab le where
it pas ses around the s ide of a man-hole, un

derground conduit , or other s imila r locat ion .

Surface, Demarcat ion -T he surface
at wh ich a demarca t ion curren t is genera ted .

T he surface w h ich ma rks the poin t of in

jury in a muscle or nerve.

Demarca tion curren ts in electro-therapeutics ,
are currents produced in injured nerves or

musc les . They are probably due to the chemi ca l
changes that take place between the injured and

the un injured tissues . T he demarca tion surface is
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the surface separa ting parts in a norma l condi
tion from those in an abnorma l condition .

An injury to a mu scle or nerve causes or pro

duces at such surface a dying substance which i s

negative to the un injured, norma l or pos itive sub
s tance . Such a surfa ce resul ts in a demarca tion
curren t .

Surface Densi ty .
—(See D ens i ty , Surf a ce.)

Surface, Equi potenti al , of a Conductor

Through Wh ich a Current i s Fl owi ng
-Asurface described w i thin the

.

mass of a

conduc tor, conveying an electric current , a t
points perpendicular to the d irect ion of the

flow , a l l possess ing the same potent ial .

Surface, Equi potent ial , or Level Surface
of Escap i ng Fl u id —A surface de

s cribed w ith in the mass of a fluid in mot ion
a t al l p laces perpendicular to the s tream l ines
pas s ing such surface.

Sur face Integral of M agnetic Induction .

—(See Induct i on , M ag net i c, Surf a ce-Inte

g r a l of .)
Sur faces, Equ i potent ial , El ectrostatic
—Surfaces , a l l the po in ts of w hich a re

a t the same elec tric poten tial . (See Poten
t i a l , Electr i c .)
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Electric surfaces perpend icular to the l ines
of electric force over w h ich a quan ti ty of

elec tric ity, cons idered as being concentra ted
a t a poin t , may be moved w i thout doing
w ork . (See F i eld , Electrosta t i c. )
Equ ipoten ti a l surfaces correspond w i th a w a ter

level , over which a body may be moved hor izon
tal ly wi thout doing any work aga inst the force of

gravity .

In the case of the charged insulated sphere,
shown in Fig . 5 1 7, the equipoten tia l surfaces ,
represen ted by the c irc les , are concentric.

Fig . 5 1 7 . Equzpotent ia l Surf aces .

Surfaces, Equi potential , M agnet ic

—Surfaces surrounding the poles of a mag

net , or sys tem of magnets w here the mag

net ic poten t ia l is the same. (See Potent i a l ,

Surgings, El ectr i c —Elec tric oscil la
tions set up in a charged conduc tor tha t is
undergoing rapid d ischarge.

These surg ings produce w aves in the surround
ing ether tha t travel outwards w ith the veloc i ty of

M agnetic equipoten tia l surfaces extend in a

direction perpendicular to the l ines of magnetic
force . (See Field, l lIagnet i c. )
No work i s required in order to move a unit

pole over equipoten tia l magnetic surfaces , be
cause in so doing i t cuts no lines of magneti c
force.

'Work , however, i s done when the motion
i s from one equa l poten tia l sur face to another .

Equipoten tia l surfaces, w hether electr ic or mag

netic , cannot in tersect one another, since their
poten tia l is the same at all points .

Surfaces, Isothermal —Surfaces con
necting poin ts in a body w hich have the same
tempera ture.

Surg i ng Di scharge—(See D i scba rg e,
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T he jeweled cup is placed above the cen tre of

gravity of the needle, and i s -supported on a stee l
poin t. As a ru le, compass needles have thi s
variety of support.

Swag e.
—A part icular form of anvil on

wh ich h igh ly hea ted meta l lic p la tes are shaped
by hammeri ng them in to forms the same a s

tha t of the anv il on w hich they are placed .

Swage.
—T o fash ion heated meta l l ic pla tes

by hammering them into the form of an anv il
on w hich they are supported .

Swag ing .
—Fash ion ing h igh ly hea ted me

tal l ic p la tes in to any des ired form by ham

mering w h i le on suitab le dies .

Swag ing , El ectr ic —T he forming or

shap ing of meta l l ic pla tes by hammering
them aga ins t suitab le anv ils or dies w h i le
softened by elec trical hea ting .

T he electro-sw aging appara tus con sists of a

welding tran sformer provided w ith a movable
c lamp . T he pressure requ ired for the swaging
is a tta ined by the use of steam admitted in to a

cyl inder by a lever which operates a four-w ay
va lve .

T he rod , bar , or pla te of metal to be shaped or

swaged, i s fi rs t heated by the passage of a pow

erfu l hea ti ng curren t , obta ined preferably from a

w elding transformer , one of the clamps of w hich
i s movable. When the me ta l is sui tably softened
by the passage of the curren t, i t is then subjected
to sw aging.

Swel l i ng Cur rent . (See Curr en ts , Swel l

i ng .)
Swel l i ng Faradic Cur rent—(See Cur

r ents , Sw el l i ng Fa r a d i c.)

Swi ng i ngAnnunci ator.
—(SeeAnnunci a

tor , Pendu lum or Sw i ng i ng .)

Swi ng i ng Cross—(See Cross , Sw i ng i ng
or Int ermi ttent .)
Swi tch , Automat ic, for Incandescent

El ectr i c Lamps —A device by w h ich
incandesc en t elec tri c lamps can be l ighted or

extinguished at a distance by means of push
buttons .

T he automa tic sw itch for incandescen t lamps
corresponds in electric li ghting to the automatic
gasl ighting device in systems of electric gas light
ing. It consists essen tia l ly of two e lectro
magnets , one for turn ing the switch which lights

[Swi .

the lamp by cutting them into the circui t of the
l ighti ng main s or conductors, and the other for
extinguishing them, by cutting them out . These
elec tro-ma gnets are operated by two push buttons,
a black one to extinguish the lamp and a white
button to l ight it .
T he deta i ls of the au tomatic sw itch are shown in

Fig . 520. T hema in s M 1 and M 2
, are conn ected to

one set of con tac ts, and the branches con tai n ing

Fig . 5 1 9. Automa tic Sw i tch .

the lamps to be li ghted , to the con tac ts between
them. T he push button s, PI and P2, are con

nected by their w ires to the ma in M 1 and the

branch B 1 .

These bu ttons are made respecti vely positive
and n ega tive , and a re marked and T he

th ird W ire of the push button is connected as

shown to the lamp L , and the sw i tch magnet,

When the con tact is closed a t PI
, the arma .

ture of S M
, closes the contact through C .

When the button is released , connection is es tab

Fzg . 5 20. Automa ti c Sw i tch .

l ished between the magnet and the lamp L, in
series . Thi s i s for the purpose of cu tting down
the circui t to the o f an ampere

,
and thus per

mitting a thin w ire to serve be tw een the button
and the sw itch magnet.
When the button , P

’
,
i s closed the lamps a re

turned out .

Swi tch B oard.
—(See B oa rd , Sw i tc/z.)

Swi tch B oard , M ul t i pl e
—(See

B oa rd , M u l t iple Sw i tclz.)
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Swi tch B oard, Tel eg raphic —(See
.B oa r a

’

, Sw i tc/z, Teleg r ap/zi c .)

Swi tch B oard , Trunk i ng

B oa rd , Sw i tclz, T r unni ng .)

Swi tch , B reak-Down -A special
sw itch , employed in smal l three-w ire sys tems ,
for connecting the pos itive and negat ive bus
wi res in such a manner as to prac tical ly
convert it into a two-w ire sys tem and permit
the system to be supp lied w i th current from
a s ing le dynamo. (See Wi r es , B us .)

Swi tch , Chang ing —A sw itch de

s igned to throw a c ircui t from one electric
s ource to another.

Achanging sw itch , for example, is of use in

d isconnec ting a c ircu i t from one dynamo and

connecting i t to another ; or , in other words , to
sudden ly transfer the load from one dynamo to

a nother .

Swi tch , Changing-O ver -A term
s ome times a pp l ied to a chang ing sw i tch .

(See Sw i tc/c, Cna ng i ng .)
Swi tch , Di str i but ing —A mul tiple

sw i tch board. (See B oa rd , Mul t ip l e Sw i tcn.)

Swi tch , Di str i buti ng, for El ectr ic
Lights —A sw itch employed in a

system of arc l ighting by series-d istribu

tion , by means of wh ich any particular
d ynamo-electric machine or a number of

s epara te dynamo-elec tric mach ines can

be connec ted w i th the same c ircu it w i thout
in terfering w ith the l ights . (SeeB oard , M ul

tzlole Sw i tc lc.)
Swi tch , Doubl e-B reak —A term

sometimes used for double-pole swi tch . (See

Sw i tch , D ouble-Pol e.)

Swi tch , Doubl e-B reak Kn i fe —A
knife sw itch provided wi th double-break con

tac ts .

Adouble-break kn ife sw i tch i s shown in Fig .

521 .

Swi tch , Doubl e-Pol e —A sw itch
tha t makes or breaks contac t wi th both poles
of the c ircui t in wh ich it is p laced .

A swi tch cons is ting of a comb ina t ion of

two separa te sw i tches , one connected to the

pos i tive lead and the other to the nega tive
lead .

Double-pole sw itches are used in most systems
of incandescen t l igh ting in order to insure the
thorough separation of the c ircu it from the main

conduc tor or leads when cut out and to dimin ish
the spark .

Swi tch , Feeder —T he sw itch em

p loyed for connecting or disconnec t ing each
conduc tor of a feeder from the bus-bars in a

cen tral s ta t ion.

Swi tch , Four-Point —A swi tch by
w hich a c ircu it can be comp leted through
four central points.

Swi tch , Kn i fe A switch wh ich is

Opened or closed by the motion of a knife

Fig . 5 22. Lampo Sacket Sw i tch.

contac t w h ich moves between parallel contact
p la tes .

Akn ife-edge sw i tch . (See Sw i tc/z, Kn ife

Sw i tch , Kn i fe-B reak A kn ife
sw i tch . (See Sw z

'

tc/z, Kn if e.)

Swi tch , Kn i fe-Edge
t imes used in p lace of knife swi tch .

Sw i tcn, Kn ife.)

—Aterm some

(See
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Swi tch , Lamp-Socket
—A sw itch

placed in the socke t of an incandescen t lamp
and provided for throwing the lamp in and

out of the circui t.

Aform of lamp socket sw i tch i s shown in Fig.

522. Its Opera tion w ill be understood from an

inspec tion of the draw ing .

Swi tch Pi n .
—(See Pi n , Sw i tclz.)

Swi tch , Pl ug —Asw itch in w hich a

meta l p lug is w i thdrawn to throw in to a c ir

cu it a coil or other device, the ends of w h ich
are connec ted to meta l l ic blocks tha t are suf

ficient ly near together to be joined and short
circuited by the insert ion of the plug.

Swi tch , Pol e-Chang ing
—A sw itch

emp loyed for changing the direc t ion of the

curren t in any c ircu i t .
Aform of pole-changing sw itch i s shown in Fig.

523 °

Fi g . 5 23 . Pole-Cl mng z
'

ng Sw i tc/z.

If the two ou ter con tacts are connected to the

same pole as the source, as, for example, the
positive, and the two intermediate contacts are

connec ted to the other pole, or to the nega tive ,
then in the posi tion shown in the cut, the curren t
w i ll flow through any receptive device connected
w ith the sw i tch, in one d irec tion ,

but if the

sw itch i s moved to the left, i t w il l flow in the 0p
posite direction .

Swi tch , Removabl e Key —A p lug
sw i tch . (See Sw i tc/z, P l ug .)

Swi tch , Reversi ng —A sw itch for

revers ing the d irec tion of the ba ttery curren t
through a galvanometer .

As imple revers ing sw i tch cons ists of four in
sulated bras s segmen ts moun ted on a pla te o f

ebon i te and furnished w i th open ings betw een
them for plug connec tion s .

T he ba ttery termina ls are connec ted to tw o di
agonal ly oppos ite segmen ts, as B , and D ,

. Fig .

524, and the leading w ires of the ga lvanometer ,

500 [SWL

or other instrumen t, to the other segmen ts , as C
'

and A. If, now , the plugs are placed be tween B

and C , and Aand D , the ba ttery curren t flows
in one direc tion . If, however , the plugs are

Fig . 5 25 . Automat ic Telephone Sw i tch .

c loses the loca l battery circui t of the transmi tter
on the remova l of the telephone from i ts support
ing hook .

placed between Aand B
, and C and D , the ba t

tery curren t w il l flow in the Oppos ite direction .

The battery curren t i s cut off i f one plug is re

moved . In practice, however , i t is preferable to
remove both plugs, so as to avoid any current

from wan t of suffi cien t insula tion .

Swi tch , Snap —A switch in w h ich
the trans fer of the con tac t poin ts from one

pos it ion to another is a ccomp l ished by means

of a quickmotion Obta ined by the operation .

of a spring .

T he Objec t of the snap sw itch i s to preven t the
sw i tch resting in any ha lf w ay pos ition , and thus
preven ting the es tablishing of an arc .

Swi tch , Tel ephone, Automati c A
devi ce for automa tica l ly trans ferring the con

nect ion of the ma in l ine from the call hel l to

the telephone c ircuit .
In most telephone circui ts, as now arranged,

the automatic sw i tch, bes ides transferr ing thema in
line from the ca l l hell to the telephone circu it,
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Symmetri cal Induction of Armature.

(See Induct ion , Sy mmetr i ca l , of Arma tur e. )

Symmetr ical M agnet i c Fi el d—(See
F i eld , M ag net i c, Symmetr i ca l .)

Sympathetic El ectr i cal Vi brat ions.

(See Vibra t i ons , Sy mpa thet i cElectr i ca l .)
Sympathet ic Vi brat ions —(See Vi br a

t i ons , Sy mpa thet i c .)

Synchron i sm.
—T he s imul taneous occur

r ence of any two even ts .

A rotating cylinder
,
or the movemen t of an

i ndex or tra i li ng arm, i s brought in to synchron ism
"

w ith another rota ting cylinder or another index
o r trai ling arm,

not on ly when the two are mov

.ing w i th exactly the same speed
,
bu t when in ad

dition they a re s imul taneous ly mov i ng ov er s imi

l ar por t ions of their r espectivepa ths .

In the Breguet Step-by . Step or D ia l Tel egr aph

(See Tel egr aphy ,
S tep-by -Step ) , the movemen ts of

the needle on the indica tor are synchron ized w ith
the movemen ts of the needle on the man ipu l a tor .

In systems of Fa c-Simi le Telegr aphy the move
men ts Of the transmi tting apparatus are syn

c hromized w ith those of the receiving appara tus .

In Delany
’
s Sy nchronous M ul t ip lex T el egr aph

Sy s tem, the tra iling arm tha t moves over a c ir

c ul ar table of contacts at the transmi tting end ,

i s a ccura tely synchron ized w ith a similar tra iling
arm moving over a s imilar table a t the receiving

Delany
,
who was the first to obta in r igorous

s ynchron ism a t the two ends of a telegraphic
l ine hundreds of mi les in length , accomplishes
t h is by the use of La Cour

’

s phon ic wheel ,
t hrough the agency of correcting electr ic im

pulses , automatically sen t in either direction over
the ma in lin e

,
when one tra il ing a rm gets a shor t

d istance in advance or back Of the other .

Wi th a l terna ting curren t dynamos
,
w here one

dynamo i s feeding incandescent lamps connec ted
to the leads in mu ltiple, and i t i s des ired to
couple another alterna ting curren t dynamo in

parallel w ith the firs t, i t is necessary to Obta in a

c omplete synchron ism Of the two dynamos before
coupling them,

s ince otherw ise the lamps w i ll
show var ia tion s in their light, and the machine
may suffer .

Synchron izabl e.
—Capab le Of being syn

chron ized. (See Sy nchron i sm .)
Synch ron i ze

—T o cause to occur or act

s imul taneously . (See Sy nchron i sm .)

Synchron i zed.
—Caused to occur or act

s imul taneous ly. (See Sy nchron i sm.)

Synchron i z i ng Dynamo-El ectr ic M a

ch i ne.
-(See M a ch ine, Dy namo

-Electr i c ,

Sy nchr on i z i ng .)

Synchronous M ul t ipl ex Tel egraphy .

(See T eleg r aphy , Sy nchr onous M u lt iplex ,

D ela ny
’

s Sy stem.)
System, Astat ic

bina tion of magnets .

An as ta t ic com

An astatic needle con s ists of an as ta tic system
of two magnetic needles . T he needles are

r igidly fixed together w ith their oppos ite poles
fac ing each other . T he two needles form an as

ta tic pa ir or couple . (See IVeed/e, As ta t i c. )

System, B l ock , for Rai lways

Ra i lr oads , B loch Sy stemf or .)

System, Centimetre Gramme Second

—(See Un i ts , Cen t imetr e Gr amme

Second .)
System, Cont inuous Underground, of

M oti ve Power for El ectr ic Rai l roads
—(See Ra i lr oa ds , E lectr i c , Con t i nuous Un
derg r ound Sy stem of M ot i ve Pow er f or .)

System, Dependent, of M ot i ve Power for
El ectr ic Ra i l roads —(See Ra i lroads ,

Electr i c , D ependen t Sy stem of M ot i v e

Pow er f or .)
System, Independent, of M ot i ve Power

for Rai l roads —(See Ra i lroa ds , E lec

tr i c , Independent Sy stem of M ot iv e Power

f or .)

System, M ul t i phas e —A term fre

quen tly appl ied to a sys tem of rota t ing elec

tric curren ts . (See Cur r en t , Rota t i ng .)

System of Di str i but ion of El ectr ic i ty by
Commuta t i ng . T ransformers—(See Elec

tr i ci ty , D i str i but i on of , by Commuta t i ng

Tr ansformer s .)
System of Di str i but ion of El ectr ic i ty by

Condensers—(See Electr i ci ty , D i str ibut i on

of , by Alterna t i ng Cur r en ts by M ea ns of
Condenser s . El ectr i c i ty , D i str i but ion of , by

Con t i nuous Cur r ent by M ea ns of Condens

er s .)
System of Distr i but ion of El ec tr ic i ty by

M eans ofAl ternat i ng Currents—(See Elec
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fr i ctiy , D i str ibut i on of , by Alterna ti ng Cur

System of Di str ibut ion of El ectr ici ty by
M otor Generators—(See E lectr i ci ty , D i s

tr i but i on of , by M otor Gener a tor s .)

System, Three-Wi re —A sys tem of

elec tri c d is tribution for lamps or other trans
lat ing dev ices connected in mul tiple, in wh ich
three w ires are used ins tead Of the two usual ly
emp loyed .

In the three-w ire system two dynamos are gen.

era l ly employed , which are connected W i th one

an other in series.
T he three conductors are connected as shown

in Fig . 527, the cen tra l conductor to the junction
of the two dynamos and the tw o others to their
free termina ls, and the difference of poten ti a l be
tween the cen tral and the tw o outer conductors
i s mainta ined the same . T he

' lamps , or other
electro-receptive devices , a re placed in mul tiple
are between either branch , and so distributed
tha t the curren t in each branch i s the same .

When such balance i s established no curren t
flow s through the centra l or neutra l conductor .

Bu t when tha t ba lance i s disturbed , the surplus
curren t in one branch is taken up by the cen tra l
conductor .

T he three-w ire system efiects considerable

T .
—Asymbol used for t ime.

T-Shaped Spark
—(See Spa rh , T-Shaped.)

Tabl e, Quadrupl ex, A-Side of

Tha t s ide of a quadrup lex sys tem wh ich is
worked by means of reverse currents . (See
T eleg r aphy , Quadr up lex .)

Tabl e, Quadrupl ex , B -Side of

T ha t s ide of a quadruplex sys tem w h ich is
worked by means of s trengthened currents .

(See Tel eg r aphy , Quadr up lex .)
Tabl es of Conducting Powers—(See

Pow er s , Conduct i ng , f or Electr i ci ty . Re

s i stance, E lectr i c .)
Tachograph .

—An apparatus for recording
the number of revolutions per minute of a

shaft or mach ine.

economy in theWeight ofwire requi red . Since in

the multiple-series-connection of electro-receptive
devices whatever difference of potenti al i s im
pressed on the ma ins i s fed to each device, no
higher difference of poten tia l can be employed on
the ma in s than that which the devices are capa
ble of taking . In the case of an incandescen t
lamp

,
i f such d ifi

’

erence be ex ceeded , too s trong
a curren t i s passed through the lamps w i th a

con sequen t decrease in their l i fe.

In the three-w ire system of di str ibu tion a higher
d ifference Of poten tia l can be ma in ta ined on the

ma ins than i s required for any lamp placed in

connection therew i th , and in this manner a con

siderable saving is effected in the cot of the leads .

Tachometer .
—An appara tus for indicat ing

a t any momen t on a revolving dia l the exac t
number of revolutions per minute of a shaft
or mach ine.

Atachometer i s sometimes ca lled a speed ih
d icator.

This i s genera ll y ca lled the portelectri c sy s

tem. (See Por tel ectr i c . )

Tai l Light—(See L igh t , Ta i l .)

Tachyphore.
—Aterm proposed by Wurtz

for a system of elec tric transporta tion , in

w hich a carriage, formed of magnet ic ma

teria l , is propelled by the sucking ac t ion of

s olenoids placed along the track and ener

gi zed in success ion during the passage of the

car .
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Teaser .
—An elec tric curren t teaser. (See Tel egraph i c Arm.

—(See Arm, T ele

Tea ser , Electr i c Cur ren t .) g r apni e.)

Teaser , E lectr i c Cur rent A coi l Tel egraph ic B racket—(See B r a cket ,

of fine w ire placed on the field magnets of a T 3 14?7
’

dynamo-elec tric mach ine, undernea th the se

ries coil wound thereon , and connec ted as a

shun t across the ma inc ircuit.

T he name tea ser w as applied by B rush to the
coil of fine w ire used as above described to ma in
ta in constan t electromotive force under varia tion s
of load .

Techn ics , El ectro —T he s cience

w h ich treats of the phys ical appl ica tions of
electric ity and the general princ ip les app ly ing
thereto.

Tee, Lead —Atee-shaped lead tube
provided for the purpose of taking a branch
joint from a ma in cable to a serv ice l ine .

Tee, Spl i t-Lead —Atee-shaped lead
tube tha t is Sp l it for read ily covering a join t
at a loop in a cable.

Tel-Autogram.
—T he recorded mes sage

ob ta ined by means of a tel-autograph . (See
Tel-Au tog r ap/z.)

Tel-Autograph .
—Atelegraphic sys tem for

the lac-s imile reproduc t ion of handw ri ting .

Tel eautograph .
—An orthography some

times employed for tel-autograph . (See T el

Autog r aph .)

Tel e-B arometer , El ectr i c An elec

tric record ing barometer for ind ica t ing and

record ing barometric or other pressures at a

dis tance.

Tel egrapher
’
s

T

Tel egraph ic.
—Perta in ing to telegraphy .

Cramp—(See Cr amp ,

Tel egraph i c Al arm.
—(See Ala rm , Tele

g r ap/zi e.)

Tel egraph ic Al phabet—(See Alp/zabet ,
T eleg r apnz

'

o.)

Tel egraph ic Al phabet , Continental Code
—(See Alpnabet , Teleg r apni e I n ter

na t i ona l Coa
’
e.)

T el egraphi c Al phabet , M orse
’

s

(SeeAlp/zabet , T el eg r apni e Mor se
’

s

Tel egraph ic Cabl e.
—(See Cable, Tele

g r ap/zi e.)
Tel egraph ic

g r ap/zi e.)
Tel egraph ic Ear th-Ci rcui t.—(See Ci r

cu i t , Ea rtn, Teleg r aph i c .)

Tel egraph i c Embosser.
—(See Embosser ,

T eleg r ap/zi c .)

Tel egraph ic Fi xtures. —(See F i x tur es ,

Code.
—(See Coa

’
e, Tele

a telegraph ic

Tel egraph ic Fixtures,House-Top
(See F i x tur es , Teleg r apni c House Tofi .)

Tel egraphi c Ground Ci rcui t—(See Ci r ~

cu i t , Gr ouna
’

, T eleg r apni c .)

Tel egraphic Joi nts. —(See join t , T ele

g r apni c or Telepnon i c.)

Tel egraphic Key .
-(See Key , T eleg r ap/z

0)

Tel egraph ic Line Ci rcu i t .
—(See C i r cu i t ,

L i ne, T eleg r apni c .)

Tel egraph ic Needl e—(See Needle, Tele

g r apni c .)

Tel egraph ic Paper Winder .
—(SeeWi nd-r

er s , Teleg r apni c Paper .)
Tel egraph ic Pocket Rel ay .

—(See Relay ,

Pocket Teleg r ap/zi c .)
Tel egraphi c Reg i ster .

—(See Reg i ster ,

T eleg r apea .)

Tel egraph i c Swi tch B oard—(See B oa r a
’

,

Sw i tc/z, T eleg r ap/zi c.)
Tel egraph ic T ransl ater .

— (See T r a ns

la ter , T eleg r apnz
'

c .)

Tel egraph i cal l y .

manner.

Tel egraph ing .
—Sending a communica t ion

by means of telegraphy .

Tel egraphy , Acoust ic A non-re

cording sys tem of telegraph ic commun ica

t ion , in w hich the dots and dashes of the

M orse sys tem , or the deflec t ions of the needle
in the need le sys tem, are rep laced by sounds
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tha t follow one another at interva ls , tha t
represen t the dots and da shes , or the de

fiect ions of the needle, and thereby the letters
of the a lphabet .
M orse inven ted a sounder

, for this purpose,
which is used very genera lly . (See Sounder

,

M or se Tel egr apnz
'

c. )
Steinhei l and B r ight each invented acoustic

sys tems of telegraphy in which elec tro-magne tic
bel ls are used .

For deta ils of the apparatus and system see

Telegr ap/zy , M or se Sy s tem of .

Tel egraph y, Amer i can System of

Aterm sometimes app l ied to the M orse sys

tem of telegraphy. (See Teleg r ap lzy , M or se

Sy stem of .)

Tel egraph y and Tel ephon y , Simul tane
ous , O ver a Singl eWi re —Any sys tem
for s imultaneous transmis s ion of telegraph ic
and telephon ic messages over a s ingle w ire .

These systems are based , in genera l , on the

fact tha t a gradua l make-and-break in a tele
phone c ircu it fa ils to apprec iably afi

’

ect a tele
phone diaphragm . By the use of gradua tors the
makes and breaks required for the transmission
of the telegraphic dispa tch are effected so grad
na lly tha t they fa il to apprec iably influence the
telephone diaphragm , and thus permi t simu ltane
ous telegraphic and telephon ic transmiss ion over
a s ingle w ire. (See Gradua tor s . )

Tel egraph y , Autograph ic —Aname

somet imes appl ied to fac-s imile telegraphy.

(See Teleg r apny , Fa c-Simi le.)
Tel egraph y, Automat i c —A sys tem

by means of wh ich a telegraph ic mes sage is

automa t ical ly transmi tted by the motion of a

previous ly perfora ted fi l le t of paper con ta in
ing perfora t ions of the shape and order re

quired to form the message to be transmitted .

T he paper passes between two terminals of the
ma in line, the c ir cui t of which i s completed when
the termina ls come in to con tac t a t the perforated
par ts

,
and i s broken when separa ted by the

unperfora ted parts of the paper .

In the automatic telegraph some form of regis
tering apparatus is employed .

In the Whea tstone system, the perfora tions
mechan ica lly con trol the movemen ts o f the levers
which make con tacts between the l ine and the

ba ttery .
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Tel egraphy , Doubl e-Needl e —Asys

tem of need le te legraphy in which two sepa
rate and independently opera ted need les are

emp loyed .

This sys tem di ti
'

ers from the s ingle-needle sy s

tem on ly in the fac t tha t tw o needles , entirely ih
dependent oi each other , are mounted side by side ,
on the same dia l , so as to permi t the ir s imul tane
ous operation by the r ight and left hand of the

T he advan tage of automa tic telegraphy ar ises
from the fact tha t the rate of transmiss ion or re

cepti on of signals does not depend on the expert
ness of the Operators , and the messages may be

perforated on the s lips preparatory to transmis
s ion .

Type-printing telegraphs are often used for

registering appara tus
,
in which case the im

pulses requ ired for the transmiss ion of the dif
feren t letters are automa tically sent in to the l ine
by the depression of corresponding keys on a

su itably a rranged k ey -boa rd .

Tel egraphy, Chemi cal A sys tem
by means of w h ich the clos ings of the ma in

l ine-circu i t , correspond ing to the dots and

dashes of the M orse alphabet , are recorded
on a fi l le t of paper by the electrolyt ic act ion
hi the curren t on a chemica l subs tance w ith
w hich the paper fi lle t is impregnated . (See
Recorder , C/zemi ca l , B a i n

’

s .)

Tel egraph y, Contrapl ex Duplex
telegraphy in wh ich transmis s ions a re s imul
taneous ly made from Oppos ite ends of the

l ine .

When the tran smiss ions are s imu l taneous ly
made from the same end of the l ine , the sys tem i s
ca lled diplex telegraphy . (See Tel egrap/zy , D i

f l ex . )

Tel egraph y , Dial —A sys tem of

telegraphy in w hich the messages are received
by the motions of a need le over a d ia l p la te .

(See Teleg r apny , Step-by -Step .)

Tel egraphy , Dipl ex —Amethod of

s imultaneously send ing two messages in the

same direct ion over a s ingle w ire.

D iplex telegraphy is to be distingu ished from
duplex telegraphy , where two messages a re s imul
taneously transmitted over a single wi re in oppo

s i te d irection s .
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operator . Ea ch needle has therefore a separate
W i re .

T he increase in Speed of s igna l ing thus obta ined
i s not, however. suffi cien tly grea t to balance the
increased expen se of construction . Singl e

-needle
in strumen ts

,
therefore, are preferred to those

w ith two needles .

Tel egraph y , Dupl ex, B r i dge M ethod of

—A sys tem whereby two telegraph ic
messages can be s imul taneously tran smitted
over a s ing le w ire in Oppos ite d irect ions .

Various duplex telegraphs have been devised .

T he B r idge D uplex i s shown in Fig . 528. T he

receiving relay i s placed in the cross w ire of a

Wbea ts tone br idge. (See B r idge, E lectr i c. )

Fig . 5 28. Dup lex Teleg r apny , B r i dg e, {Wet/20d .

When the ends of this cross w ire are a t the

same poten tia l, which w il l occur when the res is t
a uces in the four arms are proportiona tely cqua l ,

no curren t passes .

T he battery i s connected through the trans
m itter K,which i s arranged so tha t the ba ttery
con tact is made before the connection of the l ine
to earth is broken , to H

, where the circui ts
branch to form the arms of the br idge. Adjust
able res is tances A, B , are placed i n the two arms

of the br idge .

T he li ne w ire L, connected as shown ,
forms

the third arm
,
and a r /zeos ta t or other adjustable

resis tance R , connected to a condenser C , as

shown , forms the four th a rm . (See R/zeos ta t . )
T he relay M , i s placed in the cross w ire of the

bridge thus formed . Sma l l resis tances V , and

W
, are placed in the c ircu it of the battery to pre

ven t injurious short c ircu iting .

As imilar disposition of appara tus i s provided
a t the other end of the l ine . If, now , the four re
s istances a t one end a re su i tably adjus ted , the
relay w il l not respond to the outgoing curren t ;
but

,
s ince an earth c ircu i t i s employed , i t w il l
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Fig . 5 29. Duplex Teleg r ap lzy , Dzjf e r en t i nl di et/t ad .

If the keys a t A, and B ,
are s imultaneously

c losed , the efiect on the l ine is to add the curren t
of the two ba tter ies

,
but each rheos ta t c ircui t i s

traversed by i ts own ba ttery curren t only .

T he l ine connec ted coils of the ga
'

v anometer

have
,
the refore, the s tronger currents flow ing

through them, and the needles of both aremoved ,

jus t as i f, w ith a single ba ttery discharging into
the l ine , i ts resistance had been dec reased . Each

respond to the incoming current. T he relay at

either end , therefore, w il l only respond to signals
from the other end . T he operator may thus
s igna l the distan t sta tion while, at the same time,
h is relay , not being affected by his sending, i s in
read iness to receive s igna ls from the other end .

Tel egraphy, Dupl ex, Di fferent ial M ethod

of Asys tem of duplex telegraphy in
w hich the coils of the receiv ing and transmi t
t ing ins trumen ts a re differen t ial ly wound .

Adifferen tia l system of duplex telegraphy is
shown in Fig. 529. T he coils of the receiving
and transmi tting ga lvanometers at Aand B , are

d iflerent ia lly woun d . O ne of the coils of A, i s

connected to tha t of B , through the line, as

shown ;
'

and the other , i n each to the rheostats
a t R, and R

'

. As these co ils are differentia lly
wound , when equa l curren ts flow in opposite
direction s through e ither of the instrumen ts at A
B , no deflection of the galvanometer occurs .

T he ba ttery at A, has i ts copper terminal , and
tha t at B

,
i ts z inc termina l , connected to earth.

When the keys a t Aand B , a re depressed s imul
taneously , the curren ts sen t into the l ine flow in

the same direction and strengthen each other .

Suppose now tha t on ly the key a t A, be de

pressed . T he cur rent divides equa lly between
rheosta t and l ine, the res istance e a b b '

a
'

e
‘

, r
'

,

be ing made equa l to th e resistance e c d R.

This curren t passes through both coils of the

instrumen t a t A
,
and produces no deflec tion of

the needle ; but s ince i t onl y passes through one

coi l a t B ,
i t deflec ts the galvanometer needle , and

produces a s ignal .
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c ircui t of batteries connected w i th the main line
a t the send ing end of the l ine .

T he compos ite tone thus formed , is separated
in to i ts componen t tones by receiving electro
magnets ca lled l i a rmon i c r eceiv er s ; the armature
of each of which cons ists of a steel r ibbon or

pla te tuned to one of the separa te notes sen t into
the l ine . As the Complex or undu latory curren t
pa sses through the coils of each harmon ic re

ceiver , that note on ly aflects the par ticular arma
ture tha t vibra tes in un ison w i th i ts r ibbon or

reed. T he operator
,
therefore , at this rece iver

i s in commun ica tion only w ith the opera tor a t

the key of the c ircui t tha t i s sending this par
ti cular note in to the l ine. T he same is true of the
other rece ivers .

T he M orse a lphabe t is used in this system,
the

dots and dashes being received as mus ica l tones .

In practice i t w as found tha t there was no d i ffi
culty in each operator recogn izing the particular
sound of h is cw n instrumen t i n receiving, a lthough
many in struments were in the same room .

By a subsequen t inven tion the s ignals received
are conver ted in to the regu lar M orse cha racters
by means of an ingen ious device .

Tel egraph y, Inducti on —A sys tem
for telegraph ing by induction betw een moving
tra ins and fixed s ta tions on a ra ilroad , by
means of impulses transm i tted by induc tion
between the car and a w ire para l lel w ith the
track.

T wo systems of inductive telegraphy are in

actua l use
, v iz

T he Sta ti c Induct ion system of W . W .

Sm ith and Edison , and

T he Cur ren t or Dy nami c Induct ion system
ofWi l loughby Smith and Luc ius J . Phelps .

In the Sy s tem of Sta ti c Induct ion
,
one of the

condens ing sur faces which receives or produces
the charge, cons ists of a w ire placed on the road
so a s to come as near the top of the cars of the

moving tra in as possible . T he other conden s ing
surface i s composed of themeta l roofs of themov .

ing cars .

Each condensing surface is connected to suit .

able ins trumen ts and ba t ter ies
, and to the ear th

the l ine w ire at the fixed s ta t ion be ing connected
to earth through a ground pla te, and the meta l
roof of the cars to ear th through the wheels and

track .

Under these c ircumstances varia tions in the

Charge of ei ther of the condensing surfaces pro .

duce induc tive impulses that are rece ived by the
other sur face a s telegraphic s ignals .

T he M orse a lphabet i s employed , but in place
o f the ordinary receiver or sounder , a telephone
is used .

In t/ze Sy s tem of Cur rent Induct ion , the l ine
w ire is placed n ear the track , so as to be para llel
w ith a coi l o f insula ted w ire placed on the s ide of
the ca r , and which receives theinductive impu lses .

T he coil of w ire on the tra in i s connected w i th
instrumen ts and ba tter ies, and forms a metallic
c ircu i t. T he l ine w ire i s a lso connected w ith
sui table ba tter ies and receiving and transmitting
i ns trumen ts .

An induc tion coi l is genera lly employed , s ince
the grea ter and more rapidly varying -d iflerence

of potentia l of i ts secondary w ire renders i t bet ter
suited for producing eflects of induction . Atele
phone is employed as a rece iver , as in the system
of s ta tic induction . T he meta llic car roo f and
the lower truss rods have been successfully used as
the secondary conductor of the induction coi l .
T he automa ticmake-and break used for opera t

ing the induction cc i l , causes the M orse characters
employed in this system to be received in the

receiving telephone as shr ill buzzing sounds.
T he receiving telephones used on the tra in s

have a resistance of about ohms .

Tel egraphy , Induct ion , Current System
of —A sys tem of induction telegraphy
depending on curren t induc tion between a

fi xed c ircui t a long the road , and a para l lel
c ircui t on the moving tra in .

T he c ircui t on the tra in genera l ly con sists of a
coil of w ire. (See T el egr ap lzy ,

Induct ion . )

Tel egraph y, Induction, Dynamic System
of —Aterm somet imes used in place of

a sys tem of telegraphic curren t induc t ion .

(See T eleg r apny , I nducti on .)

Tel egraph y, Induction , Stat ic System of

—A sys tem of inductive telegraphy de
pending on the s ta tic induct ion between the

sending and receiv ing ins trument .

Afixed w ire placed along the road so as to come

near ano ther w ire or meta llic surface on the mov

ing tra in , impar ts to the latter a sta tic charge ,
which i s utilized for the transm iss ion of dispa tches .

T he meta l roof of the car is genera l ly used for the
condens ing surface receiving the charge. (See
Tel egr ap/t Induct ion . )
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Tel egraph y , M achi ne -Aterm some

t imes app l ied ins tead of automat ic telegraphy.

( See T eleg r ap/ty , Automa t i c.)

Asystem of telegraphy is properly ca lled ma

c hine telegraphy w hen both the transmiss ion and

t he rece iving o f the telegraphic messages are ac

complished by machine, ins tead of by the hand , as
usual .

Tel egraphy , M orse System of —A
sys tem of telegraphy in wh ich makes and

.b reaks occurring at in terva ls corresponding
t o the dots and dashes of the M orse a lphabet
a re received by an e lectro-magnetic sounder
or receiver.
Ameta ll ic lever A,

Fig . 53 1 , i s suppor ted on a

pivot a t G , be tween two set screw s D ,
D

, so a s to

h ave a sl ight movemen t in a vertica l plane . This
motion is l imi ted in one direction by a s top a t C ,

c a lled the a nv i l or f r on t con ta ct , and in the o ther
d irection by a set screw F, which consti tu tes its
ba ck s top .

T he fron t stop C , i s provided w ith a platinum
c on tact '

or s tud , which may be brought in to
c on tact w ith , or separa ted from ,

a s imilar stud
p laced directly opposite i t. These con tacts are

c onnec ted to the ends of th e circui t so that on

t he movemen ts of the k ey , by the hand of the

o pera tor placed on the insu la ted head B , the line
i s c losed and broken in accordance w i th the do ts
a nd dashes of the M orse a lphabe t . Aspring, the
pressure of which i s regul ated by the screw F

'

,
i s

p rovided for the upward movemen t of the k ey .

Asw itch H , i s provided
“

for c losing the l ine w hen
t he key i s not in use .

The sy stem genera lly used in the Uni ted Sta tes
i s known as the C losed C ircu i t System, the ba t

tery being connected to l ine whether the l ine is in
use or not. This battery is genera lly placed at

bo th ends of the l ine.

In Europe , the O pen-C ircui t System is gen

[To].

eral ly used . Al terna ting curren ts and po larized
relays a re employed . O ne pole is conn ected to

the line a t the fron t of the key , and the o ther
pole to the back of the key . When the line is
not in use, i t is connected to ea rth a t both ends
by sw itches convenien tly placed for the Opera tors .

With this system, in termedia te sta tions must each
have a ma in ba ttery

, w hile in the c losed-circui t
sys tem, the termina l batteries answer for al l inter
media te ofli ces , which in some cases amoun t to as

many as fi fty .

In the M orse system, each s ta tion is provided
w ith a key , relay , sounder or regis ter , and local
battery . T he c losed-circu i t, connecting one

sta tion w i th another
,
be ing broken by the Open

ing of the sw itch H , or the working of the key ,

so as to Open and c lose i ts con tacts , the arma tu re
of the relay opens or closes the c ircu it of the

loca l battery and operates the sounder or register
ing appara tus connected therew i th . (See Sounder ,
M or se Telegr ap/zi c . Appa ra tus , Regi s ter ing ,

Tel egraphy , M ul t i pl ex —Asys tem
of telegraphy for the s imul taneous tran smis
s ion of more than four separa te messages

over a s ingle w ire. (See Teleg r ap/zy , Sy n

cbr onozcs—M u l tzf lex , Dela ny
’

s Sy stem .)

Tel egraph y, Needl e System of —A
sys tem of telegraphy in which s ignals are

transmitted by means of the movemen ts of

need les under the influence of the elec tri c
curren t . (See Teleg r ap/z S ing le

-Needle .)

Tel egraph y, Phonopl ex —Asys tem
of telegraphic transmiss ion in wh ich pulsa tory
curren ts , superposed on the ord ina ry M orse

curren ts , ac tua te a modified telephon ic re

ceiver, and thus permit the s imultaneous
transmiss ion of severa l separa te messages

over a s ingle w ire w ithout interference .

Tel egraphy, Pr i nt i ng —Asys tem of

telegraphy in wh ich the mes sages received
are printed on a paper fi l let .
In Ca llahan ’

s Prin ting Telegraph , two type
wheels are employed , one of which carries letter
type and the other numera ls on i ts c ircumference .

These p r in t i ng wheel s a re placed alongside of

each other, as shown in Fig . 532,
but on separ .

a te and independent axes .

T he type wheels are moved by a stepb y-step
device . T he impulses necessary to br ing the
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d esired letters in position for printing are auto
matical ly sen t by a c ircui t maker and breaker .

These impu lses are sen t in to the l ine by the de

pression of keys on a suitably arranged key

board .

When the proper letter or numera l i s reached
a t the receiving end , the prin ting w heel is
s topped , and a paper fi llet i s pressed aga inst its
surface. T he prin ting whee l is kept covered
w i th ink by mean s of an inked roller .

T he transmitting in strumen t i s similar in i ts
Opera tion to the B reguet man ipu la tor . Separa te
transmitters are u sed for each of the w ires . (See

T elegr aplty , Step-by Step . )

Fig . 5 3 2. Ca l l a ha n
'

s Pr /nt z
'

n; Ti leg r ap/z.

T el egraph y, Quadrup l ex -Asys tem
for the s imultaneous transmiss ion of four mes

sages over a s ingle w ire, tw o in one direc t ion
a nd the rema ining two in the oppos i te direc
t ion .

Quadruplex telegraphy cons ists in fac t of du
plex telegraphy duplexed .

There are various systems of quadruplex teleg
raphy . T he most impor tan t are the br i dge

method and the difi
'

er en t ia l method . (See Tel eg
r ap/zy , Quadrup l ex , B r i dge M et/10d of . Telegr a

p /zy , Qua drup l ex , D ifi
'

er en t i a l M et/rod of . )

Tel egraph y, Quadrupl ex, B ri dge M ethod
of —Asys tem of quadrup l ex telegraphy
by means of a double bridge duplex sys tem.

(See T eleg r ap lzy ,
Qua dr up lex .)

In the bridge method of quadruple x telegraphy ,
a s in the d iflerentia l method

, changes in the polar
i ty and strength of the curren t are utilized to

establish a double duplex system of transmiss ion .

Fig . 533 from Prescott’s Electr ic ity and Electr ic
’fromwhich the follow ing description Tel eg raph y, Quadrupl ex,

[Te].

Di fferen t i a l

i s taken , show s the method fir st employed by the
Western Un ion Telegraph Company in 1874 .

Adouble curren t tra n smitter , or pole changer ,
i s shown at T

'

, w i th its operating key K
'

and

loca l ba ttery e
'

. This instrumen t in terchanges
the poles of the main battery E

'

, when K, i s de

pressed , and thus reverses the polari ty of curren t

on the line.

T he incremen t transmitter T 9
, is connected to

the ba ttery w ire 12 of T
'

, in such a way tha t
when K '

, i s depressed , the ma in battery E
'

,
is

placed in series w ith battery E
,
Of say tw ice the

strength of E
'

, thus permi tting a current of three
fold the origina l s trength to be sen t in to the l ine .

Fig . 5 3 3 . Quad rup lex Teleg r ap/zy , B r i dg e M et/cod .

T wo rece ivi ng instrumen ts R'

and R2
, a re

placed at the distan t end of the line. R
'

,
i s a

polarized relay whose arma ture is deflected in
one direction by pos itive curren ts , and in the

opposi te direc tion by negative curren ts , independ
en tly of their strength . Tha t i s to say , R

'

, re

sponds to changes in the direction of the curren ts
tha t pass through i ts coils , but not to changes in
their strength . (See Rel ay ,

Pola r i zed . )
Relay R2

, i s non-polarized and the movemen ts .

of i ts soft iron arma ture depend on a change in
the strength of the curren t only . Tha t is to say ,

R”
, responds to changes in the s trength o f the

curren t passing through i ts coils , bu t not to

changes in their direction .

These two relays R and R9
,
are placed in the

bridge W i re of a Whea ts tone br idge . T h e t I
'

l l lI'C’

appara tus of transmi tting keys and re lays i s

duplica ted a t each end o f the l ine . Under these
condition s , sign a ls transm itted from either end of

the line a ffect the ins trumen ts a t the other end of

the l ine, but not the ir own in strumen ts
,
in the

same manner as in the cas e of the br i dge da

p l ex . (See Tel egrap/ty ,
D up l ex , B r idge M et/zod
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Tel egraphy, Simp l ex —A sys tem of

telegraphy in w hic h a s ing le mess age on ly
can be sen t over the l ine.

Tel egraph y, Si ngl e-Needl e —Asys

tem of telegraphy by means of wh ich the

s igna ls transmi tted are rece ived by observing
the movemen ts of a ver t ica l need le over a

d ia l.

Whea tstone a nd Cooke’s Si ng le-Need leAfi a o .

r a tus , In ter na l Ar r a ng emen t .

M ovements of the top of the n eedle to the r ight

5 14

of the observer represen t the dashes , and move-r
men ts to the left, the dots of the M orse alpha
bet .

T he single-needle appara tus ofWhea ts tone and'

Cooke’s system i s shown in Figs . 535 , and 536 ,

Fig. 535 , shows the externa l appearance, and Fig r

a nd Poi n ter .

Fig . 5 3 7 . lVIzea ts i one a nd Cooke
’
s Sing le-Needle A19.

pa r a tus , Ex ter na l Vi ew .

536, the interna l a rrangemen ts as seen from the
'

back . An asta tic n eedle is placed ins ide two coi ls
of insula ted w ire C C . O n ly
one of these needles N,

i s v is

ible on the face of the receiving
instrumen t . T he curren t from
the l ine en ters a t L , passes
through the coil C C , and

leaves a t N .

T he movemen ts of the needle
to the r ight or the left are ob

ta ined by changing the d irec

tion of the curren t in the coi ls
C C . This i s effected by work
ing the handle w hen sending,
and thus moving the commuta
tor at S, S, and bring ing the
con ta ct springs res ting thereon
in to differen t con tacts .

In the more modern form of sing le-needle in
strumen t , show n in Fig . 537, a s ingle magnetic
needle N S

,
Fig. 538, on ly is placed in the

coil .
This needle i s r igidly a ttached to a light needle

'

a
,
b , used on ly a s a pointer, and i s a lone vis ible

in the fron t of the instrument . T he rela tive di s
posi tion of these need les is shown in Fi g. 538.

T he rev ersa ls of the curren t , requ ired to deflect
the needle to the r ight or left, are obta in ed by
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means of a douele key or tapper , shown in Fig .

5393

The levers L and E
,
are connected respectively

to line and ear th , and , when not in use, res t aga in st
C , connected w i th the posi tive
s ide of the ba ttery ; but when de
pressed connec t w i th Z, a ttached
to the nega tive s ide of the bat

tery .

T he depression ofL,
therefore,

sends a nega tive curren t into the
line and deflects the needle , say ,
to the left, while the depress ion
of E,

sends a positive curren t into
the l ine and deflec ts the needle 16 3 5 3 9. Double

to the r ight . T he terms pos i tiv e Key 0"Tar?”

and nega t iv e cur ren t : are used i n telegraphy to
indica te currents whose di rection i s pos itive or

negative.

Tel egraphy , Speak ing -A sys tem
for the telegraph ic transmiss ion of art icula te
speech . (See Td ef /zone. )

Tel egraphy , Step-by-Step -A sys

tem of teleg raphy in which the s igna ls are

regis tered by the movemen ts of a needle over
a dia l on w h ich the letters of the a lphabet ,
etc . , are marked.

D ia l telegraphs are espec ia lly employed for

commun ication by those who are unable to readily
read the M orse characters.
T he annexed instrumen t , devised by B reguet,

w as formerly used on some of the ra ilw ay sy s

tems of France .

Aneedle advances over a dia l by a step-by-step

movemen t in one direction on ly . T he al terna te
to-and-fro mo tions of the arma ture o f an elec tro
magnet are employed to impar t a step-by-step
mot on to a pecul ia rly shaped too thed w hee l

5 15 [Tel .

T, T, Fig. 540, through the action o f a horizon ta l
arm0, a ttached thereto , and moving between the
two prongs of a fork d , vibra ting on a horizon ta l
axis to which i s a tta ched a ver tica l pal let i .
T he rece iving instrumen t is cal led the z

'

ndi ra tor ,

and cons ists of a needle attached to the ax is o f
this wheel . T he needle moves over the face of

F1} . B r eg uet
’

s Ill a m
'

jfu la tor .

Below the dia l face , and a ttached to the same

axis as the movable a rm ,
is a w heel provided

w ith undula tions cons isting o f thirteen eleva t ion s
and thirteen dep ress ions .

the dia l , shown in Fig . 54 1 , on which aremarked
the letters of the a lphabet and the numera ls .

T he sending instrumen t i s ca lled the manz
’

pu .

lator . It cons ists of a device for readily sending
over the l ine the number of success ive impulses
requ ired to move the needle step-by -step from
any letter on the indica tor to which it may be

po in ting , to the next i t is desired to send .

T he dia l , shown in Fig. 542, is marked on i ts

face w i th the same characters as the indica tor .

T he edge of the wheel i s provided w ith twen ty-six
notches in which a pin a ttached to a movable arm
engages . T he arm is jointed so tha t i t can be

placed in any of the notches on the face of the

wheel .
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A lever T ,
pivoted a t a , rests in these undu

lation s at i ts upper end , and plays be tween two

con tact poin ts a t P and Q .

If, now , the dia ls o f the indica tor and the man

ipul a tor both being a t O ,
a movemen t i s given to

the arm by the handle M , to any po in t on the

man ipula tor , there are thus produced the requ ired
number of makes and breaks to move the needle
of the indica tor to the corresponding letter or

character .

Tel egraph y , Submar i ne —Asys tem
of telegraphy in wh ich the l ine w ire con s is ts
of a submarine cab le.

In long subma rine cables , in order to avoid
r eta rda t ion from the sel f-induction of the cur

ren t, and the s ta t i c cha rge arising from the cable
acting a s a conden ser , very smal l curren ts a re

used . T o detect these a very sen sitive receiving
instrumen t, such a s the mi r r or ga lv anometer , or

the s ip/1072 r ecorder , i s employed . (See Ga l va

nometer
,
M i r r or . Recorder , Sip /ton . )

According to Cu lley, the reta rdation in the

case of one of the submarine cables between
New foundland and Ireland , amoun ts to tw o

ten t/zs of a s econd before a s igna l sen t from one end

produces any a pprec iable effect a t the other end ,
while t/zr ee-ten t/zs of a second are requ ired for the
curren t through the cable to ga in i ts full strength .

Tel egraph y , Synch ronous-M 11 1 t i p 1 e x ,
Del any

’

s System —A sys tem devis ed
by Delany for the s imul taneous telegraphic
transm iss ion of a number of messages either
a l l in the s ame d irec tion , or part in one dirce
t ion and the rema inder in the Oppos ite dirco
t ion .

T he Delany system embraces the follow ing
parts

A c ircula r table of a l terna tel y insu la ted
and grounded con tac ts at e ither end of a tele
graphic l i ne .

A synchron ized rota ting arm or tra iling
contact ,

'

a t each end of the line , dr iven by a

p lzom
’

c zo/zeel , and ma in ta ined in synchronous
rotation by means of elec tri c impu lses automa tic
a lly sen t out over the ma in l ine in e ither d i rec
t ion , on the fa ilure o f the w hee l a t ei ther end to

rota te synchronously w ith tha t a t th e other end .

Transmitting and receiving instrumen ts
connecting s imila r con tac ts a t ea ch end of the

ma in l ine , and forming practica lly separa te and

independen t l ines for the s imu ltaneous transmis

s ion Of dispatches over the ma in l ine in either
direction .

T he ma in line is s imul taneously connected a t

both of i ts ends to corresponding opera ting in
s trumen ts

, and transferred from one set Of instru
ments to another so rapidly tha t the Opera tors

,

either sending or receiving , cannot rea l ize tha t
the l ine has been disconnected from their instru
men ts and given to o thers , because each of them
w il l a lways have the l ine ready for use, even a t

the highes t ra te Of man ipulation
, and w i ll , there

fore, to al l practica l intents and purposes, have
a t h is disposa l a pr iva te w i re between himself
and the Opera tor w ith whom he i s in communica

tion .

Therefore
, although more than one Opera tor

may be spoken Of as simultaneously us ing the

l ine at any given time, yet in rea l ity no two ope

ra tors are absolutely us ing i t a t the same time ;
but they follow one another a t such shor t in
terval s

,
and the l ine is taken from one Operator

a nd transferred to another so rapidly , tha t none
Of them can a t any time tell but tha t he h as the
l ine a lone , and tha t therefore it i s prac tica l ly
Open for the use of every Opera tor jus t as if he
a lone had con trol of i t .
There w i ll , therefore, be es tablished

,
by the

use Of a s ingle l ine , as many pr iva te and separa te
l ines a s there are tran sferences of the l ine from
the time i t i s taken from the fi rs t Opera tor , and
aga in given back to h im .

This sys tem ha s been extended to a s many as

seven ty-two distinct and separa te pr in t ing c ir

cu its , ma in ta ined and Opera ted on a s ing le con

necting l in e w ire .

T he speed a t which the c ircu itsmay be Operated
is in the inverse order of the number of c ircu its
organ ized . T he best results , ' practically , a re

Obta ined from s ix divis ions Of the con tacts in the
c ircle, w hich gives each opera tor abou t 36 con

tac ts w ith the line per second , a speed which ad

mits O f the highest ra te of tran sm ission on each Of
the s ix c ircu its .

Fig . 543 show s the apparatus at each end of

the line, a t the stations X and Y . T he appara tus
at each end is subs tan tia lly iden tical . A steel
fork a , at each sta tion ,

i s automa tica lly and con

t inuously vibra ted by the action of the loca l bat
tery L . B , and the e lec tro-magnet A,

ca lled the
v ibr a tor magnet .

Pla tinum con tacts x , x 1 , placed on the inner
fa ces of the tines of the fork , make and break
con tact w ith delica te con tact springs y , y 1 .
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w ith the w ire r , and w ith the con tacts 1 and 5
RI i s connected by r l , w i th the con tac ts 2 and 6 ,

R’
,
by the w ire r ’, w ith the contacts 3 and 7,

and RV
,

’ by the w ire r
“
, w ith the con ta cts 4 and

8. Simi lar in s trumen ts and c ircu its are placed
a t each end of the l in e .

-Wi thou t further descr ibing the Operation Of the
instrumen ts shown in the figur e, i t need on ly now
be borne inmind tha t the corresponding relays at
the distan t s ta tion s are connected w ith the corre
spondingly numbered con tacts . When , therefore,
the tra il ing con tact finger at each s ta tion simu l
taneously touches the contacts bearing the same

number, the corresponding ins trumen ts connected

s g . 5 4 6 . Work ing a nd Recei v i ng Cur r en ts .

w ith these con tacts at each sta tion w ill be placed
in commun ica tion over the ma in l ine, the tra iling
con tac t finger f, comple ting the connec tion Of
the ma in l ine w i th the contac t arm in the man

ner already descr ibed .

Tel egraphy , T ime A sys tem for

the telegraphic transmiss ion Of t ime.

A system of time telegraphy includes a ma s ter

c lock , themovements ofwhose pendu lum automat i

ca l ly tran smi t a number Of elec tr ic impulses to a

number Of seconda ry clocks and thus moves them ;
or self-w inding clocks are employed

, which a re

corr ec ted da ily by an impu lse sen t over the line
from a master c lock. (See Clock, Electr ic. )

Tel egraph y, Wr i ti ng —Aspec ies Of
fac-s imile telegraphy , by means of w h ich
the mot ions of a pen a ttached to a transmit
t ing ins trumen t so vary the res is tance on

two l ines connec ted w ith a receiving in stru
men t a s to cause the curren t received thereby
to reproduce the mot ions , on a pen or s tylus ,
w h ich transfers them to a sheet of paper.

5 18 [Tel .

A s ys tem of writing telegraphy cons is ts
es sen tia l ly of transm itt ing a nd rece iving in
s truments connec ted by a double l ine w ire .

T he transmittin g ins trumen t i s shown in Fig .

547.

Fig . 5 4 7 . Tr a nsmz
'

tter of Teleg r ap/zy .

Astylus or pen resting on a top pla te, i s con
nected by th e rod C , w ith a ser ies Of s teel con tac t
spr ings S, S, secured to the base and placed a t

r ight angles to one another. A series of res is t
ances R, R, are connected w ith the low er ends
Of these contac t springs . T wo con tact bar s

,

B
,
B

, are provided on the s ide fac ing the springs
w ith pla tinum con tac ts Oppos ite the con tac ts on
the spr ings . T he sty lus rod C , is securely fixed
to the base , but a spr ing a t the lower end per

m i ts of i ts free movemen t. Apressure block a t

P
, i s fas tened to the stylus rod , as show n

, and in

i ts norma l pos ition the pressures are adjus ted so

tha t con tac t i s secured w i th the firs t spr ing.

A movemen t Of the stylus, as in w r i ting,
presses the con tac t ba r aga ins t the spring , vary
i ng the position and number Of con tacts , and

thereby cutting in or out the resis tance necessa ry
to effec t the proper movemen t Of the rece iv ing
pen .

T he rece iving instrument i s shown in Fig . 548.

I t cons ists Of two elec tro-magnets placed a t r ight
angles to each o ther . A double a rma ture sup
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ports the rece iving stylu s or pen in the manner

shown . T he var ia tion s in the curren t sen t over
the line by the varying resistances . in troduced
in to the c ircu i t , or cu t ou t or in by the action of

the transmitting stylus , causes varia tion s in the

pos ition of the double arma ture , under the vary
ing magnetic a ttrac tion of the receiving electro
magnet, and thus causes the receiving pen to

correc tly reproduce the motions of the trans
mitting pen .

Fig . 5 48. Receiv er of PVr z
'

t i ng Teleg r aph

This system has been Operated over a l ine
nearly 500 miles in length , when i t successfu lly
reproduced wr itten characters.
T he author is indebted for the d raw ings and

the genera l facts to the E lectr i ca l Engi neer Of
New York .

Tel cf l l ydrO
-B arometer , El ectr ic

An appara tus for elec trica l ly transmitt ing to,

and record ing a t a d is tan t s ta t ion the heigh t
O f wa ter or other l iqu id .

Tel e-M anometer , El ectr i c —A
gauge for elec trica lly ind ica t ing and record
ing pressure at a dis tance .

T he tele-manometer includes a pressure gauge
furn ished w i th elec tr ic con tacts Opera ted by the
movemen ts Of the needle of the s team gauge , for

ins tance , and indica ting and record ing appara tus .

An a larm be ll i s provided to ca l l atten tion to any

ri se Of the pressure above or i ts fa ll below .the

given or predetermi ned l imits for which the

hands have been set .

Tel emeter .
—An appara tus for elec trical ly

indica ting and record ing a t a d is tance the

pressure on a gauge, the reading of a t her
mometer , or the indica tions of s im ilar i h

struments . (See Tele-Hy dr o-B a r ometer ,

Electr i c . Tele-M anometer , Electr ic . Tele

Tnermometer , Electr i c .)

Tel ephone - TO commun ica te by means

of a telephone .

Tel ephone
—An apparatus for the elec tric

transmiss ion Of art icu late speech .

T he articula ting telephone, though fi rst
brought into publ ic use by Bell , w as inven ted by
Re is , in Germany , in 186 1 . In Amer ica , after
very protracted litiga tion ,

Bell has been dec ided
lega lly to be the firs t inven tor , bu t sc ientific men
very genera lly recogn i ze the pr inciples of the in
ven tion to be fully an ticipa ted by the ea rlier ih
strumen ts of Re is . Bell , however , i s jus tly en

titled to the credit of inven ting the fi rst really
successfu l telephone .

In B ell’s magneto-electr i c tel ep/zone , the

transmitting and receiving instruments are iden
tica l . Aco il C ,

of in sula ted w ire connec ted w i th
the line, i s placed on a core Of magnetized steel ,
moun ted Opposite the centre Of a c ircu lar d ia

phragm
Of thin sheet iron , rigidly supported at

i ts edges .
In transmitting , the message is spoken into the

mouthp iece at one end , as a t D ,
in Fig . 549, and

the to-and-fro motions thus
imparted to the meta llic
diaphragm a ttached to the

mouthp iece P,
produce in .

duct ion cur ren ts in the coi l

C ,
on the magnet M . (See In

duct ion ,
E lecl ro Dy nami c . )

These impulses , pa ss ing over
the ma in l ine E L ,

Fig . 5 50,

produce s imilar movemen ts
in the diaphragm P

'

, Of the
receiving instr ument, at D

'

,

and thus cause i t to repro
duce the message , in a rt icu

la te sounds , to one listen ing a t the receiving in

strumen t. A groun d c ircu i t i s shown in the

figure , as usua l ly employed in prac tice , except
for long distance and in large ci ties .

Fig . 5 49. Telephone .
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A
.

magneto-telephone const i tu tes in rea li ty a

magn eto-e lec tr ic machine, dri ven or prope lled by
the voice of the Speaker , in w hich the curren ts
so produced ins tea d of be ing commuted are em

ployed un commuted to reproduce the u ttered
Speech .

In actual prac tice the in strumen t above de

scr ibed is replaced by the electro-magnet i c tele

p lume
, in which the to-and-fro motions Of the

transmi tting di aphragm are ca us ed to vary the

res is tance of a but ton of ca r bon
,
or a v a r i able con

ta ct tr a nsmi t ter similar to
tha t employed by Reis in
some of his ins truments .

T he variable resis tance
i s placed in the c ircu it Of
a battery , so tha t on

speaking in to the tran s

mi tter , elec tr ic impulses
are sen t over the line and

are received by a tele
phone w i th a magnet cor e

provided w ith a coil in th e
ma in-line circu it .
T he telephone is ar

ranged for ac tua l com .

mercial use in the Uni ted
Sta tes in the man ner Fig .

shown in Fig . 5 5 1 .
fla w ! “

Tel ephone. B i —A term some t imes

a pplied to a doub le telephone rece iver so ar

ranged as to perm it Of eas y app l ica tion to

both ears Of the l is tener a t the receiving ih

s trumen t .

Tel ephone CordS.
—(See Cor ds , Tel e

p lro ne.)
Tel ephone, El ec trO-Cap i l l ar y —A

telephone in w hich the movemen ts Of the

transmi t ting dia phragm produce currents by
means Of vari a t ions in the elec tromot ive
forces of the con tac t surfaces Of liqu ids in
cap il lary tubes . (See P/zenomena , Electr o

Cap i l la r y .)
In B re

g
uet

’
s telephone bo th the tran smi tt ing

a nd the recei ving mstrum&rts a re s imi lar in con

[Te].

s truction and Opera te by means of electro-e pi l
la ry phenomena . Avert ica l mp il lary tube com

mun icates a t i ts upper end w ith an a ir space

below a diaphragm, and at i ts low er end w ith a

mercury s urface on w hi ch ra ts a layer of aci du
la ted wa ter .

Aline w ire conn ects the mercury res ervoirs of
the tra nsmitting and rece ivin g ins trumen ts , the
rema inder of the c ircui t be ing formed by ano ther
w ire connec ting the mercury near the upper parts
of the two ver tica l tubes .

T he a l tera tion s in the con ta c t surfaces at the

tra n smitting end p roduced by the movemen ts o f

the diaphragm,
cause e lec tric impulses tha t pro

duce simi lar movemen ts Of the dia phragm at the

rece iving end .

Tel ephone, El ec tro-Chemi cal —A
name sometimes given to the Edison elec tro
motogra phic telephone. (See T elep lzo ne,

E lectr a-J f oto
g
r apk i c .)

Tel ephone, Electro-l l otographi c
Atelephone in w hic h the receiver cons is ts of

a d iaphra gm of mica or o ther elas t ic ma terial
O pera ted on the princ ip le Of the elec tro

motograph .

As tra i ght lever, w hi ch forms par t of th e li ne
c ircu it, is r igidl y a ttached a t one end to the cen tre

of the receiving di a phragm, and res ts near i ts

o ther end on the surface Of a cha lk cylinder
mois tened w i th a so luti on of caus tic po tas h or

potass ium iodide , ma in ta ined in ro ta ti on by sui t
able mechani ca l mea ns .

Electr ic impulses being sen t in to the l in e by the
vo ice of a speaker ta lking at a transmi tter of ordi
nary con s truct ion reduce the fr ict ion be tween the

l ev er and the cylin der , and produce sl ipping
movemen ts Of the lever tha t reproduce ar ti cu la te
speech in the rec e iving diaphragm.

Tel ephone, React ion —Ah elec tro
magnetic telephone in w h ic h the curren ts in
duced in a coil of w ire a t tac hed to the d ia

phragm a re pass ed through the coi ls of the

elec tro-magn et , and thus reac t on and

s treng then it .

Tel ephone Sw i tch ,Automat ic
Sw i tc/z,

’

T elep /zone , Automa t ic .)

Tel ephon ic —Pert a in ing to the telephone.

Tel ephon i c Al arm.
—(See Ala rm, Tele

p ita/t i c .)



https://www.forgottenbooks.com/join


'

Tem.]

Two lines are provided, an up and a down l ine,
tha t cross each other a t regular in terva ls. Each
l ine is in segmen ts, and the a l terna te segmen ts
are insulated from each other , bu t are connected
e lec trical ly by cross-pieces on the suppor ting
p osts . In this way the line shown in Fig. 553 i s

obtained .

T he two lines are ma in ta ined a t a difference of

poten tial by a dynamo-electric machine a t D
,

Fig . 554. As the tra in a t L T , or L
'

_
T ’

,
is of

such a length as to come in to con tac t w i th two
d ifi

'

eren t segmen ts at the same time, i t rece ives a

c urren t suffi cien t to run themotor connected w i th
“i t, the curren t being received through a condue
tor joining a pair of wheels that are insula ted
from the truck .

T he
’

genera l arrangemen t of the l ine i s shown
i n the annexed Fig . 554

Fig . 5 5 4 . Cz
’

r cw
'

tf or Telpli cr ag e Sy s tem .

TemperatureAl arm—(SeeAla rm, T em

per a tur e.)

Temperature, Effects of, on El ectr i c Re
s i stence —(See Res i sta nce, Ej ect of
H ea t on Electr i c .)

Temper i ng , El ectr i c —7 -A process
for tempera ing metals in w h ich heat of elec

tric origi n is emp loyed ins tead of ordinary
furnace hea t.

Temporar y Intensi ty of M agnet ization

(See Mag netz
’

z a t i on , T empor a ry I n tens i ty

Tens ion , El ectr ic —A term often
loosely appl ied to s ign ify indifferen tly surface
d ens i ty , elec tromotive force, d ielectric s tres s ,
or difference of potent ial .
Thi s term i s now very gener a lly abandoned.

Termi nal , Cabl e —Awater-tight
covering provided at the end of a cable to

preven t injury to the cable insula tion by the

mois ture of the a ir.

Termi nal , Negat i ve —T he nega tive
pole of a ba ttery or other electric source, or

t he end of the conductor or wire connected

w i th the pos it ive p la te.

[The.

Terminal , Posi t i ve —T he pos itive
pole of a bat tery or other electric source, or

the end of the c onductor or wire connected
to the nega tive p la te.

Termi nal s—A name sometimes appl ied
to the poles of a ba ttery or other elec tric
source, or to the ends of the conductors or

w ires connected thereto.

T he two term ina ls are dis tingu ished as the

pos i t ive and the nega tive. Their n ames are un

l ike those of the battery plates to which they
are connec ted , the posi tive termina l be ing con

nected w ith the nega tive plate and the negati ve
termina l w i th the pos i tive pla te .

Terrestr i al M agneti sm—(See M ag net

i sm, T er r estr i a l .)

Testi ng, M ethods of —Various
methods for determin ing the values of the

curren t s trength in any c ircu it , the difference
of poten tial , the res is tance , the coulombs ,
the farads , the joules , the w atts ,

'

etc. (See
M ea sur emen ts , El ectr i c.)

T he inves tiga tion of an appara tus or c ir

cuit for the purpose of determin ing w hether
it is in s tandard or w orking condition .

Test ing of J oints.
—(See joi n t ,

i ng of .)

Testi ng Pol e.
—(See Pol e, Test i ng .)

Testi ng Trans former .
—(See

f ormer , Test ing .)

Test

Tr ans

Tetanus .
—Con tinuous , spa smod ic contrae

t ion of the muscles .

Tetanus, Acousti c —T etanus pro

duced in a muscle by means of al terna te
curren ts induced in a coil of w ire by a mag

netized s teel spring vibra ting near the coil

w i th suffic ien t rap idity to give a mus ical note.

T he rapidity of the inducti ve shock can be de
termined from the pitch of themus ical note ; hence
the use of the term acoustic .

Theatrophone.
—A sys tem of telephonic

commun ica tion between thea tres or operas
and subscribers , by means of s lot machines .

Any person a t a café , club, res taurant or other
public place, by the thea trophone , i s automati

ca lly placed in commun ication w i th the thea tre
by means of a receiving telephone so as to hear
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the per formance by dropping a g iven piece of

money in the s lot of the machine .

Theodol i te, M agnet ic —An appa
ra tus for measuring the decl ina t ion or varia
t ion of, the magnet ic need le a t any p lace .

A divided c ircle, l ike tha t on a theodol itepi s
supported hori zon ta lly . T he needle i s formed o f

a tubu lar magnet, having an a chroma t ic lens a t

o ne end and a sca le a t the focus of the lens a t the
o ther end .

Theory , Al ternati on , of M uscul ar Nerve
Current —A theory proposed by L.

Hermann , in w hich the currents of nerves or

muscular fibres are regarded a s a resul t of
their a l tera tion from an original condi tion .

Hermann s ta tes

( I . ) Tha t protoplasm undergo ing partia l death
a t any par t, either while dying or by metamor

phos is , becomes nega tive to the un in jured part.
Protoplasm,

when exc ited a t any part, be
c omes nega tive to the unexci ted part.

Protopla sm , when partia lly heated a t any

p art, becomes pos itive, and , on cool ing ,
nega tive

to the unchanged part.
Protoplasm i s s trongly polar izable on i ts

s ur face , the polar iza tion cons tan tly dimin ishing
w i th excitemen t and while dying .

According to this theory
,
pass ive, un in jured

and absolutely fresh tissues are devoid of elec
tr ic curren ts . This ma tter mus t s till be rega rded
a s unse ttled . (See T li cory , M olecular , of M us

c les or Ner ve Cu rr en t . )

Theory, Contact , of Vol ta i c Cel l
( See Cel l , Val ta i c, Con ta ct T lzeory of .)

Theory, Di fference —Atheory a s to
the cause of the elec tri c curren ts exc ited be
tween injured and uninjured protoplasm.

Theory , M ol ecul ar , of M uscl es or Nerve
Cur rent -A theory proposed by Du

B ois Reymond, in w h ich every nerve or mus

cular fibre is regarded a s composed of a

s eries of electromotive molecules a rranged
in series and surrounded by a neutra l con
duc ting fluid .

“ T he molecules are supposed to have a pos i
t ive equa tor ia l zone directed towards the surface
a nd two nega tive polar surfaces directed toward
the transverse section . Every fresh transverse
sec tion exposes new nega tive surfaces , and every

—O ne skilled

artifici a l long itudina l sec tion new posi tive area .

”

—(La ndoi s a nd Ster l ing . )

Theory of E l ectr ic Di spl acement—(See
D i sp la cemen t , Electr i c , Tlzeory of .)
T li erapeutical El ectr i zat ion .

—(See Elec
tr i z a tzon , Tlzer apeut i ca l .)
Therapeut ic B ath, El ec tro

B a t/z, Electro T lzer apeut i c .)
Therapeut ics, E l ectro, or E lectro

Therapy —T he applica t ion of elec tric ity
to the curing of d isease . (See B i ology , Elec

tr o.)
Therapeut i st , El ectr ic

in elec tro-therapy .

An elec tro-medica l prac t it ioner.

Therapy, El ectro -A term some

times used ins tead of electro-therapeut ics .

(See T lzer apeut i cs , Electr a, or Electro

Tner apy .)
Therapy , M agneto

—Alleged elec tro
thera peutic effects produced by the move
men ts of magnets over the body of the

pa tien t .
It is asserted by eminen t author i ti es tha t such

effec ts have an actua l existence . They should,
however , un til more carefully investiga ted , be
accepted w ith extreme cauti on .

Therm.
—A heat un it proposed by the

B ri tish As soc iat ion .

A therm is the amoun t of hea t requ ired to

ra ise the temperature of one gramme of pure
water at the tempera ture of i ts maximum densi ty
one degree cen tigrade . (See Ca lor i e . )

Thermaesthesiometcr .
—An ins trumen t

employed in electro-therapeut ics for tes ting
the tempera ture sense in nervous diseas es .

T he thermaesthes iometer consists of two ther
mometers movable on a s tandard , w i th fla t ves

sels of mercu ry in order to readily apply them to

the skin . T he mercury vessel of one of the two

thermometers is surrounded by an insula ted
pla tinum w ire and may be warmed at pleasure by
passing a ga lvan ic curren t through the w ire.

T he two vessels , brought to differen t tempera
tures , are set on the same part of the skin , one

a fter the o ther , so as to tes t the sens ibili ty of the

skin for the differences in tempera ture .

Thermal Absorption—(See Absorpt ion ,

T lzerma l .)
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Thermal Cautery.
—(See Ca utery , Tner

ma l .)
Thermal Incandescence.

—(See I nca n

descence, T Iterma l .)
Thermic B al ance.

—(See B a la nce, T li er

mi c, or B olometer .)

Thermo-B attery.
—(See B a ttery , Tnermo.)

Thermo Cal l .—Aca l l Opera ted by means

of thermo curren ts .

Thermo-Cel l .—(See Cel l , Tnermo-El ec

tr i c.)
Thermo-El ectr ic B attery .

—(See B a ttery ,

T/zermo-Electr i c .)

Thermo-El ectr i c Cel l .—(See C e l l ,

T lzermo-El ectr i c .)

Thermo-El ectr i c Coupl e
—(See Coup le,

Tnermo-Electr i c .)

Thermo-El ectr ic Di agram.
—(See D i a

g r am, T li ermo-Electr i c .)

Thermo-El ectr i c Effect—(See Ej ect ,

T li ermo-Electr i c .)
Thermo-El ectr i c Invers i on—(See l n

v er s i on , T l i ermo—Electr i c .)
Thermo-El ectr ic Pi l e, Di fferen ti al

—(See Pi le, Tnermo, D zfi
'

er en t i a l .)

Thermo-El ectr icPi l e or B atter y.
—(See

Pi le, Tnermo-El ectr i c .)

Thermo-El ectr i c Power.
—(See Pow er ,

Tnermo-E lectr i c.)

Thermo-El ectr i c Ser i es—(See Ser i es ,

T l i ermo-E lectr i c .)

Thermo-El ectr i ci ty .
—(See Electr i ci ty ,

TIi ermo.)

Thermo-El ectrometer .
—A name some

times , but not happily, appl ied to an elec tric
thermometer. (See T lzermometer , E lectr i c .)

Thermo-El ectromot i ve Force. (S e e

For ce, Electromot i v e, Tnermo.)

Thermol ys i s.—A term a ppl ied to the

chemica l decompos ition of a subs tance by
heat

Thermol y sis , or dissoc ia tion , i s an effect pro
duced by an ac tion of hea t somewha t s imilar to
the effect of electrolysis , or chemica l decompos i
tion produced by the passage of an e lec tr ic cur

ren t . When a chemica l substance is hea ted , the

[The.

vibra tion of i ts molecules is a ttended by an in ter
atomic vibra tion of i ts con stituen t a toms so tha t a
decomposition ensues . If the temperature i s not

excessive , these liberated a toms recombine w ith
others which they meet . At higher tempera tures ,
however, such recombina tion is impossible, and a

permanen t decomposition ensues , ca lled ther
moly sis or dissocia tion .

Thermometer , El ectr i c —A device
for determin ing the effects of an electric d is
charge by the movements of a l iquid column

on the expans ion of a confined mass of a ir

through w h ich the discharge is pas sed .

Thermometer , El ectr ic Resi stance

—A thermometer the ac tion of w h ich is .

based on the change in the electric res is tance
of meta l l ic sub s tances w i th changes in tem

perature.

T he elec tric res istance thermometer i s used
,

among other purposes , for determining the temper
a ture of the sea at different depths . Its opera tion
i s based on the electric resistance of two perfectl y
s imilar coils of insulated w ire , enclosed in separate
w ater tight copper cases. O ne coil i s placed where
the tempera ture is to be determined , and the other
i n a vesse l of water, the temperature of which i s
a ltered un til the two coil s show the same res ist
ance , when ,

of course, the tempera ture of the :

distan t coi l is the same as that of the wa ter sur

r ounding the other coil .

Thermometer Scal e, Centigrade

(See Sca le, Tlzermometer , Cen tzgr a a
’
e.)

Thermometer Scal e, Fahrenhei t

(See Sca le, Tnermometer , Fanr en/zei t .)

Thermophone.
-Any ins trument by means

of w h ich sounds are produced by the absorp

tion of radian t energy. (See Pnotop/zone.)
Atelephone has been construc ted in which the

motions of the receiving diaphragm are effected
by the expansions and con tractions of a thin me
tal l ic w ire connected to the diaphragm and placed
in the c ircui t of the ma in line .

Thermostat—An ins trumen t for automati
ca lly ma inta in ing a given tempera ture by the
c los ing of an elec tric c ircuit through the ex

pansion of a sol id or l iquid .

Thermosta ts a re often used in systems of auto
ma tic fire telegraphy and in sys tems of automa tic
tempera ture regu la tion in connection w ith indi
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ber of subscr ibers , each of w hom is furnished
w i th a stock ticker . T he transmi tter at the cen

tra l sta tion consists of a keyboard and a cylinder
furn ished w i th spira l pin s . T he spira l pins are

connected through a ser ies of pole-changers to
separate l ine w ires radiating in all direction s from
the centra l offi ce.

T he connection s are such that , a rapid rota
tion being given by means of an electric mo
tor to the cylinder , the impulses sen t out by the
keyboard a re transmitted to each of the separa te
c ircu its . Since each of these c ir cu i ts has a num

ber of ticker pr inters connected w ith it, repor ts of
fluctua tions in prices are s imu ltaneously printed
in hundreds of differen t Offices .

T i ck er , Stock —A form Of s tep-by
s tep telegraph ic ins trumen t emp loyed for au
tomatical ly send ing and recording s tock quo
tations to any des ired number of subscribers .

(See Teleg r apby , Step-by -Step .)
Aform Of prin t ing telegraph .

Cal lahan ’
s Pr in ting Telegraph i s used as a

stock ticker . (See Telegrap/zy ,
Pr in t ing . )

Phelps’ Stock Prin ter i s employed extens ively
as a s tock ticker . This form of pr in ting telegraph
requ ires but a single w ire, and has a working
speed of a lmos t thir ty words a minute.

Adouble t ype-wheel , ma in ta ined in moti on by
c lockwork , is stopped at the desired characters
by the motion of a polar ized relay , working be
tween the poles of two electro-magn ets , furn ished
w ith a soft iron or non-pola rized armature . T he

release of the arma ture of the prin ting mag
net releases a tra in , and thus insures the impres
s ion of the charac ter it i s des ired to prin t .
T he type-wheel i s dr iven by a s tep-by-step

movemen t obta ined by means of rapidly a lter
na ting pulsations . Although these pa ss through
the coi ls of the pr in ting magnet , they fol low one

another too rapidly to charge i ts coils , so tha t the
armature is unaffected un ti l a pause is made,
when , i ts arma ture be ing attracted

,
i t re leases

the pr in ting mechan ism. T he message is received
on a fi l le t of paper , fed by a sui table mechani sm.

T ime-B al l , El ectr i c —(See B a l l ,

Electr i c T ime.)

T ime-Constant of Ci rcui t—(See Ci r cui t ,
T ime-Consta nt of .)

T ime-Constant of Condenser .
-(See Con

denser , T ime-Canstaut of .)

[T ISr

T ime-Constant of Electro-M agnet—(See :

Constant , T ime, of El ectr a-M ag net .)

T ime Cut-Out, Automat ic An au-v

oma tic cut-out arranged on a s torage bat
tery so as to cut it in or out Of the c ircuit of
the charg ing source at predetermined times .

Time-Fal l of El ectromoti ve Force of
‘

Secondary .or Storage Cel l Dur i ng Di s

charge—(See For ce, E lectromot i ve, of Sec-r
anda ry or Stor ag e Cel l , T ime-Fa l l of .)

Time-Lag of M agnetization—(See M ag
net i za t i on , T ime-Lag of .)

T ime, Reaction -T he time required

for the effec ts of an elec tric current to pass
from a nerve to a muscle .

Time-Ri se of El ectromoti ve Force Of .

Secondar y or Storag e Cel l s Duri ng Di s

charge—(See For ce, Electr omoti ve, of Sec
onda ry or Storag e Cel l , T ime-Ri se of .)

T ime-Swi tch .
—(See Sw i tc/t , T ime.)

Time, Tel egraphi c, Reg i ster for Rai l

roads —(See Reg i ster , T ime, f or Ra i l
roads .)

T ime Tel egraphy.—(See Teleg r afi/zy ,

T ime.)

T i nnedWi re—(See Wi re, T i nned .)

T inn i ng , E lectro —Covering a sur

face w i th a coat ing of t in by electro
-p la ting“

(See Pl a t i ng , E lectr a .)

Stann ic chloride, or the perchloride Of tin, dis
solved in wa ter in the propor tion Of 30 parts of the '

sa l t to of water , makes a good tinning

ba th .

Ti nn i tus, Tel ephone
-Aprofess ional

neuros is , or abnorma l nervous cond it ion of the '

aud i tory appara tus , bel ieved to be caused by “

the continual us e of the telephone.

Ti ps, Pol ar
—T he free ends O f the :

field magnet pole p ieces .
O f a dynamo-elec tric

machine.

Ti ssue, Nerve or M uscul ar Exci tabi l i ty
of Elec tric s timula tion of nervous or

muscular tissue.



Tom]

The general efl
'

ects of electr ic stimulation of

nervous or muscul ar tissue may be summariz ed
as follow s :

Electric s timulation of a motor nerve , pro
duces a con traction of the muscles to which such
nerve i s distributed .

Electric s timula tion of a sensory nerve,
produces pa in in the parts to which the nerv e is

dis tr ibuted .

Electr ic stimulation of mixed motor and

sensory nerves produces both o f the effects men
ti oned under ( I ) and

Tongs, Cabl e Hanger -T ongs pro

v ided w ith long hand les for the purpose of

at taching the hangers of an aerial cable to

the suspend ing w ire or rope.

Tongs, Di scharg i ng —Aterm some

t imes used for a d ischargi ng rod. (See Roa
’

,

D z
'

sena rg i ng .)

Tongue, Rel ay , B ias of —A term
employed to s ign ify such an ad jus tment of a
polarized relay , tha t on the cessat ion of the

w orking curren t , the relay tongue shal l
always res t aga ins t the insula ted con tact , and
not aga ins t the other con tact , or v ice versa .

Sometimes , as in the split-battery duplex , the
bias i s toward the uninsulated contac t . (See
Relay , Pola r i zed . )

Tool , Lead Scor ing —A tool for
read ily scoring .

the surface of the lead of a

lead-covered cable , when the same is to be

removed prepara tory to making joints .

Toothed-Ri ng Armature—(See Arma

tur e, Toot/zed-Ri ng .)
Top, Induction

—A top cons is ting
of an iron d isc supported on a vertica l a x is ,
w h ich , when spun before the poles of a s teel
magnet , assumes an inc l ined pos ition , through
the influence of the curren ts induced in the

d isc .

T he top ma in ta ins the inclined position so long
only as the strength of the induced curren ts i s
suffi ciently grea t ; tha t is , while speed of rota tion
is suffi cien tly grea t .

Toppl er-Hol tz M achine—(See M e rk i
’

ne,

Tappler-Hol tz .)

Torch , El ectr ic Gas l igh ting —A

gas l ight ing app l iance cons is ting of the com
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spark or induc tion coil .

T he torch is moun ted on the end of a rod pro.

vi ded w ith mean s for turn ing on the gas . Akey
is then touched and the gas lighted by the spark
produced by an induc tion coil or a sma l l electro
sta tic induction machine .

—Ah electrical ly

Torpedo, Automobi le A torpedo
wh ich con tains in itsel f the power for its own
mot ion .

T he moving power may be that derived from
compressed air or gas , or from a storage ba t
tery conta ined w ithin the torpedo. An auto
mobi le torpedo provided w ith a storage battery
and electr ic motor would then be dis tinguished
from an electrically propelled torpedo , connected
by means of cables wi th a dr iving dynamo
located ou ts ide the torpedo on a ship, or on the

shore .

Torpedo Boat.
—(See B oa t, Torpea’o.)

Torpedo Cabl e . (See Cable, Torpedo.)

Torpedo, Dr i ft ing —Atorpedo sus

pended from a floa t , and connec ted bymeans
of rope w ith s imilar torpedoes , a l lowed to

drift w i th the current , so as to ca tch aga in s t
a vessel .

Torpedo, El ec tr ic A name some

t imes g iven to the electric ray . (See Ray ,

Electr i c .)
Torpedo, El ectric

opera ted torpedo.

This la tter usage of the term is the commoner .

Torpedo, Hal p ine
-Savage Aspec ia l

form of torpedo, in w h ich electricity is both

the propell ing and direc ting power, and in

w h ich the electric source furn ish ing the pro

pell ing current is contained wi thin the

torpedo .

In the Ha lp ine -Savage torpedo,
the propelling

power i s obta ined from a storage ba ttery placed
w ithin the torpedo.

Torpedo, Lay Amoving torpedo ,

in w h ich the mov ing power is carbon ic ac id

gas , or compressed a ir , or other s imilar power

not elec tric , and the guid ing power is elec tric .

Th e Lay torpedo has the form of a cyl indrica l
boa t furn ished w ith coni ca l ends . T he explos ive IS

placed in the fore par t of the torpedo . Flags are
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attached to the torpedo, showing the opera tor the
exact course taken by it.
T he torpedo i s s tarted , stopped and s teered by

means of electric curren ts sen t to the torpedo
through an insul a ted cable connec ted w ith the

torpedo.

Torpedo Nets—(See Nets , Torpea
’
o.)

Torpedo, Outr igger

spar torpedo.

—A pole or

T he torpedo i s placed in a metal lic case and

supported on the end of a spar or outri gger . T he

spar i s depres sed until the torpedo i s sunk below
the w a ter l ine . T he torpedo is fired when i ts end
comes in contact w ith the s ide of the enemy’s
vessel.

Torpedo, Sims-Edi son -A special
form of torpedo in w hich elec trici ty is both
the propel l ing and the directing power, but the
electric source is s ituated outs ide of the

torpedo.

T he torpedo is propelled by means of an electric
motor placed in the torpedo, and dr iven bymeans

of an elec tri c current transmitted through a cable
connected w ith the sending station .

Torpedo, Spar
—Atorpedo, a ttached

to the end of a spar, and des igned to be

exp loded by percus sion agains t the s ide of an
enemy

’

s vessel , when thrus t agai nst the s ide
below the wa ter-l ine.

T he spar torpedo is but li tt le used , having
been replaced by more effi cien t forms .

Torpedo, Stationary
—Aterm some

times employed instead oi a submarine

mine. (See M i ne, Subma r i ne.)
As ta tionary torpedo i s so named in order to

dis tinguish it from a torpedo which i s moved
through the water by any means . (See Torpea

’
o,

Torpedo, Towi ng
—A torpedo ar

ranged to be towed on the surface a fter a ves

sel and explode w hen it s trikes the s ide of

an enemy ’s vessel .

The torpedo i s shaped so that i t main ta ins dur
ing i ts motion a certa in dis tance from the s ides of

the tow ing boa t or vessel .

Torque . Tha t momen t of the force ap

p l ied to a dynamo or other machine w hich
turns it or causes its rotat ion .

T he mechanical rotary or turning force
w h ich acts on the armature of a dynamo
elec tric machine or motor and causes it to

rota te.

In the case of the a rmature of a dynamo
electric machine the torque i s equal to the radi us
of the arma ture, mu ltiplied by the pu ll a t the
c ircumference, or the radius of i ts pul leymultipl ied
by the pul l at the c ircumference of the pul ley.

Atorque is exerted on the shaft of a motor from
the e lec tro-magnetic action , or pull at the

per iphery of the armature .

T he torque i s usua lly measured in pounds of

pu ll a t the end of a radius or arm 1 foot in
l ength .

Torr icel l i an Vacuum—(See
Tor r i cel l ia n .)

Va cuum,

Tors ion B al ance, Coul omb
’

s

B a la nce, Coulomb
’

s Tor s i on .)
Torsion Gal vanometer.

—(See Ga lva nom
eter , Tor s ion .)
Total Di sconnect ion.

—(See D i sconnec

t i on , Tota l .)

Total Ear th—(See Ea r t/z, Tota l .)
Total M agnet i c Inducti on .

—(See I nduc
t ion , Tota l M ag net i c .)

Touch , Doubl e —Amethod of mag
netizat ion in wh ich two c losely approx ima ted
magnet poles are s imul taneously drawn from
one end of the bar to be magnet ized to the

other and back aga in , and this repeated a

number of t imes .

Touch , Separate —A method of

magnetizat ion in which twomagnetizing poles
are s imul taneous ly app l ied to the bar to be

magnetized and drawn over it in Opposite di
rections . (SeeM ag net i za t i on oy Toucn.)

Touch , Si ng l e —Amethod of mag

net iza tion in w h ich a s ingle magnetiz ing bar
i s drawn from one end to the other of the bar
to be magnetized , and returned through the

a ir for the next s troke. (See M ag neti za t i on ,

M et/zoa
'
s of .)

Tourmal ine.
-A minera l cons is t ing of

na tura l s il ica tes and bora tes of a lumina , l ime,
iron , etc . , possess ing pyro—electric propert ies.

(See El ectr i c i ty , Py r o.)
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clea rly shown in Fig . 558, in w hich the terminals
of the primary and secondary of the converter

When the converter i s proper ly constructed ,
the loss of conversion at full load i s but sma ll ;
that i s to say , the number of wa tts in the secon

dary is very near ly equal to the number in the

primary . A curren t of 10 amperes , at

volts, when passed in to a converter the number
of whose turns in the pr imary i s twenty times the
number in i ts secondary , w i ll produce in i ts sec
ondary a curren t whose strength i s abou t twen ty
times as great, tha t i s, near ly 200 amperes, but
whose voltage i s on ly about one-twen ti eth , or,

100; the watts in the two cases are nearly the
same , or theoretically w a tts .

T he ra tio betw een the w indings of the pr imary
and the secondary c ircui ts i s ca lled the co-etfi

cien t of transformation .

In general , the shorter the w ire on the second
ary , and the sma ll er i ts number of turns , the

grea ter is the reduction in the difference of po

tential , and the grea ter the current produced .

T he reduction i s nearly proportiona te to the ra tio
of the number of w indings of the two coil s.

Tran sformer , Closed I ron Ci rcui t
—Atrans former the core of wh ich forms a

complete magnet ic c ircu it .
These transformers are sometimes cal led iron

clad transformers.

T ransformer, Commut i ng A term
sometimes appl ied to a variety of motor gen
erator in which neither the arma ture nor the

field magnets revolve, the variations in the

polari ty of the magnet ic c ircui t being obtained
by means of special commutators .

[Tra.

Transformer , Constant-Current A
transformer in w h ich a current of a cons tan t
potential in the primary is converted into a

curren t of cons tan t s trengt h in the secondary ,
desp ite changes in the load on the secondary.

Transformer , Core A trans former

in which the primary and secondary w ires
are w rapped around the outs ide of a core

consis t ing of a bundle of soft iron w ires or

plates .

ARuhmkorff coil i s a core tran sformer .

T ransformer , Efi ci ency of —T he
ratio betw een the w hole energy supp l ied in
any gi ven t ime to the primary c ircuit of a
transformer and that w hich appears in the

form of electric curren t in the secondary
circui t.
T he energy applied to the primary c ircui t of a

transformer is diss ipa ted
By eddy curren ts in the core of the trans

former . (See Cur r en ts , Eddy . )
By hysteresi s , or magneti c friction . (See

Ify s ter es i s . )
By hea ting of the primary c ircu it .
By heati ng of the secondary c ircuit .

When a tran sformer is overloaded , i ts effi ciency
decreases . There is a certa in range of second
a ry resistance and curren t, w ithin whi ch a trans
former is most advan tageously opera ted .

Transformer Guard—(See Gua rd, Trans

f ormer ,

Transformer , Hedgehog —A name

appl ied to a particular form of open-iron cir

cui t transformer. (See T r a nsf ormer .)
T he advantages cla imed for the hedgehog trans

former are tha t it can be made to give a higher
a lLday effi c iency, s ince i t insures a sma ller loss
from hysteresis in the iron . T he effi ciency for
very sma ll loads , or for no loads i s greater than in
the c losed-circui t tran sformer .

T ransformer , Leakage Current of

Aterm sometimes used for the curren t which
escapes from the primary through the dielec~

tric of a transformer to the secondary circuit .

T he term i s a bad one, s incethe true leakage
curren t would be the curr en t which represen ts
the leakage between the primary or secondary
c ircu i t and the ground .
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Transformer Lightn ing Arrester.
—(See

.Ar r ester , n ntn i ng , T r ansf ormer .)
Transformer , M ul t ipl e —Any form

o f transformerwhich is connected in multiple
t o the primary circuit.

Amul tiple or para llel transformer i s self-regu
l a ting under var iable loads , prov ided the electro
motive force in the primary is ma in ta ined con

.s tan t .

Trans former , O i l —A transformer

‘

wh ich is immersed in oil in order to insure a

high insula tion .

T ransformer , Open-Iron Ci rcui t

Atrans former the iron ofw hich does not form
a comp lete magnetic circui t , but is formed
i ns tead partly of iron and partly of a ir.

Transformer ,Pi l ot —Asmal l trans
.former, p laced at any des ired portions of a
l ine in order to determine the drop of poten

T he pilot transformer i s used in connection w ith
.a lamp or other suitable indica tin g device. Its use

i s simi lar to the use of the pilot incandescen t lamp .

Transformer , Rotary-Current —A
trans former opera ted by means of a rotary
curren t . (See Cur r en t , Rota ti ng .)
T he rotary curren t tran sformer for a rotary

c urren t of three separa te a lterna ting curren ts com
bined , transforms a l l three curren ts together .

There are
'three cores , connected a t one set of

e nds and at the other to the c ircumference of an

iron r ing. Each core conta ins a pr imary and

secondary w ire .

Transformer , Rotary-Phase —Aro

tary current trans former. (See T r a nsfor
mer , Rota ry-Cur rent .)

Transformer , Ser ies -T ransformers
w hich are connected in series w i th the pri

m ary c ircui t .

Aseries transformer i s not as readilymade self
regulating under varia tions in the load as a mul

t iple transformer . If
,
however , i ts core is not

sa tura ted , and the electromotive force of i ts

secondary is small , i t can be made fair ly sel f-regu
lating . Ser ies transformers are used in the

jablochkoff system for feed ing arc lamps in the

s hape of Jablochkoff candles.

Transformer , Shel l -Atrans former

[Tra

in w h ich the primary and secondary coils are
laid on each other, and the iron core is then
wound through and over them so as to en

c lose a ll the copper of the primary and

secondary circuits wi thin the iron .

T he iron shell surrounding the copper may
cons ist of the thin pla tes of iron ,

bui lt up so as to

leave a rectangu lar space for the in troduc tion of

the primary and secondary .

Transformer, Step-Down —Atrans
former in wh ich a sma ll current of compara
t ively great d ifference of potential is con

verted into a large curren t of comparatively
sma ll difference of potential .
An inverted Ruhmkorff induction coil .
T ransformer , Step-Up —A trans

former in w h ich a large current of compara
t ively small difference of potent ia l is con

verted into a smal l current of comparatively
grea t difference of poten tial .
T he term s tep-up transformer i s used in con tra .

distinction to the step-down transformer .

T he old form of Ruhmkorfi
'

coi l is an example
of a step-up transformer .

T ransformer , Testing A trans
former employed in any sys tem of dis tribu

tion for the purposes of tes t ing for grounds ,
cond it ion of l ine, drop of potential , etc .

Transformer , Wel ding —A trans
former suitable for changi ng a sma l l e lec tric
current of compara t ively high d ifference of

poten tial , in to the heavy curren ts of low

difference of potent ia l required for weld ing
purposes .

Welding transformers have in genera l a very
low resistance in their secondary coils , and a lmost
invariably consist of a single turn or at the most
of a few turns of very stout w ire.

T ransforming Currents—(See Cur rent ,
T ransf ormi ng a .)
T ransforming Down.

—T rans forming by

means of a s tep-down trans former. (See

T r a n sf ormer , Step-D own .)

T ransforming Station .
—(See Sta t ion ,

T r a nsformi ng .)

Transforming Up.
—T ransform ing by

means of a s tep-up trans former. (See

Tr a nsformer , Step Up .)
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Transient Currents. (See Currents ,

Tran s i ent .)

T ransi t, M agneti c Var i at ion —An
appara tus for measuring the decl ina tion or

varia tion of the magnetic needle at any place.

T he variation transi t general ly consists of an
altitude and azimuth instrument, the te lescope of

which i s so arranged as to be readily converted
into a microscope .

Transi t ion Resi stance—(See Res i stance,
Tr ans i t i on .)

Transl ater , Doubl e-Current —A
telegraph ic transla ter or repea ter des igned to
Opera te on double curren t transmis s ion .

Transl ater , Si ngl e-Current —Atele

graphic transla ter or repea ter des igned to

opera te a s ingle
-current transmiss ion .

T ransl ater , Tel egraph i c
—A term

somet imes appl ied to a telegra ph ic repeater.

(See Repea ter s , T eleg r ap/zi c .)

Transl at ing Devi ce—(SeeD ev i ce, T r a ns

l a t i ng .)

T ransl at ing Devi ces , M ul ti pl e-Arc-Con
nected —(See D ev i ces , T r a ns la t i ng ,

M ul t zjole-Arc Connected .)

T ransl at i ng Devi ces, M ul tipl e-Con

mooted (See D ev i ces , Tra nsla t i ng ,

M ul tip le Connected .)

T ransl ating Devi ces, M ul ti pl e-Ser i es

Connected —(See D ev i ces , T r ans la t

i ng , M ul tzjole Ser i es Connected .)

T ransl at i ng Devi ces, Ser i es-Connected
—(See D ev i ces , T r ans la ti ng , Ser i es

Connected .)

Tr ansl ati ng Devi ces, Ser ies-M ul ti pl e

Conn ected —(See D ev i ces , T r ansla t

i ng ,
Ser i es-M ul t ip le-Connected .)

Transl ucent Di sc Photometer . (S e e
P/zotometer , T r a ns lucent-D i sc .)

T ransmi ssion , Doubl e —T he s imul

taneous send ing of two messages over a s in

gle w ire in oppos ite d irections . (See Teleg
r ap/zy , D up lex , B r i dg e M etlzod of .)

Transmi ssion , M ul tipl e
—T he s imul

taneous sending of more than two messages

over a s ingle l ine or conductor.

Transmi ssion of Energy.
—(See Energy ,

E lectr i c, Tra nsmi ss ion of .)

T ransmi tter, Carbon , for Tel ephones .

—Atelephone transmitter cons is ting of

a but ton of compres sible carbon.

T he sound waves impart to-and-fromovemen ts
to the t ransmitting diaphragm, and this to the

carbon button, thus varying i ts resi stance by pres
sure . This bu tton i s placed in c ircu i t w ith the
ba ttery and induction coi l . (See Tclef /tone. )

T ransmi tter , Doubl e-Current —T he
t ransmit t ing ins trument employed in sys tems
of telegraphy, by means of wh ich the d irec

t ion of the curren ts on the l ine is a l terna tely “

c hanged, accord ing to whether the key rests
ou its front or on its back s top .

Double-current transmitters are used in con

nection w i th in strumen ts , such as polarized re

lays , which respond to change in the direction of
”

the current, ra ther than to changes in i ts in

tens ity .

T ransmi tter , El ectr ic —A name

appl ied to various elec tric apparatus employed
in telegraphy or telephony to transmi t or send
the elec tric impulses over a l ine w ire or con

duc tor.

T he sending instrumen t as dis t inguished
from the receiving ins trument .
In most telegraphic systems , the transmitting

instrumen t con sists of var ious forms of keys for in
terrupting or varying the curren t. In the tele
phone the transmitter consis ts of a diaphragm .

Operated by the voice of the speaker . (See Tele

p ll ane . )

T ransmi tter , Water-J et Tel ephone

—Atelephone transmitter cons is ting of a jet .

of w a ter is suing vertica l ly downw ards from a

sma ll orifice.

T he jet forms a par t of the c ircuit of the re f

ceiv ing telephone. In order to reduce i ts res is t
ance , the wa ter i s rendered acid by the addition
of sulphuric acid , and a battery of high electro
motive force i s employed . Since the jet has a

high res istance, a battery of high res is tance can

be used w ithout inconven ience.
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a nd carrying flanged wheels, extend ing in over
the conductors .

Sw inging from the axles of the poles are arms ,

which form a bai l-like draft loop , w i th insu la ted
materia l between the ir lower ends, and furn ish
means for connection w ith the car motor . In

order to remove this trolley from the conduc ting
w ires , these a rms are pressed together at poin ts
between two poin ts of hangers , which a llow s

t hem to pass between the inner ends of the whee l
a xles .

T he trolley cannot be removed from the Wires

e xcept at the end of the track , and i t i s therefore
found in prac tice to be part icu lar ly u sefu l in
mines, where , from the nature of the ga ll er ies , the
trolley wheel i s very apt to become detached from
the trolley w ires .

Trol l ey , Drop —T he trolley wheel
a nd rod for an elec tric car wh ich drops away
f rom the w ire on s l ipping from the w ire, and

is reset upwards through proper elas t ic press
‘

ure.

Trol l ey Fork—(See Fore, T rol ley .)

T rol l ey Frog—(See F r og , Tr ol ley .)

T rol l ey Frog , Standard —(SeeF r og ,

T r ol ley , Sta nda rd .)

Trol l ey Hanger.
—(See Hang er , Trol l ey .)

Trol l ey Pol e.
—(See Pole, T rol ley .)

T rol l ey Section .
—(See Sect i on , Tr ol ley .)

T rol l ey, Singl e —A travel ing con

ductor or wheel wh ich moves over a s ingle
conductor in a sys tem of electric ra ilways ,
and takes off the curren t for driv ing the elec

t ric motor, in connect ion w ith an earth or

grounded return conduc tor.

Trol l ey Wheel .—(SeeWneel , T r ol ley .)

Trol l ey, Wi re —(SeeWi r e, T r ol l ey .)

True Contact Force—(See For ce, T r ue

Con ta ct .)
T rue Resi stance. (See Res i stance,

.T r ue.)
Trumpet , El ectr i c An electro

magnetic buzzer, the sound oi wh ich is

s trengthened by means of a resona tor in the

s hape of a trumpet . (See B uzzer , El ectr i c.

R esona tor , E lectr i c .)

[Tub.

The electr ic trumpet i s used to replace elec tric
bells . It gives a louder and more pene tra ting
sound than the e lectr ic bel l .

Trunk i ng Swi tch Board.
—(See B oa rd ,

Sw i tcn, T r unni ng .)
Tube, Crook es

’ —A tube containing
a high vacuum and adapted for show ing any

of the phenomena of the ul tra-gaseous s ta te
of ma tter. (See M a tter , Ra d i a n t , or Ul tra

Ga seous .)

Tube, Insul ating -A tube of insu

la ting ma teria l provided for covering a sp l ice
in an insula ted conduc tor.

Tube, M ercur y —Vacuous g las s tubes
in w hich a flash of l ight is produced by the
fa l l of a sma l l quant ity of mercury p laced in
s ide it .
T he l ight i s caused by the electri c i ty produced

by the fri ction of the mercury i n fa l ling against
the sides of a spira l glass tube placed inside the
vacuous tube

Tube, Pl uck er
—Amod ifi ca tion of a

Geiss ler tube adapted for the s tudy of the

s tra t ifica tion of the l ight, and the pecul iar
i ties of the spa ce adjoin ing the negat ive elec
trode. (See T uves , Gei ssler .)

Tube, Spark —Ah igh vacuum tube,
across wh ich , w hen the va cuum i s suffi cien tly
high , the spark from an induc tion coi l w i ll not

pas s .

A spark tube, connected w i th incandescen t
lamps whi le undergoing exhaustion

,
acts as a

s imple gauge to determ ine the degree of ex

haustion . When an induction co i l discharge
ceases e i ther to pass , or to pass freely , the vacuum
i s cons idered as suffi c ien t, according to c ircum
stances.

Tube, Strat ifi cat ion —An exhaus ted

glass tube, the res idual a tmosphere of w h ich
d isp lays a l terna te dark and l ight s triae, or
strat ifications , on the passage through it of
an induction coil discharge . (SeeD i sclza rg e,
Lumi nous Ef ects of .)

Tubes, Gei ssl er -Vacuum tubes of

glass con ta in ing various gases , l iquids or

sol ids , provided w ith p lat inum electrodes ,
passed through and fused into the g lass , de

s igned to show the various luminous effects
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o f electric d ischarges through gases a t com

paratively low pressures .

Geissler tubes a re made of a grea t variety of

shapes , and often include tubes , spira ls , spheres ,
etc . , w ithin other tubes . These enc losed tubes
are made either of ordinary glass , or of uranium
glass in order to obta in the eflfects of fluorescence .

T he vacuum in Geiss ler tubes i s by no means
wha t might be ca lled a high vacuum. Indeed , if
the exhaustion of the tube be pushed too far,

much of the bri llian cy of the luminous effec ts is
l os t .
Some of the many forms of Geissler tubes are

s hown in Fig . 560.

Fig . 5 6 0. Gei s s ler Tubes .

T ubes of Force—(See For ce, Tubes of .)
Tubes of Induct ion .

—(See I nduct i on ,

T ubes of .)
Tubes , Vacuum —Glass tubes , from

w hich the a ir has been partia l ly exhaus ted and
t hrough which electric d ischarges are passed
for the produc tion of luminous effects . (See

Tubes , Gei ss ler .)

Tubul ar B ra id.
~—(See B r a id , T ubula r . )

Tumbl i ng B ox .
—(See B ox , Tumbl i ng .)

Tun i ng-Fork or Reed Interr upter.
—(See

I n terr up ter , Tun i ng
-Forb. In ter rup ter ,

Reed .)
Turn , Ampere —A s ingle turn or

w inding in a coil of w ire through w h ich one

ampere passes .

An ampere-turn i s sometimes ca lled an ampere
w inding . M agneto-motive force in a magnetic
c ircui t i s propor tioned to the number of ampere
turn s l inked w ith i t. T he prac tica l un it of mag

netO -motive force i s _

1
_ x ampere turn .0796

4 n

a mpere turn . Therefore the magneto-motive

force, m . m . f.
,
is found by mul tiply ing the am

pere turns by 4 7: or

T he number of amperes multiplied by the

number of w indings or turns of w ire in a co il give
the tota l number of ampere-turn s in the coil .
In a coi l of fixed dimensions the magnetiz ing

force developed by a given number ofampere-turn s
rema ins the same as long as the product of the
amperes and the curren t remains the same . Tha t
i s to say , the same amoun t of magne tizing force
can be obta ined by the u se ofmany w ind ings and
a sma ll curren t, as in shun t dynamos , or by a few
turns and a propor tionally large curren t

,
as in

series dynamos. (See l il a c/zine, Dy namo-Elec

tr i c. )

Turns, Ampere, Pr imary —T he
ampere-turns Of the primary of an induc t ion
coil .

Turns, Ampere, secondary —T he
ampere-turns of the secondary of an induc
t ion coi l .

Turns, Dead —T he number of revo
lut ions a s elf-exc iting dynamo makes before
it exci tes itself .

Turns, Dead, of Armature Wi re
Those turns of the w ire on the armature of a

dynamo-elec tric machine which produce no

useful elec tromotive force or resul tan t curren t,
on the movemen t of the arma ture through the
magnetic field of the machine.

T he wi re on the ins ide of a G ramme or ring

arma ture i s dead w ire, but not dead turn s .

Turns , Ser ies, of Dynamo-Electr ic M a

ch i nes —T he ampere-turns in the

series circuit of a compound-wound dynamo
electric machine. (See M a c/zine, Dy namo

Electr i c , Compound Wound.)

Tur ns, Shunt, of Dynamo-El ec tr ic M a

ch ine —T he ampere-turns in the shun t
c ircui t of a compound-wound dynamo-elec

tric machine . (See M a c/zi ne, Dy namo
-Elec

tr i c , Compound Wound .)

Turn-Tabl e, El ectr i c Atable, sui t
able for show w indow s , revolved a round a

vertica l ax is by means of an elec tric motor.

Twig.
—A sub-branch . (See B r a nc/z,

Sub.)

Twin Wi re—(See Wi r e, Tw i n .)
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Twi st i n Leader -(See Leads , Arma tur e, Two-Way Swi tch .
—(See Sw i tcb , Tw o~

Tw i st i n .)
Twi sted B unched Cabl e.

—(See Ca ble,

B uncited, Tw i sted .)
Twi sted-Pai r Cabl e—(See Ca ble, Tw i sted

Pa i r .)
Twi st i ng Force

—(See For ce, Tw i st i ng .)
Two-Fl ui d Vol ta ic Cel l .—(See Cel l , Vol

ta i c, Tzoo-Fluz
'

d .)
Two~Point Swi tch—(See Sw i tcn, Tw o

Poin t .)
Two, Three, Four , etc Conductor Cabl e

—(See Ca bl e, Tw o, T lzree, Four , etc .,

Conductor .)
Two-Way Spl ice B ox

—(See B ox , Spl i ce,

U.
—Acon traction sometimes used for un it . Un i form Potent i al . (See Potent i a l ,

Ul tra-Gaseous M atter.
—(See M a tter ,

Rad i a n t , or Ultr a-Ga seous .)

Underground Cabl e—(See Ca bl e, Under

Un i forml y Di str i buted Current—(See
Cur r en t , Un iformly D i str i buted .)
Un i pol ar Armature.

—(See Arma tur e,

g r ound .)

Underground Conductor .
—(See Con Un i pol ar-El ectr i c B ath .

ductor , Underg r ound . ) fi ala r-El gctr z
'

co

Undul at ing Currents—(See Cur r en t , Un i pol ar Inducti on —(See I nduct i on ,

Undula ti ng .)

Undul atory Currents—(See Cur r en ts ,

Undula tory .)

Undul ator y Di scharge—(See D i sclza rg e,
Undula tory .)

Ungi l di ng B ath .
—(See B a t/z

, Ung i ld

i ng .)
Un idirect ional Di scharge. (See D i s

cha rg e, Un i d i r ect i ona l .)

Un idi rectional Leak —(See L ea /e, Un i

d i r ect iona l .)
Un i form Dens i ty of Fi el d—(See F i eld ,

Un if orm D ens i ty of .)
Un i form M agnetic Fi el d—(See F i eld ,

Un i form M agnetic Fi l ament—(SeeFi ta
ment , Un iform M ag net i c.)

Type-Pr i nting Tel egraph—(See T eleg

r ap/zy , Pr i n ti ng .)

Typewr i ter , El ectr i c -A typewri t

ing machine, in w h ich the keys are intended
to make the contacts only of c ircu its of

electro-magnets , by the a ttraction of the arma

tures of wh ich the movements of the type
l evers required for the work of printing are

effec ted .

Elec tri c typewri ters secure a un iformity of im~

press ion that is imposs ible to obta in w ith hand‘

worked machines . They a lso greatly lessen the ‘

mechanica l labor ofwri ting . (See

Un i t Ang l e—(SeeAng l e, Un i t . Veloci ty ,

Ang ula r .)
Un i t Angul ar Vel oc i ty.—(See Veloc i ty ,

Ang ula r .)

Un i t, B . A.
—A term formerly ap

pl ied to the B rit ish Assoc ia tion un it of re

s istance, or ohm. (See O /zm .)

Un i t-Di fi
’

erence of Potent i al or El ectro
moti ve Force —(See Potent i a l , Un i t
Dgfi

'

er ence of .)
Un i t , M agnet ic , A A term some

times used for a l ine of magnetic force, or

the amoun t of magne tism induced in an area

O f one s quare cen timetre at the centre of a .

coil having a diameter of 10 cen timetres and
carrying a curren t of amperes .

Un i t , Natural , of El ectri ci ty
Electr i ci ty , Na tura l Un i t of .)
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Un i ts, Der i ved —Various un its ob

tained or derived from the fundamen ta l un i ts

of Length , L M as s , M ., and T ime, T

T he derived un i ts and their dimension s are as

fol lows :
Area , L2.

—T he square cen timetre .

Volume, L
°
.
—T he cubic cen time tre .

Veloci ty ,
V .
—Un it distance traversed in un i t

time, or

T
. (I )

Accelera t ion ,
A.
—T he ra te of change which

w i ll produce a change of veloci ty of one cen ti
metre per second .

7

1
1 . (2)

Substitu ting in equa tion (2) the va lue of V , in

equa tion w e have

L

T L

T T 2 (3)

1

For ce, F.
—T he a

’

y ne, or the force requ ired to
act on un it ma ss in order to impar t to i t un i t
veloc ity .

F M XA. (4)
Substituti ng the va lue ofA, der ived from equa

tion we have

V
F= M >(

T

Substituting the va lue of V , der ived from equa
tion w e have

M L M L
=
r
x
i

’

T
‘

a <5 )

Work or Energy ,
W .
—T he erg , or the work

done in overcoming un i t force through un i t dis
tance .

M L 2

Power , P.
—T he un i t rate of doing work .

M L2

T 2

1
.

1

Un i ts , Dimension s of T he va lues

given to the un its of leng th , L ; mas s , M , and

t ime, T . (See Un i ts , D er i ved .)

Un i ts, El ectro-M agnet i c —Asys tem
of units derived from the C . G . S. un its , em

Curren t Strength In tensity of Field ength

rm
T

Quan tity Curren t X Time \/M
_

XT

Po ten tia l , D ifference of Poten tial , Electromo

tive Force Work \/ M X L 3

0

Quan ti ty T 2

Resistance=Electromotive Force _

I
_

.

Curren t T

Capac i ty
' Quan tity

Poten tia l L

ployed in elec tro-magnetic measurements .

(See Un i ts , Centz
'

nzetr e Gr amme Second . )

Un its based on the a t trac t ions or repu l

s ions between two un i t magnetic poles a t

un it d is tance apart. (See Un i ts , Electro»

s ta t i c . )

Un i ts, El ectro-M agnet ic , Dimensions of

Un i ts, El ectrostat ic —Un its based‘.
on the a ttrac tions or repuls ions of two un i t
charges of elec tric ity at un i t dis tance apart.

Two sys tems of electr ic un its are der ived from
the C . G . S. system, v iz .

,
the el ectr os ta t i c and

electr o-mag net i c. These un its a re ba sed respec

tively on the force exer ted be tween two quanti
ties of elec tr icity and between two magnet poles.
T he electrosta tic un i ts embrace the un i ts of

quan t i ty , poten ti a l and capa ci ty . No particular "

n ames have as yet been adopted for these un its .

Un i t of Quan t i ty .
—That quan tity of elec trici ty “

w hich w il l repel an equa l quan tity of the same

kind of e lectr ic ity placed at a distance of one cen
t imetre from i t w ith the force of one dyne .

Electrosta tic poten tia l , or power of do ing elec
trostatic work, i s measured in un its of work , or '

ergs.

Un i t D if
f
er en ce of Poten t ia l .—Such a differ

ence of poten tia l be tween two poin ts as requires .

the expenditure of one erg of work to br ing up

a un i t of positive electr icity from one poin t to the
other aga in s t the electr ic force .

Un i t of Capa ci ty .
—Such a capaci ty of condue

tor as w il l take a charge of one un i t of electri c ity
when the potentia l i s un ity .

T he ra tio betw een the i nduc ti ve capac i ty of a .

substance and tha t of a ir , measured under pre
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cisely sim ilar conditions , i s cal led the spectfi c in

ductive capa ci ty .

T he specific induc tive capaci ty i s obta ined by
comparing the capaci ty of a condenser fi lled w i th
the particular substance and the capacity of the

same conden ser when fi lled w i th air . T he spe

cific induc ti ve capaci ty of a ir is taken as un i ty .

Uni ts, El ectrostat ic, Dimens ions of

M i L3 x/ M x L s
,

Time T 9 T 9
0

1 1

Poten tial _

W9& M y L”

Quan t i ty T T

R t
Poten tia l

_ _

_ 1
esi s ance m L T

t
'

Capaci ty %
l

;
n

_

n t

l

i

t

aii L.

Spec ific Inductive Capac i ty

Ra tio or Number .

Electromotive In tens ity

Fore
?

Quan ti ty T

T he fractiona l and negative exponen ts used
above are merely conven ien t methods of express
ing the extraction of roots and division respec

tively by the quantity represen ted by these expo
nen ts .

Un i ts, Fundamental T he un its of

length , t ime and mass , to wh ich a ll other
quan ti ties can be referred .

T he un i t of length i s now genera lly taken as

the cen t imetre
, the un i t of time as the second

,
and

the un i t of mass a s the gr amme. These form a

system of measurement known as the cent imetr e

gr amnze-second system,
or the C . G . S. sys tem , or

absolute system. (See Un i ts , D er i ved . )
T he dimensions of the fundamen ta l uni ts are

designated thus :

Un i ts, Heat —Un its bas ed on the

quantity of hea t required to ra ise a given
weight or quan tity of a substance , genera l ly
wa ter, one degree.

T he principa l hea t un its are the Eng lish hea t
un i t, the greater and smal ler calorie and the

joule . (See Ca lor i e. 70n le. )
T he follow ing table gives the va lues of some o f the pr in

c ipal he a t units
1 gram. centigrade , .oox kilogram cen t igrade.

1 pound Fahr enheit , joules .
772. foo t-pounds .

k ilogram metr es .

.5 5 5 56 pound cen t igrade.

.25200 k ilog ram centigrade.

.29084 wa t t-hours .

.000395 3 me tri c horse pow er.

.0003899 hors e-power hours .

1 pound cent igrade , joules .

foot-pounds .

kilogram metres .

pound Fahrenhe i t .

.45 36 kilogram c en tig rade.

.523 52 w a t t-hour.

.0007 1 1 5 metric horse power

hour .

.ooo7018hors e-pow er hour .

1 kil ogram cent igr ade, joules .

foot-pounds .

kilogram metres .

pound Fahrenh e it .

pound cen tigrade .

w a tt ’hour .

.001 569 me tr ic hors e-pow er
hour.

.001 5472 hors e-pow er hour .

Un i ts, M agnet ic Units bas ed on .

the force exerted betw een two magnet poles .

Un it s trength of a magnetic pole is such a

magnet ic s trength of pole tha t repels another
magnetic pole of equa l s trength p laced a t

unit dis tance w i th uni t force, or w ith the

force of one dyne.

M ag neti c Potent ia l .—Is the power of doing
work possessed by a magneti c pole.

M agnetic potentia l i s measured like elec tro
s ta tic poten tia l in uni ts of work or in ergs .

M agnet i c Potentia l , Uni t D ij
”

erence of .
—Such

a diff erence of magnetic poten tial between two '

po
ints tha t requ ires the expenditure of one erg of

work to bring a magnetic pole of un it s trength
from one to the other .

Un i t Intens i ty of M agnet i c Fi eld
—Such an

in ten s ity of magnetic fiel d as ac ts on a no rth or

south s eek ing pole of uni t strength w ith the force
of one dyne.
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Un i ts, M ag netic, Dimensions of

Strength of Pole, or

Q uan tity of M agneti sm i
v Force X (D istance )2 \/ M L

3

M agnetic Poten tia l
Work

Force

Un i ts , Practical
—M ul t ip les or frac

t ions of the absolute or cen timetre-gramme

second un i ts .

T he practica l un its have been introduced be
cause the absolute un its are e ither too sma l l or
too large for ac tua l use.

E l ectr omoti ve For ce. -T he Vol t

000 C . G . S. or absolu te un its , that i s, 108 abso
lute un i ts of res istance . (See Vol t . )
Resi s tance .

—T he O lt / u abso

lu te un its oi electromotive force, or 109 absolute
un i ts . (See O lznt . )
Cur r ent .

—T he Ampere
curren t . (See Amper e. )

Quan ti ty .
—T he Cou lomb

1
1
6 a
bsolute un i t of

quanti ty, of the electro-magnetic sys tem . (See

Cou lomb. )
Capa ci ty —T he Far ad

"

f
l
u
absolute un i t of

1

1 ,000,00o ,ooo

lute un i t of capac ity , or 16
9
un its of capac ity .

(See Fa rad. Hen ry . Wa rt . 7oul e . )

Un i ts, Proposed New —T he follow
ing un its and terms have recently been pro

posed by O l iver Heav is ide .

Some of these have been genera lly adopted .

Conductance.
—Capacity for conduc ting elec

tricity .

Numerica lly , the ra tio, in absolute measure , of

the curren t s trength to the tota l elec tromotive
force in a c ircu it of un iform flow . Aquan ti ty
w ith the natu re of a s low ness or rec iproca l to a

veloc ity . T he practica l un i t i s called the mho.

Conduct iv i ty .
—Conductance per un it volume .

E la s tan ce.
—Capac ity of a dielectr ic for oppos

ing electric charge or displacemen t .
Numerica lly , the ratio, in absolute measure,

of the d ifi
'

erence of poten tial in an elec trostatic c ir
cuit to the tota l cha rge or displacemen t therein
produced . T he rec iproca l of permittance and a

quan tity of the inverse n ature of a length .

”

E l a s t iv i ty .
—Elastance per un it volume of di

electric .

”

[ mpedan ce .
—Capacity for oppos ing the variable

flow of electrici tv»
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Numer ically , in the absolute measure, the
ra tio of the tota l e lectromotive force to the cur

ren t s trength at any ins tan t in a c ircu it of a vari
able flow . A quan tity w ith the nature of a

veloc ity and in any c ircu it a lways grea ter than
the res is tance .

”

“ ]nductance .
—Capacity for magnetic induc

Numerica l ly , in absolute measure, the num

ber of un it lines of magnetic force l inked w ith a

c ircu it traversed by the un it curren t strength .

Sometimes a lluded to as the co-efficient of selfi n

duction . A quan tity of the na ture of a length .

”

“ l na
’
uct iv i ty .

-Specific capac i ty for magnetic
induction .

“ T he numer ica l ratio of the induction in a

medium to the induction produc ing i t.
”

Per /n i ttance .
—Electrosta tic capacity . C apa

c ity of a dielectr ic for assisting charge or di splace
men t.

“ Numerica lly , the ratio, in absolute measure ,
of the tota l charge or d isplacement in the electro
s ta tic circui t, to the difference of poten tia l pro
ducing it. A quan tity w ith the nature of a

length .

”

“ Permi tti v i ty .
—T he numer ica l ra tio of the

permittance of a die lec tr ic to tha t o f a ir .

Also known as specific inductive capaci ty .

Reluctance.
—Capac ity for opposing mag

netic induction .

Numer ical ly , the ratio , in absolute measure ,

of the magneto-motive force in a magne tic c ir

cu it to the tota l induction therein p roduced . A
quan tity w ith the n a ture o f the rec iproca l of a
length Sometimes descr ibed a s magnetic resist
ance.

Reluctancy or Reluct iv i ty .
—Reluctance per un it

volume .

“ Sometimes descr ibed a s spec ific magnetic t e

s istance . A numer ic , the reciproca l of induc
tiv i ty .

”

“ Res i s tance. f
-Capaci ty for oppos ing the

steady flow of electrici ty .

“ Numer ica lly, in absolute measure, the ra tio
of the tota l electromotive force to the cu rren t
strength in a c ircu i t of un iformflow . Aquan tity
w ith the na ture of a ve loci ty . T he prac tica l un it
i s cal led the ohm.

”

“ Res i s t iv z
'

tv.
—Resistance per un it volume ;

sometimes a lluded to a s specific res istance .

”

Un i versal Di scharger .
—(See D z

'

scba rg er ,

Un i v er s a l .)

Upr ight Gal vanometer .
—(See Ga l va

nometer , Upr zg lzt
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need le w hich occurs at d ifferen t seasons of

the year.

Var iat ion Char t or M ap .
—(See M ap or

Cna r t , I sog on i c .)

Var iat ion , Cycl ical M agnet ic
—Secu

lar magnet ic varia t ions occurring during
g rea t cycles of t ime. (See Va r i a t i on ,

Secula r . Va r i a t i on , M ag net i c .)

Var iat ion , Di urnal —An approx i

ma tely regu lar varia t ion of the magnet ic
needle , wh ich occurs a t d ifferen t hours of the
day . (SeeD ecl i na t i on .)

Var iat ion ,
Irregul ar —A va ria t ion

of the magnetic need le w hich occurs a t ir

regular in terva ls . (See D ecl i na t i on .)

Var i at ion , M agnet ic —Varia t ion s in
the va lue of the magnet ic decl ina t ion , or

incl ina t i on , tha t occur s imul taneous ly over
a l l parts of the earth .

T he term is a lso applied to the magnetic decl i
nation itsel f.
These varia tions are
( I . ) Secu lar , or those occurring at grea t cycles

of time .

Annual
,
or those occurr ing a t differen t

seasons of the year .

D iurna l , or those occurr ing at differen t
hours of the day .

Irregu lar , or those accompanying mag

netic s torms. T he first three are per iodical ; the
las t i s irregular. (See D ecl i n a ti on

,
Ang l e of .

C/za r t , In cl ina t ion .)

Var i at ion , Secul ar Avaria t ion in

the magnet ic dec l ina t ion w hich occurs a t

grea t cycles or in terva ls of t ime . (See D ec

l i na t i on .)

Var iet ies of Ci rcu i ts.—(See Ci r cu i ts ,

Va r i et i es of .)

Var iometer , M agnet ic An ins tru
men t for compa ring the hori zontal compo
nen t of the earth ’

s magnet ism in differen t
loca l it ies .

—T he kine .
.

Varn i sh , El ectr ic —Avarn ish formed
of any good insu la t ing materia l .
Shellac dissolved in a lcohol , appl ied to 3. Vel oc i ty Rat i O .

—(See Ra t i o, Veloci ty .)

thoroughly dr ied sur face and a fterwards hard
ened by baking, forms an excellen t varn ish .

Varn i sh , Stopp i ng-OE —A varn ish
used in elec tro-p la ting to cover port ions
wh ich are not to receive the meta l l ic coa t
ing .

A good stopping-off varn ish is made by mixing
‘

together 10 parts of ros in , 6 parts of beeswax ,
4 pa rts of sea ling-w ax and 3 pa rts of rouge , dis

solved in turpen tine . (See Stopp ing-Of . )

Vat, Deposi ti ng T he vat in w hich .

the proces s of e lec tro-pla ting is carried on . .

(See Pl a t i ng , E lectr a .)
T he depositing v at con ta ins the plating l iquid, .

the meta llic anode and the objec t to be pla ted .

Vegetat ion , Effects of El ectr ic i ty ou
'

—M os t vegetable fibres con trac t when
an elec tric curren t is passed through them

'

wh ile on the living p lan t .
Some exper imen ts appear to show tha t electr ic

charges and curren ts ha sten the germina tion and

grow th of certa in plan ts. O ther exper iments
seem to show tha t under cer ta in c ircumstan ces :
elec tr ic cu rrents retard plan t grow th . T he d i r

rection o f the curren ts i s probably of ma in im
por tance.

Vel oc imeter .
—Any appara tus for measur

ing the speed of a mach ine.

Vel oc i ty , Angu l ar —T he veloc ity off
a body moving in a c ircular pa th , measured , .

not a s usua l , by the leng th of its pa th d iv ided .

by the t ime , but w ith reference to the angle

it subtends and to the lengt h of the radius .

Un i t angle is tha t angle subtended by a part
of the circumference equa l to the length of the

radius , or 5 7 degrees 1 7 minutes 44 seconds .8

n early .

Un i t angular veloc ity i s the veloc ity under
which a particle moving in a c ircular pa th , whose '

radius equa ls un ity , w ou ld traverse un i t angle in;
un i t time .

Vel oc i ty, New Un i t of

(See K i ne.)

Vel oc i ty of Di scharge.
—(See D z

‘

scna rg e,
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Vent i l ation of Armature—(See Arma

ture, Vent i la t i on of .)

Vern ier.
—Adev ice for the more accurate

measuremen t of sma l l d ifferences of lengt h
than can be detected by the eye a lone , by
means of the d irect read ing of the pos it ion
of a mark on a s l iding sca le.

T he sliding sca le is called the vern ier . There
are a var iety of vern ier sca les in use .

Vertical Component of Earth
’

s M ag net

i sm.
—(See Component , Ver t i ca l , of Ea r t/z

’

s

M ag net i sm.)

Vert ical El ectrostat ic Vol tmeter .
—(See

Vol tnzeter , Ver t i ca l , El ectr osta t i c .)

Vert ic i ty, Pol es of, M agnet ic
—T he

earth ’

s magnet ic po les , as determ ined by

means of the d ipp ing needle.

T he point of the nor th where the angle of dip
i s 90 degrees . (See Ill ap or C/za r t , In cl ina t i on . )

Vi brating —M oving to-and-fro.

Vi brati ng B el l .—(See B el l , Vi br a t i ng .)

Vi brat i ng Contact—(See Con ta ct , Vi br a t
i ng .)

Vibrat ion .
—A to-and-fro mot ion of the

part ic les of an elas tic med ium. (See Wa r/e. )

Vibrat ion orWave,Amp l i tude of
T he ra t io tha t exis ts in a w ave betw een

the degree of condensa tion and rarefac t ion
of the med ium in wh ich the w ave is prO pa

ga ted .

T he amplitude o i a wave i s dependen t on the
amount of energy charged on the medium in

which the vibrati on or wave i s produced .

Avibra tion or w ave is a to-and-fro motion pro
duced in an elas tic materia l or medium by the
action of energy thereon . Sound , l ight and hea t
are subjec tively e ffec ts produced by the action of

vibrations or w aves
,
which in the cas e of sound

are set up in the a ir , and , in tha t of l ight and
hea t, in a highly tenuou s medium ca lled the lumi
n i ferous e ther . O bjectively they a re the w aves
themselves .

As the amplitude o f a sound w ave increa ses , the
loudn ess or in tensity of the sound increa ses . As
the amplitude of the ether w ave increa ses , the
br illiancy of the l ight or the in tens ity of the l ight
o r hea t i ncreases.
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Let A C , Fig . 56 ! represen t an elastic cord or

string tightly s tretched between A and C . If

the str ing be plucked by the finger , i t w il l move
to-and-fro

, as shown by the dotted l ines . Each
to o and-fro motion is ca l led a v ibr a t ion . T he

Fig. 5 6 1 . Amp l i tude of Wa ve.

vertica l dis tance B D , or B E
, represen ts the

amp l i tude of the vibra tion , and the sound pro
duced i s louder , the grea ter the amoun t of energy
w i th which the str ing has been plucked , or, in

other w ords , the grea ter the va lue of B D
, or

B E.

Vibra tion s assume var ious forms in so l id or

flu id media , but in a l l cases the amplitude w il l
increase w ith the increase in the energy tha t
causes the vibra tion .

Vi brat ion Per iod .
—(See Per i od , Vibr a

t i on .)

Vi brat ion , Per i od of —T he time
occup ied in executing one comp lete v ibra t ion
or mot ion to-and-fro.

Vi brat ion , Phase of —T he pos it ion
of the part ic les in mo tion in a wave or vibra ~

t ion at any in s tan t of t ime during the wave
period , a s compared w ith a zero l ine , or a line

pas s ing through theirmean ormidd le pos ition .

Vi brat ions, Isochronous —V ibra
t ions w h ich perform their to-and-fro mot ions
on either s ide of the pos it ion of res t in equa l
t imes .

T he vibra tions of a pendulum are practi ca lly
i sochronous , no ma tter wha t the amplitude of the

sw ing may be, tha t is , whether the pendulum
sw ings through a large are or a sma l l a re , pro
v ided this are be not very grea t.
Al l vibrations tha t produce mus ica l sounds may

be regarded as isochronous ; tha t is , in any c ase ,

the time requi red to complete a to-and fro motion
i s the same at the beg inn ing when the sound is
loud , as a t the end , when i t is fain t .

Vibrations, Sy mpathet ic —V ibra
t ions set up in bodies by waves of exac tly the
same wave ra te as those produced by the

vibra t ing body.

T he pitch or tone of the no te produced by the
body set in to sympathetic vibra ti on , i s exac tly the



same as the pitch or tone of the exc i ting waves or
vibra tions .

Her tz ’s exper iments show that sympathetic v i
bra tions are excited by electro-magnetic waves .

(See E lectr i ci ty ,
Her tz

’
s 7 71 6073! of E lectro-M ag

neti c Radia tions or Wav es . )

Vibrat ion s, Sympathet ic , El ectr i cal

V ibra tions set up in c ircu its , by the effec t
of pulses in ne ighboring c ircu its , tha t a r e o f

exact ly the same mean length.

Vi brat ions, Synch ronous —V ibra
t ions tha t are performed no t on ly in the same

t ime a s one another , but w h ich pass through
the same port ions of t he ir to-and-fro move
ment a t the same t ime.

Vi brator , El ectro-M agnet i c
—A

lever, or arm , automa tica l ly moved to-and

fro by the a l terna te at trac t ions of an elec tro
magnet and an Oppos ing sp r ing , or by the
success ive act ion of two elec tro-m agnets .

In e ither case the movemen t of the lever i s

utilized to permi t the ac tion of first one and then
the o ther device. Automa tic or trembling bel ls
are opera ted by means of an electro magne tic
vibrator .

Vi l l ar i Cr i t ical Poi nt—Aterm proposed
by Sir W il l iam Thomson for tha t s treng th of

magnet ic fie l d a t which the reversa l of the
effects of tens ion occurs .

B oth magnetic susceptibili ty and permeability
a re a ffected by mechan ica l s tress

,
vibration and

changes of temperature . In a weak magnetic
fi eld the susceptibility of iron w ire is increased by
longitudina l tens ion ,

w h i le in a s trong fi eld i t
may be decrea sed . T he particular strength o f

fi eld a t which the reversa l occur s is ca lled the

V illar i cr itica l poin t.

Vi scos i ty, M agnet i c —Tha t prop
erty of iron or o ther paramagnet ic substance
in v irtue of w hich a certain

'

t ime i s required
before a given magnet iz ing force can pro

duce its effec ts . (See Hy ster es i s , Vi scous .)
Vi scous Hysteres i s—(See Hy ster es i s ,

Vi scous .)
Vi s-Vi va .

—T he energy s tored in a moving
body , and therefore themeasure of the amoun t
of w ork tha t mus t be performed in order to
br ing a mov ing body to res t .

If M
,
i s the mass and V , the veloc ity

T he Vi s-Viva M V 3

2

Vi treous El ectr ic i ty .
— (See Electr i ci ty ,

Vi tr eous .)

Vi tr i te. An insula ting sub s tance.

Vol at i l i zat ion ,
El ectr ic —A term

somet imes us ed ins tead of elec tric evapora
t ion . (See Ev apor a t i on , El ectr i c .)

Vol can ic Lightn i ng—(See n ntn i ng ,

Vol ca n i c .)

Vol t —T he prac t ica l un i t of elec tro
mot ive force.

Such an elec tromot ive force as is induced
in a conduc tor w hich cuts l ines of magnetic
force a t the rate of per sec .

Such an electromot ive force a s w ould
cause a curren t of one ampere to flow aga ins t
the res is tance of one ohm.

Such an electromotive force a s w ould
charge a condenser of the capac ity of one

farad w ith a quan t ity of electric ity equa l to
one coulomb .

Io
q
absolute e lec tro-magnet ic un its of elec

tromot ive force.

Vol t-Ammeter .
—Aw attme ter.

A var iety of ga lvanometer capab le of d i

rect ly measuring the produc t of the difference
of poten tia l and the amperes . (See Wa tt

meter .)
Vol t Ampere—Aw a t t . (See IVa tt .)

Vol t—Coul omb .
—T he un i t of elec tric work.

T he joule. (Seejou le.)
Vol t , M ega

—O ne mil l ion volts .

Vol t , M icro —T he one-m ill ionth of a

vol t .

Vol tage—T his term is now very com

mon ly used for either the elec tromot ive force
or difference of poten tia l of any part of a

c ircuit as determined by the reading o f a

vol tmeter p laced in tha t part of the c ircu it .

Vol tage, T erminal —T he elec tro
mot ive force expres sed in vo lts of a dyn amo

or o ther elec tric source , a s indica ted by a

vol tmeter p laced acros s its termina ls .

T he termina l vol tage i s grea ter than tha t on
the leads or conductors a t some distance from



https://www.forgottenbooks.com/join


VOL] 5 46 [V0].

Vol ta ic Ci rcui t—(See Ci r cu i t , Volta i c.)

Vol ta ic Coupl e.
—(See Couple, Vol ta i c .)

Vol tai c Effect—(See Ej ect . Volta i c.)

Vol ta ic El ectr i c i ty . (See El ectr i ci ty ,

Vol ta i c. )

Vol taic El ement—(See E lemen t , Vol

ta i c .)

Vol tai c or Current Induct ion.
—(See I n

duct i on , Volta i c.)
Vol tameter .

—An elec trolyt ic cel l em

ployed for measuring the quan t i ty of the

e lec tric curren t pas s ing through it by the

amoun t of chemical decompos it ion effec ted
in a given time.

Var ious elec trolytes are employed in vol tam
eters , such as aqueous solution s Of su lphur ic
acid , Copper sulpha te , or other meta l lic sa l ts.
In the su lphuric ac id vol tameter shown in Fig .

562, the t a ttery terminals are connected w i th p la
tinum elec trodes , immersed in wa ter slightly ac idu
la ted w ith su lphuric a c id , and placed in s ide glass
tubes , a lso fi l led w ith ac idula ted w a ter . O n the

passage of the curren t hydrogen appea rs at the

ka thode, and oxygen at the anode , in nearly the
proportion of two volumes to one . (See O zon e. )

Fig . 5 02 . A Su lph ur i c Ac id Vol tameter .

In the case of wa ter con ta in ing su lphuric ac id
(by dr ogen su lp lza te) the decompos i tion w ou ld ap

pea r to be tha t of the sulphuric ac id ra ther than
tha t of the wa ter . T he reaction i s a s fol low s

H 2 504 H .3
80

4 .

T he hydrogen appears a t the elec tro nega tive
termina l or ba t/Lode. T he SO

4
appears a t the

e lectro pos itive term ina l or a node , bu t combines
w i th onemolecu le of wa ter

,
thu s

,
SO

4
H 20

I1
2
80

4 O
, gaseous oxygen be ing dr iven o ff a t

the anode .

Vo ltameters are not as well suited a s galva
nometers for th emea surement of elec tr ic curren ts

,

because a certa in elec tromotive force mus t be

reached be fore electr olysis i s efiected .

T he voltameter in reali ty measures the cou

lombs , and , therefore , i s va luable as a curren t
measurer on ly when the curren t i s consta n t.
Cou lomb-meter would , therefore, be the pref

crable term .

Then, aga in , time is requ ired to produce the
results , and cons iderable difficul ty i s exper ienced
in ma in ta in ing the current strength constan t,
either on accoun t of variations in th e electro
motive force of the source, or of varia tions i n the
resis tance of the vol tameter.

Vol tameter , Copper —A vol tameter
in w h ich the quan t ity of the curren t pass ing
is determined by the we igh t of copper de
pos i ted .

Acu rren t, the strength of which is con stan t, is
passed through the voltameter for a given time.

T he ka thode, preferably of pla tinum
,
i s thor

oughly cleaned and dr ied w ith a curren t o fhea ted
a i r and accura tely w eighed before and a fter .

T he curren t strength is then deduced from the

increase in weight and the time.

A ga lvanometer i s kept in the c ircu i t of the
ba ttery and voltameter. I f a Dan ie l l ba ttery i s
u sed

,
i t should be kept on closed-circu i t through

a res istance for some t ime before u se, in order to
in sure norma l curren t.
I t w il l be noticed tha t the indica tion s of this

vol tameter a re based on the ga in in w eight o f the
ka thode. T he loss in w eight of the anode i s m is
leading, ow ing to secondary chemica l ac ti on and

dis integra tion .

Vol tameter , Gas —Aterm sometimes
used for volume vol tameter. (See Vol tam

Vol tameter , Sie1nens
’

Di fferent ial

A form of vol tameter employed by Sir W il
l iam Siemens for determin ing the res is tance Of
the p la t inum s pira l used in h is elec tric pyrom
eter. (See Py r ometer , S i emens

’

Electr i c.)
T w o separa te voltameter tubes

,
provided w ith

platinum elec trodes and fi lled w ith dilute sulphu

r i c ac id , a re provided w i th ca refully gradua ted
tubes to determ ine the volume of the decomposed

gases . (Sec Vol tameter , Volume . )
Acurren t from a ba ttery i s d ivided by a sui t

able commutator into two c ircu its connec ted re

spectively w ith the two vol tameter tubes . In one

of these c ircu its a know n resis tance is placed , in
the other the res is tance to be measured , 17. e . , the

pla tinum coi l u sed i n the electr ic pyrometer .
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Vol tameter , Si l ver A voltameter
i n wh ich the quan t ity of the current pass ing
is determined by the we igh t of s ilver de
pos i ted .

Asolu tion of s ilver n i tra te is u sed as the elec
troly ti c l iquid . When the curren t to be measured
is strong the strength of the s ilver n itra te solution
is made stronger.

Vol tameter , Vol ume —Avol tameter
in w hich the quant i ty of the curren t pass ing
is determined by the volume of the gases

evolved .

In some forms of volume vol tameter in which
dilute sulphur ic acid i s electrolyzed , both the

hydrogen and the oxygen are measured , e ither
«separa tely or together.

In one form of volume vol tameter the hydrogen
o nly i s collec ted , and thus the error in volum
e tr ic determina tions ar ising from the decrease in
v olume from the forma tion o f ozone is avo ided .

T he evolved oxygen is isola ted from the hydrogen
by plac ing a porous jar between the e lectrodes .

T he n egative e lectrode, i s formed of platinum
fused i n the tube , which , for ease of connec

t ion , i s par tia lly fi lled w i th mercury .

T he gradua ted glass tube , in which the hy

d rogen i s col lected , is main ta ined a t a nearly con
s tan t temperature by means Of a w a ter column .

A thermometer i s provided for corrections of

volume as afi ected by tempera ture.

T he voltameter con ta ins dilute sulphuric ac id ,
about 30 per cen t. of acid .

Vol tameter , Weigh t Avoltameter
in w h ich the quan t i ty of the curren t pass ing
i s determ ined by the d ifference in the w e igh t
of the ins trumen t a fter the circui t has pas sed
for a g iven t ime.

A weight voltameter consists essen tia lly Of

p la tinum e lectrodes and some means for thor
o ughly drying the evolved gases . Avessel fi l led
w i th pum ice s tone mois tened w ith sulphur ic a cid ,
or a-chlor ide of ca lc ium tube, may be used for thi s

p urpose . T he voltameter is carefu ll y w eighed
"before and a fter the decompos ition . T he differ
ence in w eight gives the weight of the sulphuric
a c id decomposed .

Vol tametr ic Law.

-r i c.)

(See L aw , Vol tamet

Vol tmeter .
—An ins trumen t used formea s

l

l

[V0].

uring d i fference of potent ia l . (See Ga l va

nometer . Poten t i a l , D gfi
'

er ence of . Vol t .)

Avol tmeter may be constructed on the pr inciple
o f a galvanometer, in w hich case i t differs from
an ammeter, or ampere meter , which mea sures
the curren t, principally in tha t the res istance
of its coils i s grea ter , and tha t in an ampere meter
the coils are placed in the c ircuit, w hile in a volt
meter they a re placed as a shun t to the c ircui t .
T he difference of poten tial is determined from

the reading of a voltmeter , by the fa c t tha t accord
ing to O hm

’
s law

, the product of the cu rren t and
the res istance i s equa l to the e lec tromotive force

,

E

E
from which we obta in C x R E.

In the ordinary opera tion of a vol tmeter
,
the

action of the curren t in passing through a coil of
insula ted w ire is to produce a magnetic field ,
which causes the deflec tion of a magnetic needle .

Since the resis tance of the voltmeter i s constan t ,
the curren t passing, and hence the deflection of

the needle , w ill vary w ith the va lue of E. T he

magnetic field produced by the curren t deflects
the magnetic needle agains t the action of anothe r
field , which may be either the earth’s fi eld

,
or an

artificia l field produced by a permanen t or an

electro-magnet . O r , i t may defl ec t it aga in st the
action of a Sp ring , or aga inst the force of gravity
acting on a w eight . There thus a rise varieties of
voltmeters , such a s permanen t-magnet voltmeters ,
spr ing voltmeters , and grav i ty vol tmeters .

O r
, the curren t produced by a given difference

of poten tia l may be used to hea t a w ire , and the

va lue of the potenti a l difference determined b y
the movemen t of a

‘

needle by the consequen t
expan sion of a w ire. Cardew ’

s voltmeter opera tes
on this princ iple . (See Vol t /ueter , Ca rdew

’
s . )

O r
,
the potentia l difference to be measured

may be u tilized to charge a readily movable
needle , and thus produce electrostatic a ttraction s
and repuls ion s .

This form of instrumen t is in rea lity a form of

elec trometer . (See El ectr ometer , Quadr a n t .

Attr a ct ion ,
E lectros ta t i c.

Vol tmeter , Cardew’

s —A form Of
vol tmeter in w hich the poten t ia l difference is
measured by the amoun t of expa n s ion caused
by the hea t of a curren t pas s ing through a

fixed res is tance .

T he current produced by the difference o f

potentia l to be measured is passed through a high



Vol .)

resistance w ire of pla tinum si lver
,
the expansion of

which is caused to move a needle across a.

gradua ted arc . T he w ire i s thin and therefore
qu ickly acquires the tempera ture due to the

cur rent.
T he Cardew voltmeter possesses an advan tage

of being independen t of changes of tempera ture.

It i s also capable of being used to measure the

potentia l difference of a l terna ting curren ts .

Vol tmeter , Cl osed-Ci rcu i t —Avol t
meter in w hich the poin ts of the c ircuit, be
tween w hich the poten t ia l d ifference is to be
measured , a re connected w ith a c losed coi l

or c ircui t , and w h ich gi ves indica t ions by
means of the curren t so produced in sa id
c ircuit .

Al l ga lvanometer-voltmeters are of the c losed
c ircui ted ty pe .

T he Weston standard voltmeter shown in Fig .

5 63 i s a c losed-c ircui t vo ltmeter .

Fig. 5 63 . Weston Sta nda rd Voltmeter .

Vol tmeter , El ectro-M agnetic

form Of vol tmeter in w hich the difference
of poten t ia l is mea sured by the movemen t of
a magnet ic needle in the field of an elec tro
magnet . (See Vol tmeter .)

Vol tmeter , Grav i ty —Aform of vol t
meter in w h ich the potent ia l d ifference is

measured by the movemen t of a magnet ic
need le aga in s t the pul l Of a w e ight .

Si r William Thomson ’
s ba lance ins tr umen ts are

used as gravity vol tmeters . (See Vol tmeter

Vol tmeter , M agnet ic-Vane —Avol t
meter in w h ich the poten tial difference is

measured by the repuls ion exerted betw een a

5 48 [VOL

Vol tmeter , M ul t i-Cel l ul ar El ectrostat ic
—Ah elec tros ta tic vol tmeter in w h ich a .

series of fi xed and movable p la tes are used

ins tead of the s ingle pair emp loyed in the

quadran t electrome ter.

T he movable pa irs of pla tes are connected to a

movable axis and placed vertica lly above one .

another. T o the top of the axis is fixed a l ight
a lumin ium needle or poin ter , w hich moves over a
gradua ted scale . Aser ies of fixed pla tes , su ita
bly suppor ted and insu la ted from the ground ,
a l terna te w i th the needle pla tes .

T he con s truction of the vertica l electros ta tic
vol tmeter is

,
in genera l , s imi lar to that of the

quadran t elec trometer . (See E l ectr ometer , Quad

r an t . )

fixed and a movable vane of soft iron placed
w i th in the field of the magnetizing coil .
Apo in ter , fixed to the moving vane, serves to

measure the amoun t Of the repuls ion , and con se r

quently the poten tia l difference produc ing the

magnetizing curren t . The moving vane moves
under the magnetic repu ls ion aga ins t the ac tion .

of a spr ing . D iscs of copper for damping the

movemen ts of the movable vane, are placed he r

fore and beh ind it .

Vol tmeter , O pen-Ci rcu i t —A vol t
meter in w h ich the po in ts Of the c ircuit w here
po ten t ia l difference is to be measured a re

connec ted w ith an open c ircu i t and g ive in

dica t ions by means of the charges so pro

duced .

Electrometer-vol tmeters are of the Open-Ci r
cui ted type .

Vol tmeter , Permanent M ag net —A
form of vol tmeter in w hich the d ifference of

poten tial is mea sured by the movemen t O f a .

magnet ic needle under the comb ined ac t ion
of a coil and a permanen t magnet , aga ins t the
pul l of a spring . (See Vol tmeter .)

Vol tmeter , Reducteur or Res i stance for
'

(See Reda cteur or Res i sta n ce f or

Vol tmeter .)

Vol tmeter , Vert i cal El ectrosta t ic
—Aform of vol tmeter the needle of w hich
moves in a vertica l ins tead Of in a horizon ta l
p lane.
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T he wa tch i s held by i ts cha in and slow ly lowered
to the bottom of a hol low con ica l coil of w ire , and
then slow ly w ithdrawn from the coil .
T he w ire i s wound on the coi l, as shown in

F ig . 565 , in the shape of a cone, viz . : w ith a

s ingle turn a t the top , and gradua l ly increas ing
in number of turn s towa rds the bottom. T he

con ica l coi l i s connected w i th a source of rapidly
a lterna ting currents .

As the w a tch i s low ered in to the coil , it gradu
a l ly becomes more and more powerfully magnet
i zed w ith a l terna tely oppos ite polar ities, thus
completely removing any pola rity i t previously
possessed . As i t i s n ow slow ly ra ised from ou t

the hollow cone, this magnetiza tion becomes less
a nd les s , un til , i f removed from the con ica l coi l
w hile high above i ts apex , a l l sens ible traces of

magnetism w i l l have disappeared .

Watchman’s E l ectr i c Reg i ster . (See

Reg i ster , Wa tcnma n
’

s E l ectr i c .)
Water B atter y.

—(See B a ttery , LVa ter .)

Water-Dropp ingAccumttl ator .
—(SeeAo

cumu la tor , Wa ter

Water , El ectrol ys i s of —T he de

compos ition O i wa ter by the pas sage through
i t of an e lec tric current .

Wa ter does not appear to conduct electric ity
w hen pure ; i t is therefore not qu i te cer ta in tha t
pure w ater can be electrolytica lly decomposed .

T he addition of a sma l l quan tity of su lphur ic
ac id , or of a meta ll ic sa lt, however , render s i ts
e lec trolysis readily accomplished . (See Vol

tameter . )
In the opin ion o f most

,
i t i s the sulphur ic ac id

tha t i s decomposed ra ther than the w a ter .

Water Horse-Power .
—T he Ind ian Gov

ernment
’

s term for horse-power developed
by fa l l ing wa ter.

T he estima te is made by the fol low ing s imple
rule : 1 5 cubic fee t of w ater fa lling per second
through I foot equals I horse power .

Water-J et Tel ephone Transmi tter .
—(See

T r a nsmi tter , Wa ter jet Tel ep/zone.)

Water Level Alarm. (See

Wa ter or L i qu i d Lev el .)
Water-Proof Wi re.

—(See Wi r e, Wa ter

Pr oof . )

Water Pyrometer . (See

S i emens
’ Wa ter . )

Ala rm,

Py r ometer ,

[Wat

Water Rheostat .
—(See R/zeosta t , Wa ter .)

Water Vol ta ic Cel l .—(See Cel l , Vol ta i c ,

Watt—T he un i t of elec tric power. T he

volt-ampere.

T he power developed when foot
pounds of work are done per minute, or

foot-pounds per second .

T he
T h. of a horse-power .

There are three equa tion s which g ive the

va lue of the w a tts , v iz
C E T he w a tts .

C QR T he w a tts .

E“

Tl tt(3
R

t e wa 5

Where C the curren t i n amperes E the

electromotive force in vol ts , and R the resist
ance in ohms . (See Energy ,

E lectr i c . )

Watt Arc.
—(See Ar c , Wa tt .)

Watt Generator .
—(See Gener a tor , Wa tt .)

Watt-Hour . Aun i t of elec tric w ork.

Aterm emp loyed to indica te the expendi

ture o f an electrica l power of one wa tt , for an
hour.

Watt-Hour , Ki l o T he B oard of

Trade un it of work equa l to a n output of one
kilo-wa t t for one hour.

Watt , K i l o —O ne thousan d w a tts .

Aun i t of power somet imes used in s ta t ing
the output of a dynamo .

Adynamo of 20 un its , or a 20-un i t machine , is
one capable of g iving an output of 20 kilo-watts .

Watt-M eter .
—A ga lvanometer by means

of which the s imu ltaneous mea suremen t of

the d ifference of poten t ia l and the curren t
pass ing is rendered poss ib le .

T he watt-meter con sists of two coils of insu
la ted w ire, one coarse and the o ther fine , placed
at r ight angles to each other a s in the ohm-meter,
on ly, instead of the currents ac ting on a sus

pended magnetic needle, they act on each other
as in the electro-dynamometer .

Watt-M i nute.
—Aun i t of e lectric w ork .

An expenditure of elec tr ic power of one

wa t t for one minu te.

Watt-Second .
—Aun i t of elec tric work.

An expenditure of electric power of one

w a t t for one second .
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Wave—A dis turbance in an elas t ic me

d ium tha t is period ic both in space and

t ime.

Wave, El ectr ic —An elec tric d is turb
ance in an elas t ic medium tha t is periodic
both in space and t ime . (See O sc i l la t i on s ,
E lectr i c .)

Waves, Ampl i tude of —T he amp l i
t ude of a vibra t ion . (See Vi br a t i on or

Wa ve, Amp l i tude of .)
Waves, Di spl acemen t —Waves pro

d uced in the ether Of d ielec trics by means of

e lec tr ic d isplacement .
T he electr ic stress applied to a dielectr ic to pro .

-duce electr ic displacemen t soon stra in s i t to i ts

u tmost
'

and no fur ther displacemen t can occur

un ti l the direction Of the e lectric power is re

v ersed . Arapidly intermitten t curren t therefore
can pass through a dielec tr ic and thus produce a

:series of displacemen t waves .

D ielectr ics , therefore, may be con s idered as

pervious or transparen t to rapidly intermitten t or
r eversed per iodic currents , but opaque or imper
v ious to continuous curren ts . Acondenser in ter
p ola ted in a telephone c ircu it does not preven t tele
p hon ic communica tion ,

though i t does effectua lly
s top a ll con tinuous curren ts .

Waves, El ectro-M agnet ic —Waves
in the ether tha t are g iven off from a c ircu i t
th rough wh ich an osci llat ing d ischarge is

pass ing , or from a magnet ic c ircui t under

g oing varia tions in magnet ic in tens ity.

Waves, El ectro-M agnet ic, In ter ference

of —Interference effec ts s imilar to those
produced in the case of waves of l ight , O b
s erved in the ca se of elec tro-magnet ic rad i
a t ions , or waves , in w h ich one sys tem of

w aves , retarded a ha l f wave leng th behind
another sys tem of equa l w ave length and am

p li tude, resul ts in a complete loss of mot ion
of the part ic les of the ether they tend to

s imul taneous ly a ff ec t.
In order tha t complete inter ference may take

place
,
i t i s necessary

( I . ) Tha t the two w aves , or system of waves,
must meet in Oppos ite pha ses . Tha t is

,
tha t one

be retarded back
’

Of the other one-ha l f a wave
length , or some Odd number Of ha l f w ave lengths .

Tha t the waves Simu l taneous ly a ffect the

same particles of ether in which they are mov

i ng .

Tha t the energy charged on the ether in
the shape of w aves of electr o-magnetic radia tion

,

must be equal in the cas e Of each system of waves .

Tha t the two systems of waves mus t have
the same wave length .

These conditions , i t w ill be seen , are exactly
the same as in the case Of the interference of

l ight.
It w ill , of course, be readily unders tood that if

electro-magnetic radia tion s can produce the

effect of re s onance , they mus t a lso necessar il y
produce interference effec ts .

Waves, E l ectro-M agnet ic, Reflect ion of

—Refiect ion of electro-magnet ic waves
s im ilar to the reflec t ion of waves of l ig ht .
In h is exper imen ts on electro-magnetic radia

tions , D r. Hertz shows that true reflection Of
electro-magnetic waves occurs from the surfaces
of cer ta in subs tances placed in the pa th of the

w aves .

In some experimen ts made in a large room,

Dr . Hertz obta ined undoubted indica tions of re
flection of electro-magnetic waves from the w a lls
of the room.

Waves of Condensat ion and Rarefact ion .

—T he a lterna te Spheres Of condensed and

rarefied a ir by means of w hich sound is

transmi tted . (See Wa v es , Sound .)

Waves , Sound -Waves produced in
a ir or other ela s t ic media by the v ibrat ions
of a sonorous body. (See Sound .)

l Vay Line
—(See L i ne, Way .)

Weather Cross—(See Cr oss , l/Vea t lzer .)

Weber.
—A term formerly employed for

the un it O f elec tric current , and replaced by
ampere. (SeeAmper e.)
T he term weber was original ly used to expres s

a quan tity of electric i ty equa l to wha t is now

ca lled one coulomb, and a curren t designa ted by
one w eber per second . It was , however, used
fina lly as a uni t of curren t.

Weber.
—Aterm proposed by C laus ius and

Siemens for a magnet ic pole Of un it s trength ,

but not adopted .

Thi s same term was also employed to des ig

na te the un i t strength of current, now replaced
by the term ampere .
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Weber
’

s Theory of Di amag net i sm.

(See D i amag net i sm, Weoer
’

s Tnewy of .)

Weight , Atomi c —T he rela t ive
w eights of the a toms of elemen tary sub

s tances .

Since the a toms are a ssumed to be indivisible ,
they mus t un i te or combine a s w holes and not

as parts . Although w e cannot determine exactly
the ac tua l weights of the differen t e lemen tary
a toms , y etwe can determine the ir relative weights
by ascer ta in ing the sma lles t propor tions in which
any two e lemen ts tha t combine a tom for a tom
w il l un i te w ith each other . Such numbers
w il l represen t the rela tive weights of the a toms
as compared w th hydrogen .

Weight Vol tameter .
—(See

Wezg/zt .)

Weights and M easures, M etr i c System
of —Asys tem of w eights and measures

adopted by a lmos t a l l c ivi l ized na tion s excep t
Eng l ish-speaking , and by the scien t ific world

genera lly.

For measures of length , the one ten -m illion th
par t of the quadran t of a mer idian of the ear th i s
taken as the un i t of length. This un i t of length
i s ca lled a me tre

,
and var ious subdivis ions and

multi ples of i ts length are made on the dec ima l
system .

For a system of w e ights , the w eight of one
cubic cen timetre of pure w a ter a t 392 degrees
Fahr .

,
the tempera tu re of the max imum density of

water , is taken as the un i t of w eight . This i s
called a g r amme , and var ious mul tiples and sub

division s o i this un it are made on the dec ima l
sys tem .

T he fol low ing table of French measures and

their corresponding English va lues are taken
from Deschanel

’
s

“ Elemen ta ry Trea tise on

Natura l Philosophy
Lengt/t .

I mill imetre .03937 inch , or about
3
1
5
inch .

1 cen t ime tre .393 7 inch .

1 dec imetre inches .

1 metre inches
yard .

I kilometre yards , or abou t 3 m ile.

D eschanel g ives the length of the meter as

equa l to 39. 370432 inches .

U . S. C oas t Survey Bull. No . 9 of 1889, gives
va lue of meter inches . Therefore ,

i s p robably as accura te as any other figure .

Vol tameter ,

feet a n

Ar ea .

I square mill imetre
‘

: .001 55 square inch.

1 square cen timetre Z I 55 square inch .

I square dec imetre squa re inches .

I squaremetre 1 550 squa re inches
square feet : square yards .

I

I

pounds ;

M s cel l a neous .

1 gramme per square cen timetre
pounds per squa re foot.
I kilogramme per square centimetr e

pounds per square inch .

I kilogrammetre foo t-pounds .

I f or ce a
’
e c/zev a l 75 k i logrammetres per

‘

second , or 542% foot pounds per second , near ly ,
wherea s I horse-power (Engl ish ) 5 50 foot
pounds per second .

Conv er s ion of Eng l z
’

sb i n to Fr enc/t mea sur es

Lengt/z.

I inch centimetres , nea rl y .

I foo t : cen timetres , near ly.

I yard centimetres , nearly .

1 s ta tu te mile 1 60933 cen timetres , near ly .

M ore accura tely , 1 inch 2.5399772 cen ti
metres .

Ar ea .

1 squa re inch squa re centimetres , nearly ,

1 square foot 929square cen timetres , near ly
1 square ya rd 836 1 square cen timetres

,

near ly .

1 square mile X 101 0 square cen timetres ,
near ly .

1 cubic inch cubic cen timetres , near ly .

1 cubic foot 283 1 6 cubic cen timetres
,
near ly

1 cubic mill imetre .00006 1 cubic inch .

1 cubic cen timetre .06 1025 cubic inch .

1 dec imetre cubic inches .

Cubic metre 6 1025 cubic inches
cubic feet cubic yards .

T he litre (used for liquids) is the same as the

cubic dec imetre, and is equa l to pin t
, or

22021 ga llon .

fi l a s s a nd PVeig/zt .

1 m illigramme .01 543 gra in .

1 gramme gra ins .

1 kilogramme z . gra ins
avoirdupois .

M ore accura tely , the kilogramme is

pounds .
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low s , viz . : the welding junction s are made sl ightly
convex , so as to touch in bu t one par t o f their
oppos ing faces . They are made to touch nea r

their centres and the welding hea t i s firs t reached
near their poin ts Of junc tion . Pressure i s then
applied by means of a screw , lever or hydraul ic
pressure un ti l a ll the surfaces are at the welding
tempera ture .

This Opera tion requires in practice but a few

seconds for sma ll work , and at the mos t but a

Fig . 5 6 7 . l e T/zomson Ind i rect Weld er .

few minutes for larger work. T he hea ting is
practica l ly local , extending in most cases a d is
tance equa l to abou t the diameter of the weld .

For the purpose of con trol ling the electro
motive force, and thus adapting the same w elder to
differen t c lasses of work , when a transformor i s

used , a second transformer provided wi th a mov

able core i s
i

p laced in ser ies w ith the fi rs t. A
number of coils of in sula ted w ire are placed in a

segment
~

of a split-r ing lamina ted-core . These
may be connec ted in ser ies or in mu ltiple by a

sw itch . An iron arma tu re placed w i thin the

spli t ring enc loses the annu lar core and ac ts as

the low-resis tan ce secondary . When this i s placed
so as to embrace the primary co ils , the differen ce
of potentia l w ill be differen t than if moved to one

s ide or the other of the r ing .

Wel di ng T ransformer.
—(See

f ormer , Weldi ng .)
Wheatstone’s El ectr i c B al ance—(See

B a lance, W/zea tston e
’

s E lectr i c .)

Tr a ns

Wheats tone’s E l ectr i c B ri dge.
—(See

B r i dg e, Wlzea tstone
’

s E lectr i c .)

Wheel , B ar low
’
s or Sturgeon

’
s A

w heel or disc of meta l capab le of rotation on

a horizon ta l axis , tha t is set in to rotat ion w hen
p laced between the poles of magnets and

traversed by a curren t of elec tricity from the :

centre to the c ircumference.

Wheel , Phon ic —Aw heel ma inta ined
in synchronous rota t ion by means of t imed

elec tric impul ses sen t over a l ine, and em

p loyed in B elamy ’s synchronous mul tip lex .

telegraph ic sys tem.

T he phon ic wheel was invented by La Cour
,
but .

was fi rs t pu t in to successful Opera tion in mu l tiplex
te legraphy by Delany in h is system of synchronous
mul tiplex telegraphy . (SeeTelegr ap/zy ,

Sy nc/tron

ous .M ul tz
'

p l ex ,
D ela ny

’
s Sy s tem. ) Delany oh

ta ins the exact synchron ism of the phon ic wheel
by means of a ser ies of correcting elec tr ic impulses ,
automa tica lly sen t over the l ine on the fa ilure of

the phon ic wheel a t either end of the l ine to ex

actly synchron ize w ith tha t a t the other end .

Wheel , React ion , El ectr ic —Aw heel
driven by the reac t ion of a convec tive d is

charge. (See F lyer , Electr i c .)
Wheel , Trol l ey —Ameta llic w heel .

connec ted w i th the trol ley pole and moved
over the trolley w ire on the mot ion of the car

'

over the tracks , for the purpose of taking the

curren t from the trol ley w ire by means of.

rol ling con tac t therew i th .

Wh i r l , E l ectr ic —A term emp loyed
to indica te the c ircular d irec t ion of the l ines .

of magnetic force surrounding a conduc tor
conveying an elec tric current . (See F i eld ,
Electr o-M ag neti c .)
This i s more correctly ca l led a magnetic whir l .
(See Wh i r l , Ill agnetz

'

c. )

Wh i rl , Expand i ng M agnet ic —O ne
of the magnet ic w h irls wh ich are sen t out
from a conduc tor through wh ich a curren t of.

gradual ly increas ing s trengt h is pas s ing , or

from a magnet whose magnetism is increas

ing .

These magnetic w hir ls
,
according to Her tz ,

move ou tw ard through free ether w i th the velo
c i ty o i l ight .

Wh i r l , M agnet ic —T he l ines ofmag

net ic force w h ich surround the c ircui t of the.

conduc tor conveying an elec tr ic curren t .

Whi st l e, Steam,Automati c El ectri c
-As team wh is t le , employed on foggy days
in some sys tems of ra ilway s igna ls , when the



visua l s igna ls canno t be seen , in wh ich the

passage of the s team th rough the whis tle is
automa tica l ly obt a ined by the c los ing of an

electric con tac t , or the passage of the loco

motive over a certa in pa rt of the track.

Wh i te Heat—(See H ea t , Wni te.)

Whi te Hot . (See Hot , W lzi te.)

Wimshurst El ectr i cal M ach i ne—(See
M a c/zi ne, Wimsnur s t E lectr i ca l .)

Wi nd , E lectr i c —T he convec t ion
s tream of a ir part ic les produced a t the ex

tremit ies of points a ttached to the surface of

charged , insula ted conduc tors . (See Con

v ect i on , Electr i c . Fly er , Electr i c.)
Wi ndage of Dynamo.

—A term proposed
for the a ir gap be tween the arma ture and the

pole p ieces of a dynamo.

This term is not much used .

Wi nders , Tel eg raph ic Paper -Ap
para tus forw inding or co il ing the paper fi l lets
used on telegraphic regi s ters .

When moved by means of a spring they are

genera lly sty led automa tic w inders.

Wi nd i ng , Ampere —A s ing le w ind
ing or turn through w hich one ampere pas ses .

Ampere-w inding i s used in the same sign ifica

tion as ampere-turn . (See Turn ,
Amper e. )

Wi nd i ng , B ifll ar —A w ind ing of a

coil of w ire in which , ins tead of w inding the
w ire in one con t inuous leng th , it is doub led
on itself and then wound .

This method is employed in resis tance coils
,
so

as to avoid the induction effects . (See Coi l ,

Res i stance.

Wi nding , Compound , of Dynamo-El ectr i c
M ach i ne —A method of w ind ing in

w h ich shunt and series co i ls a re placed on

the field magnets . (See M a c/zi ne, Dy namo

E lectr i c, Compound Wound .)
Winding, Ser i es —A w inding of a

d) namo-electric machine in w hich a s in

g le set of magnet izing co ils are p laced on the
field magnets , and connec ted in series w ith
the arma ture and the externa l c ircui t . (See

Mac/zi ne, Dy namo
-Electr i c , Ser i es Wound .)

Window-Tube l nsul ation .
—(See In su la

tor , Wi ndow Tube .)

Wi pe Spark—(See Spa rk , Wipe.)

Wi pi ng Contact—(See Con ta ct , W ip i ng .)

Wi re, Ai r-Li ne —That port ion of a

c i rcui t which is formed by a ir-s trung w ires , in
contradis tinct ion to the portion w hich passes
through underground or submarine cab les .

Wi re, B inding, for Tel egraph Lines
—T he w ire used for securing l ines of wire

conductors to the insula tors .

T he fi ne w ire rests aga ins t the insula tors at as

smal l an area of con tac t as pos s ible
, genera lly

on ly a mere edge . In order to attach the w ire
to the insulator , and protect the w ire from cha f
ing , i t is secured to the in sulator by binding w ith
w i re .

Wi re, B l ock —A l ine or w ire em

p loyed in a b lock sys tem for ra ilroads , con
nect ing a b lock tower w i th the next tow er

on each s ide of it . (See Ra i lr oa ds , B lock
Sy stemf or .)

Wi re, B ra i ded —A conduc ting w ire
covered w ith a bra iding , as d is t ingu ished from
a w ire tha t is merely wrapped w ith insula t ing
ma teria l .
Cotton or s i lk is used for bra iding . T he cov

e r ing is Often coa ted by a layer o f some in su
la ting gum or va rn ish dissolved in a rapidly
drying liquid . It i s sometimes covered w ithmelted
paraffi ne .

1 vg . 5 68. B r a ided IVi re.

Acopper w ire covered w ith insula ting mater ia l
and then bra ided is shown in Fig . 568.

Wi re, Ca l l ing —Aw ire emp loyed in
a telegraphic or telephonic sys tem , by means

of w hich a subs criber commun ica tes w i th the
centra l Offi ce , or one centra l offi ce commun i

cates w ith another.

This w ire is termed the ca l l ing w ire in order to
distingu ish from the w ire ac tua l ly used for ta lking
or te legraphing .

Wi re, Conduct ibi l i ty and Si zes of
For tab les g iving the res is tance , s ize , w eight

per foot , etc . , of w ire according to some of

the princ ipa l w ire gauges see pages 254 and

256 .
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Wi re, Copper , Hard-Drawn —Copper
w ire tha t is drawn three. or four t imes a fter

a nnea l ing .

T he draw ing subsequen t to annea ling renders
the w ire hard and elast i c, w ith but a tr ifl ing de
crease in i ts conductivity . A hard . draw n w ire ,
of course, pos sesses grea ter l imits of elas t ic ity
than soft-drawn w ire ,

and , there fore , i n the case

o f a ir l ines , permits of the use of a longer d i s tance
between adjacen t poles .

Wi re, Copper , Soft-Drawn —Copper
w i re t ha t 18 softened by anneal ing a fter
draw ing . (See Wi r e, Copt er , H a rd

D r awn .)

Wi re, Dead, of Armature —T hat
pa rt of the w ire on the arma ture of a dynamo
w hich produces no elec tromotive force or

resul tan t curren t .

I t i s called dead because i t does not move
through the fie ld of the machine .

Wi re, Dup l ex —An insu la ted con

duc tor conta in ing two separa te para llel w ires .

Wi re, Ear th-Grounded —A w ire

one term ina l o f w hich is grounded or put to

eart h , so tha t the earth forms a part of the

c ircui t in w hich the w ire is p laced .

Wi re, Feedi ng —A term sometimes
app l ied to the w ire or lead of a mu l tip le c ir

cui t wh ich feeds the ma in.

In a system of electr ic ra ilroads the feeding
w ires feed the trolley w in 5 .

Wi re Fi nder .
—(See F i nder , Wi r e .)

Wi re, Fuse A readily fus ib le w ire

employed in a s afety ca tch to Open the c ir

cuit w hen the curren t is excess ive . (See
Ca tcn, Saf ety .)

Wi re Gauge, Vern i er -(See Ga ug e,

Wi r e, Mi cr ometer .)

Wi re, Grounded —(See Gr ound or

Ea r t/z.)

Wi re, House —In a sys tem of in

andescent elec tric l ighting any conduc tor
tha t is connec ted w ith a service conduc tor
a nd leads to the meter in the house .

Wi re
,
I nsul ated —W ire covered

w ith any in su la t ing ma terial .

[Win

Cotton and s ilk are genera lly employed for in
sulating purposes , ei ther a lone, or in connec tion
w i th various gums , resins , or other ma ter ia ls ,
which are rendered plastic by heat

,
but which

sol idify on cool ing. India rubber , caoutchouc,
and various mixtures and compounds are a lso em.

ployed for the same purpose .

For mos t of the pur poses of l ine w ires
,
high in

sula t ing powers , combined w ith a low specific
inductive capac ity , are required in the insula ting
materi a ls .

For overhead w ires a w a terproof covering is
necessary . In the neighborhood of combustible
ma ter ia ls , some fireproof cover ing is des irable .

Wi re, Lead

Wi re, Li ne —In telegraphy the w ire

that connects the different s ta t ions w ith one

another.

—Alead fuse w ire .

In be ll and annuncia tor c ircu its, the term fi ne

w ire is sometimes applied to al l c ircuits other
than the ma in l ine.

In arc-light c ircui ts the term l ine w ire is applied
to the en tire meta llic c ircuit, to which the lamps
are connected in ser ies.

Wi re, M a in

In any system of bel l c ircui ts , the ma i n w ire i s
the W i re which runs from one pole of the ba ttery
to one of the spr ings o f al l the pushes , in d isti nc
tion from the l ine w ires , or the res t of the w ires
in the ba ttery c i r

/

cu it .

Wi re, M essage
—Al ine or w ire em

p loyed in a b lock sys tem for ra i lroad s , ex

tending a long the road and used for loca l
traffic or bus iness . (See Ra i lr oa ds, B lock

Sy stem f or .)

Wi re, Negati ve —A term sometimes

app l ied to that w ire of a para l le l c ircu i t w hich
is connected to the nega tive po le of a s ource .

Wi re, Neutral —T he m idd le w ire of
a three-w ire sys tem of elec tric d is tribut ion .

—T he p rinc ipa l w ire.

—An onmibus bar.Wi re, Omn i bus

(See B a r s , Omn i bus .)
Abus bar or w ire. (See Wi r es , B us .)

Wi re, Para ffi ned —W ire w rapped or

bra ided w ith some text ile ma teria l and a fter
wards coated w ith parafii ne.

T he term parafii ned w ire i s sometimes l imited
to a wrapped w ire tha t i s a fterwards para ffin e
coated.
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Wi re, Wrapped
—W ire tha t is insu

la ted by p lacing s trands of some insula t ing
ma teria l , l ike cotton , paral lel to it s length ,
and then w rapp ing a number of s trands
around the w ire.

T he w rapped w ire i s afterwards ei ther coated
w i th parafli ne or other insulator , or i s used w ith .

out such coating .

Wi res, B us —Aterm somet imes used
for omn ibus bars or w ires .

T he w ires wh ich receive the ful l current

genera ted by the elec tric source , and carry
it to the feeders .

T he bus-w ires collec t the curren t from al l the

sources, hence the name .

Wi res, B reak ing-Weight of —T he
w eight required to be hung a t the end of a

w ire in order to break it .

O rdinary Copper w ire w ill break at about 1 7
tons to the square inch of area of cross sec tion .

Common w rought iron breaks at 25 tons to the

square inch . These figures are to be regarded as
approximate only, s ince a lmost inappreciable
differences in the phys ica l condition of meta ls, as
well a s s light variation s i n their chemica l com
position , Often produce marked differences in
their break ing weights .

Wi res, Cross —(See Cross , Electr i c .)

Wi res, Crossing -Adev ice employed
in telegraph ic c ircuits whereby a faul ty con
ductor is cut out of the circuit of a telegraph
l ine by cross ing over to a neighboring , less

used , l ine.

T o cut out a faul ty section of w ire i n any c ir

cu i t, such as C D ,
in the circu itAB C D E,

Fig .

570, a cross-connection is m i de to a l ine X Y ,

runn ing near it, and which may be temporarily
thrown out Of use . By this means the in terrup
tion of an importan t c ircu it may be repaired .

Fig . 5 7 0. Cr oss i ng Wi res .

Wi res , Dead
tioned electric w ires .

T he term dead is often applied to a w ire
through which no curren t is passing . T he term,

however , i s more properly applied to a w ire
formerly employed , but subsequently abandoned .

—Disused and aban

Dead w ires in the neighborhood of active wires
are a constan t menace to l ife and property , and
should invariably be careful ly removed.

-It is Often a matter of considerable importance
to be able to .determine whether or not a curren t
i s passing through a w ire. When the w ire is not .

enclosed in a moulding, or fastened aga in s t a

wa ll, this can readily be ascerta ined by br inging
a sma l l compass needle near the w ire, when i t .

w il l tend to set i tsel f across the w ire .

The term dead w ire, as w i ll be seen , i s used in .

two distinc t senses .

Wi res , Leadi ng-In ,

—T he w ires or
“

conduc tors w h ich lead the curren t through .

(into and out of) an electric lamp .

T he term leading-in w ires i s genera lly applied
to incandescen t electr ic lamps , Ge issler or

“

Crookes tubes , and to var ious other apparatus .

Wi res, Leading-Up W ires em

ployed for ra is ing an aeria l cab le to the cable ?

hangers .

Wi res, Omn i bus
used for bus w ires .

—Aterm somet imes .

(See Wi r es , B us .)

Wi res or Conductors, Cont inuous
W ires or conductors free from jo in ts .

W ires or conduc tors w ithout soldered or
'

tw is ted joints or w i thou t any joints w ha tso
ever.

W ires , the en tire lengths of wh ich have :

been taken from the h itherto uncut coil of

w ire from the draw p la te.

Strictly Speaking ,
any meta llic c ircui t consists ,

of a continuous w ire , w hether in one piece or in .

severa l section s or pieces . T he preferable term .

would appear to be nojointed w ires or conductors .

Wi res, Phantom A term applied.

to the a dditiona l c ircuits or w ires obta ined in .

a ny s ingle w ire or conduc tor by the use of

some mul tip lex telegraphic sys tem. (See

Teleg r apny , Mu ltzjblex . Teleg r ap/zy , Sy n

c/zr onous-M u l tzjbl ex , D el a ny
’

s Sy stem.)

Wi res , Pi l ot —In a sys tem of incan

descen t l ight ing , w here a compa rat ively low
poten tia l is emp loyed on the ma ins , th in w ires
leading d irectly from the genera ting s ta t ion .

to d ifferen t parts of the ma ins , in order to

determine the d ifferences of potentia l a t such
points .
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Pilot w ires indica te on a voltmeter the differ
ence of poten tia l a t the var ious poin ts . T he pilot
w ires extend to the various sea ts of supply , and
so give instan t w arn ing o f any change in the

va lue of the potentia l .

Wi res, Pressure —In a sys tem of

incandescen t electric l ight ing , w ires or con

ductors , series-connec ted w ith the junct ion
boxes , and emp loyed in connec t ion w ith suit
able voltmeters , to indica te the pressure at

the junc t ion boxes .

T he p ressure w ires are sometimes cal led the

pilot w ires .

Wi res, Tap —T he w ires or conduc

tors used to carry the curren t from the feed
ers or ma ins a t the pole to a near poin t on
the trolley w ire .

Wi r ing .
—Collec t ively the w ires or con

duc ting c ircuits used in any sys tem of electric
d is tribut ion .

Wi r ing .
—Placing or es tab l ishing the w ires

or conduc tors for any electric c ircu it .

Wi r i ng , Case —Plac ing or es tabl ish
ing elec tric conductors or w ires t ha t are held
in p lace on the w a lls or ceil ing of a room, by
means of cont inuous clea ts .

Wi r i ng , Cl eat —'

Plac ing or es tab
l ishing elec tric conduc tors or w ires tha t are
held in p lace on the w a lls or ce il ing of a

room by means of suitab ly shaped insula ting
c lea ts .

Wi r i ng , Ins i de T he conduc tors
tha t , in a sys tem of incandescen t electric
l ighting , lead to the interior of the house or

area to be l ighted .

Wi r ing , M oul d ing —Electric con

ductors or w ires tha t are held in p lace on the

wa l ls or cei ling of a room by means of suit
ab ly s haped mouldings .

Work .
—T he produc t of the force by the

d is tance through w h ich the force ac ts .

Aforce whose intensity is equa l to one pound
acting through the distance of one foot , does an
amoun t of work equa l to one foot-poun d .

Work i s to be distingu ished from the more gen

era l term energy .

[Won

Work , El ectr ic —T he joule. (See

1 gramme-cen timetre
I H

I foot-gra in

1 joule , or 1 vol t-cow ]
lomb , or 1 watt
dur ing every second
or 1 volt-ampere
d u r i n g e v e r y
second

1 volt ampere during
every second

6 t

T he produc t of the volts by the coulombs .

1 joule ergs , or .73732 foo t-pounds .

1 volt-coulomb.

1 watt for 1 second .

Work , El ec tr ic, Un i t of —T he vol t
coulomb orjoule . (See Vol t-Cou lomb. joule.)

Work , Un i t of —T he erg .

T he amoun t of work done w hen a force of

one dyne ac ts through the dis tance of one

cent imetre . (See Erg .)
Raismg one gramme aga ins t gravi ty , through

the distance of one centimetre , requires an

amoun t of work equa l to 980 ergs.

Work , Un i ts of —Various uni ts em

p loyed for the measuremen t of work.

T he follow ing table of Un its of Work is taken
from Her ing

’
s work on Dynamo-Electr ic M a

chines

1 dyne-centimetre .

.O O O O O O I joule .

ergs.

.00001 k i logr .
-metre .

1937 5 ergs .

l 10
,000,000 ergs ,

. 737324 fo o t
pound , . 101937

kilogram metre ,
.0013592 me tr ic
horse-power for

L one second .

00 13406 horse-power
for one second .

00095 5 1 p o u n d
Fah hea t un it .

0005306 p o u n d
Cen t ig. , hea t unit .

0c024o7 k i l o g r .

Cen tig . , hea t unit .
0002778wa tt-hour.

1 3562600 ergs .

joules .

. 1 3825 k i logr . metre.

0018434 m e t r to
horse-power fo r

e second .

00181818 h o r s e

power for one

second .



.0012953 p o u n d
Fah . , hea t un it .

.0007196 _
p o u n d

1 kilogram-metre

1 watt-hour

0 0 0

0 0 0 0

Cen tig . , hea t un it .
.0003264 k i l o g r .

Cen ti g . ,
heat un i t.

.0003767 wa tt-hour .

98100000 ergs .

jou les .

foot-pounds .

.01333 metr ic horse
power for one

second .

.01 3 1 5 1 horse power
for one second .

.009369 pound-Fah . ,

hea tunit.
.005205 p o u n d
Centig . , heat un i t.

.00236 1 k i l o g r .

Cen tig . , hea t un it.
.002725 w a tt ~ hour .

3600 joules .

foot-pounds .

k i l o g r a m.

metres .

pound -Fah .,

hea t un i ts .

p o u n d
Centig .

,
hea t un its ;
k i l o g r

Centig . ,
hea t un its .

0013592 m e t r i c
horse power-hour .

.001 3406 h o r s e .

I metr ic h. p .-hour
power-hour .

2648700 joules .

1952940 foot-pounds .

270000 k i l o g r a m
metres.

25 pound-Fab
hea t un its.

p o u n d
Centig . ,

hea t un its .

k i logr .
-Centig . ,

heat un its .

w a tt-hours .

.98634 horse-power
hou r .

1 horse-power-hour . 2685400 joules.
f o o t

pounds
273740 k i lo g r a m .

metres .

I horse-powerh our .

HEAT .

1 gram

1 pound-Fahr .

U

1 kilograrmCenti g
‘6

Work i ng , Di rect
—T he t ransmis

[Won

pound-Fah . ,

hea t un i ts .

p o u n d
Centig. , hea t un i ts .

k i I O g r .

Centig .

, hea t un its.
w att-hours .

metr ic horse.

power-hour .

001 kilogram-Cen ti

grade .

joules .

772 foot-pounds .

1 kilogram
metres .

.55556 pound-C en ti

grade .

.252oo k i l o g r am
Cen tigrade

.29084 w a tt-hour .

.0003953 m e t r i c
horse power-hour .

0003899 h 0 r s e
power -hour .

joules .

foot-pounds .

192. 1 I6 kilogram
metr es .

p o u n d
Fahrenheit .

.4536 kilogram-Centi

grade .

523 52watt-hours .

.00071 1 5 m e t r i c

horsep ower-hour .

.ooo7018 h o r s e

powen hour .

jou les.

foot-pounds .

k i l o g r am.

metres.
p o u n d

Fahrenheit .
pound-Cen ti

grade.

watt-hour s.
.001 569metric horse
power-hour .

.001 5472 h o r s e

power-hour .
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Yok .]

Yoke, Si ngl e-Pai r —A s ingle
-brush

rocker. (See Rocker , Si ng le-B r ush )
Yoke, Sing l e-Pa i r B rush —Adev ice

for holding a s ing le pair of collec t ing brushes
of a dynamo-electric machine in such a way

Z.
—A symbol sometimes used in elec tro

therapeut ics for contract ion .

T he use o f Z
,
i s for the purpose of avoiding

the letter C , which has a lready been used for cur
ren t or ampere in O hm’

s law . Increasing
s trengths of con traction are represen ted by Z'

,

Z
"

,

Z.
—Asymbol for electro-chemica l equiva

len t .

Zero, Fal se A zero taken midway
between any two equa l and oppos i te deflec

t ions of a measuring ins trument .

Zero, In ferred —Azero deduced or

inferred from the deflect ion produced by a

cha rge tha t is to be mea sured by comparison
w ith the va lue of the deflec tion by means of

a know n c harge in an electrica l measuring

ins t rumen t .
An inferred zero is

“

u sually completely off the

scale
,
hence i ts name . It does not actua lly exis t .

Zero M ethods—(See M et/20d , Nul l or

Zer o.)
Zero Potent ial .—(See Poteflfz

’

a l , Zer o.)
Zero, Sh i ft ing —Azero tha t changes

or shifts in pos it ion a polar zero in a measur

ing ins trumen t .

Zigzag El ectro-M agnet .
—(See M ag net ,

Electr a , Zzgz ag .)

Zigzag El ectromot i ve Force. (See
For ee, Electromot i v e , Zzgz ag .)

Zigzag Lightn i ng—(See Zzg
z ag .)

Zi nc , Amal gamat ion of T he cov

ering or ama lgama tion of z inc w ith a layer
of mercury .

T o ama lga tnate a pla te of zinc , i ts surface i s
fi rs t thoroughl y c leaned by immers ing the pla te in
dil ute sul phuric acid of abou t 1 part of ac id to

tha t they can be read ily moved or rotated on
the commutator cyl inder.

Yoked-Horseshoe El ectro-M agnet .—(See
M ag net , Eleez

‘
ro, Yoé ed

10 or 1 2 parts of water . A few drops of

mercury are then rubbed over i ts surface , thus
coating i t w ith a br ight meta llic fi lm of zinc
amalgam. Care must be taken not to use too

much mercury , s ince the z inc pla te wou ld thus be
rendered bri ttle.

Zinc-Carbon Vol ta i c Cel l .
~—(See Cel l ,

Vol ta i c , Zz
’

ne-Ga raan )

Zi nc-Copper Vol ta ic Cel l . —(See Cel l ,

Vol ta i c , Zz
’

n e-Cot t er .)

Zi nc , Crow-Foot A crow-foot
shaped z inc used in the grav i ty vo l ta ic cel l .

(See Cel l , Volta i c , Gr a v i ty .)
T he term crow -foot refers to the shape of

the c law s . It i s hardly a happy term.

Zi nc-Lead Vol ta ic Cel l .—(See Cel l , Vol
ta z

’

e, Zi ne-Lea d .)
Zinc Sendel ‘ .—(See Sender , Zi ne.)
Zi ncode of Vol ta ic Cel l .—A term for

merly employed to ind icate the z inc termina l
or elec trode of a vol ta ic cel l .

T he nega tive electrode or ka thode a re preter
able terms .

Zone, Anel ectroton ic —A name

sometimes given to the polar zone. (See
Zone, Pol a r .)
Zone, Kathel ectroton ic A name

sometimes g iven to the peripo lar zone . (See

Zone, Per zpola r .)

Zone, Per i pol ar -A term proposed
by De W a ttev i lle for the zone or region sur

rounding the polar zone on the body of

a pa tien t undergoing elec tro-therapeut ic
trea tment.

Zone, Pol ar —A term proposed by
DeWa ttev il le for the zone or reg ion surround
ing the therapeut ic elec trode app l ied to the

human body for elec tric treatmen t .



T HE FIRS T SYS T EM AT IC T REAT ISE O NT HE ELEC TRIC RAILWAY.

IN T H E O R Y E N D P R H C T IO E .

By 0. T . C RO SBY AND DR. LO UIS BELL.

Cover ing the General Pr inc ipl es of Des ign , Cons tr uc tion and Op er a tion.

O CTAVO
, 400 PAGES AND [ jg I LL US

TRAT I ONS
,
PRI CE

,

T AB L E O F C O NT E NT S

Chapter I . General Elec trical T heory . II . Prime
M overs. III. M otors and Car Equipmen t IV. The

Line . V. Track , Car Houses. Snow M achi nes . VI.

T he Sta tion . VII . The Etfi ciency of Elec tric Traction .

VIII. Storage B attery
Traction . IX . M is

cel laneous M ethods of

Electr ic T rac t ion . X .

High Speed Serv ice .

XI . Commerc ial Con
s iderat ions . XII. His

torica l Notes.

0. T . CROSBY.

AP P E N D I C E S

Append i x A. Elec tric Rai lw ay v s . Telephone Decis ions .

B . Ins truc t ions to Linemen . C . Engineer
’

s Log B ook .

D . C lass ifi ca t ion of Ex penditures of Elec tric Street Ra i l
w ays . E. Concern ing Lightn ing Protection ,

by Prof.
E l i hu T homson .

In th is important new book jus t issued w i l l he found
:a ful l discuss ion of the pri nc i ples , apparatus

o

and methods
o f construc t ion employed in electric ra i lroad i ng . As w i l l I n w a s as” ,

be seen from the table of con tents , i t trea ts all departments
o f the subject as comprehensi vely as i s practi cable to a volume o f reasonable s ize . The i l lus
trations have been prepared especial l y for i t, and manv of them are ent irel y new .

T o Elec tri c Ra i lway M anagers , Superintenden ts , Electric ians and O perators . th is volume
i s invaluab le.

w hile no one interes ted in the modern applica t ions of elec tric i t y w i l l wan t to be
Wi thout i t . The necess i ty for such a book has been keen ly fel t .

Copies of The El ectr i c Ra i lway i n Theory and Pract ice, or of any other Elec trical
w ork publ i shed , w i l l bemai led to any address , POSTAGE PREPAID ,

on receipt o f price . Addre ss

THE W. J . J O HNSTO N C O M PANY, Ltd.

T IMES BUIls DING, NEW YO RK.



FIRST AM ERICAN B O O K ON ELECT RIC M O T ORS .

E N D IT S HP P L IG H T IG N S .

By T . C. MART IN and Joe. WETZLER.

With anAppendix on the Development of the Electric Motor since 7888.

By DR. Lorne BELL .

This is the first Ameri can Book on El ectric M otors . and th e on ly one in any language dea ling ex clu v

si vel y and tal l y w i th the modern Elec tric M otor in a l l i ts va rious p rac tica l app l ications .

C O N T E N T S .

PAGE.

Chapter .

i . Elementary Cons idera tions 1 Chap ter ix . The Indus tria l Ap p l ica tion of
Ii . Ea r ly M otors and Experiments Elec tric M o tors in

in Europe . . 8 x . Elec tr ic M otors in M ari ne and
i i i . Ear ly M otors and Ex periments Aeri a l Navig at ion .

i n America 13 x i . Telpherage .

i v . The Elec trica l Transmiss ion of La test American M otors

29 M otor Sy stems

v . The M odern El ec tric Rai lway x ii i . Latest Ameri can M otors and

and Tramwa in Euro
pg:l

48 M otor s stems Con
vi. The M od ern lec tric

’ lway x iv . Latest uropean M otor s and
and St ree t Car Line inAmerica. 61 M otor Sy stems .

Vi i . The use of Storage B a tteries Alterna ting Curren t M otors

w ith Elect ric M otors for Thermo-M agneti c M otors .

Street Ry s . Th e Development of the Elec tric
The Indust ria l App l ica tion of M otor s ince 1888.

Electri c M otors In Europe . . 1 14

3 1 5 P ag es . 3 5 3 I l l u s t r a t i o n s . P r i ce ,

TheW. J. JOHNSTON00 id. lBl-ITO T imes Building, NewYork.
T HE LEADING AM ERICAN B O O K O N DYNAM O S .

Principles , of Dynamo
-Electric Machines,

And Pract ica l D irect ions for Des ign ing and Cons truct ing Dy namos .

Wi l l: an Appendix conta ining severa l a r ticles on a l l z
'

ea
’
subjects a nd a table

of equiva lent: of uni ts of mea sur ement.

By CARL HERING .

C O N T E N T S .

Chapter I . Review of Electrica l Units and Fundamenta l Laws : Chapter IL , F undamental Princ iples of

gy
namos and Motors ; Ch ap te r III , M agnetism and Elect romagnetic Induc tion ; Chap ter IV. , Generati on of

ec tromot ive Force in Dy namos ; Cha ter V Arma tures ; Cha ter VI . , Ca lcu la tion
.

o f Arma tures ; Lhapter
VII. Fi el d Magnet Frames ; Ch apter I . , Field M am et Coils ; hap ter IX .

, Regula ti on .

of M achi nes ; Chap
ter X , Ex ammin M achines ; Appendix 1 , Pract ica l Deductions f rom the Frank li n Inst i tute Tes ts of

D namos ; A pen IL, The So call ed “
Dead W ire on G ramme Armatures ; Ap pendix UL. Exp lora ti ons

0 M agnet ic
‘

elds surround ing Dynamos ; Append ix IV . . Sy stems of Cy linder-Arma ture W indi ngs ; AD nd lx

IV . , Sy stems of Cy linder-Arma ture W indings ; A pendix V . . Equiva lents o f Un i ts of M ea suremen ts (T a le) .

Ameri can elec tric ian s ha ve '

long fel t t he nee of a work of th is nature, wri tte n "1 p la in and aim 19 lan"

guage by a man thoroughly familia r w i th a ll t y pes of generating appara tus . Th e book 13 cop ious Y il lus r

trated, p rinted on an ex tra good qua li ty of paper , and substan tia lly bound .

C l o th , 279 P a g e s . 5 9 I l l u s t ra t i o n s . P r i ce ,

Cop ies of the above, or of any other electrical book or book s pub lished ,
w ill be promp tly ma i led to “DY

address i n th e world , PO STAGE PREPAID , on rece ip t of p ri ce. Address

TheW. J. JOHNSTON00 Ill , T imes Building, NewYork.
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REC O RD O F AN ACT IVE FIELD O F
'

DEVELO PM ENT .

R E C E N T P R O G R E S S

E LE C T R IC RA I LW AY S .

B y C a r l H e
‘

r i n g .

Compiled and Condensed from Curren t Elec trica l L itera ture .

Abou t 400pages and 120I l lustra tions . Cloth , Price

The volume O f elec trica l li tera ture has now as sumed such propor
t ion s tha t i t is impossi b le to kee p abreas t of i t , much less to ma ke such

records or abs trac ts a s wou ld be or use for fu ture reference . To
meet the demand O f those in teres ted in the p rogres s of Elec tr ic Ra i l
wa and who h ave felt the wan t O f a genera l index to recently pub
lish mat ter on this s nb '

ec t . this comp ila t ion h as been p repa red. The
book con ta ins a c las s ifi edsumma ry of the recent literature on t his act ive
a nd p romis in

g
bran ch o f e lec trica l rogres s and descript ions of new

appa ra tus an devices O f inte rest to t e techn ica l reader.

C O N T E N W S .

C h a p t er 1 . H i s t o r i c a l . C h a p t e r 1 1 . Dev e l opm en t a n d
S t a t i s t i c s . C h a p t e r 1 1 1 . C o n s t r u c t i o n a n d O p er a t i o n .

C h a p t e r I V . C o s t o f C o n s t r u c t i o n a n d O p e r a t i o n .

C h a p te r V . O v e r h ead W i r e S u r fa c e R o a d s . C h a p t er
V I . C o n d u i t a n d Su r fa c e C o n d u c t o r R o a d s . C h a p t er
V I I . St o ra g e B a t te r y R o a d s . C h a p te r V I I I . U n d er

g r ou n d T u n n e l R o a d s . C h a p t e r I X . H i g h Sp e ed I n

t e r u rb a n R a i l r o a d s . C h a p t e r X . M i s c e l l a n eo u s Sy s t em s .

C h a t e r x l . G e n e r a t o rs , M otors a nd T ru ck s . C h a p
t e r 1 0 Acc es s o r i es .

CARL HERING .

T ES LA'
S LO NDO N LEC T URE.

EXPERIMENTS WITHALTERNATE CURRENTS

Of High Potential and High Frequency .

By NIx O LA TESLA.

1 56 Pages , w i th Portrai t and 35 Il lus trat ions . Cloth ,

Th is book g ives in full M r . T es la '
s importa nt lec ture before the

LONDO N INSTITUTION or ELECTRI CAL ENGINEERS , whi ch embod ies th e

resul ts of y ears of pa ti ent s tudy and inves t iga tion on M r . T esla ’

s p ar t
of the phenomena of ALTERNATING CURRENTS or ENO RM O USLY H IGH

FREQUENCY AND ELECTROM OT IVE FORCE.

E v ery E l ec t r i c i a n , E l ec t r i c a l E n g i n eer o r St u d e n t o f

E l ec t r i ca l P h en om e n a w h o m a k e s a n y p re ten s i o n s t o

t h o r ou gh a c q u a i n t a n c e w i th recen t p r og r es s i n t h i s

im p o r ta n t fi e l d o f r e s ea r ch W h i ch M r . T e s l a h a s s o

a b l y d ev e l o p ed m u s t r ea d a n d r e r e a d t h i s l ec t u re .

The book is well i llus trated wi th 3 5 cuts of M r . Tes la ’
s experimen ta l

appa ra tus , and con ta ins in addi t ion a b iogra ph ica l sketch , accompan ied
by s tull-page p ortra it , which forms a fi tt ing frontisp iece to a lec tura
which crea ted such w idespread interes t.

Cop ies of th e above or of any other Elec tri ca l Books publ ished ,
w ill be promp tlyma i led to ANY ADDRESS on rece ip t of pri ce . Address

NIEO LATESLA.

Thew. J. JOHNSTONOO l imited. T imes Building, NewYork.
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J O H N S T O N ”

S

D I R E C T O R Y .

Published Annual ly . Price, in Cloth , fiEfi t
‘

iE’)

T H IS B O O K C O NT AINS

A LIST O F CENT RAL ELECT RIC L IGHT AND POW ER STAT IO NS ,

w ith the Number s ! Lights
.

in Use, Electric Power Suppl ied. Capita l Paid in .
Name of Sy stem,

Name
of M anagi ng O fii cxa l , Super intendent , Purchas ingAgent, Electric ian , and other part iculars .

A L IST O F ISO LAT ED ELEC TRIC LIGHT PLANTS ,

w ith Name of Electrician , Purchas ingAgent , Engineer, System and Size of Plant , and other particul ars .

A LIST O F STREET RAILWAY CO M PANIES ,

w ith Length of Road , Number of Cars . Car M iles Run , Capital Paid in , M anag i ng O ffi cial, Superinten
dent , Purchas ingAgent , Sy s tem—Electric , Horse or C ab le—and other part iculars .

A LIS T O F EVERY M ANUFACT URER AND SUPPLY DEALER
connected w ith the Electrical or Street Railway Industry .

Aspecia l effort is made to h av e th i s Directory th e most complete, the

most rel iable and th e most valuable of any w ork of th e k ind is sued . It s

p ag es a re ful l of int eres t not on ly to ev ery dealer in Elect r ica l and St reet

Ra i lw ay Appa ra tus , M ach inery and Suppl ies , and ev ery manufacturer

wh o w ish es t o reach those eng ag ed in th is large, important and growing
indus t ry ,but t o the purchasers of Elect r ica l Appara tus and Suppl ies and

t o a l l in any w ay in terested in th e p rog res s and dev e lopment of either the

E lect r ica l or the St reet Ra i lway bus iness .

Cop ies of Johnston
’
s Electrical and Street Rai lway Directory , or

of any oth er Elect r ica l or Street Ra i lw ay book s , w i l l be ma iled to any

addres s in the w or l d , pos tag e p repa id , on receipt of the pr ice . Add ress

T HE W . J . JO HNST O N C O M PANY ,
Ltd .

,

1 6 7-I7 6 T ime s B u i ld ing ,
NEW YO RK.



AUT HO RIZED AM ERICAN EDIT IO N.

T H E E L E C T R O M A G N E T
By PROF. SILVANUS P. THO M PSON, D .SO . ,

B .A. ,

Aful l th eoret i cal and p ract ical accoun t of the p roper t i es and pecul i ari t i es o f elect romagnets : together w i th
comp lete Instruct ions for des ign ing mag net s to se rve any spec ifi c purpose . Publ ished w i th t he
express consen t and careful revis ion of the author.

C l o t h , 280 P a g es . 7 5 I l l u s t ra t i o n s . P r i ce
C O N T e N T S

LECTURE I .
—In troductory His torica l Sketch ; General ities Conce rn

ing Ele ctromagnets Typ ica l Forms Po la ri ty ; Uses in Genera l The

p rope rties of Iron Me thods of Mea suring Permeabil ity ; Traction Meth
od s ; Curves of Mag netisa t ion and Permeabili ty ; The Law of the Elec
tromag ne t ; Hysteres is ; Fa l lac ies and Facts a bout Electroma gne ts .

LECT URE 1 1 .

—G enera l Princ ip les of Des ign and Cons tru ct ion ; Prin
cip le of t h e M a etic C ircui t.
LECT URE 1 —Sp ec ial Des ign s ; W inding of the Copper ; W indings

for Con stant Press ure and for Con s tan t Cu rren t ; M iscel laneous Ru les
about W inding ; Spec xfi ca t ions for Electromagnets ; Ama teur Ru les
a bou t Re s is tance of Elec troma. et and B a ttery ; Forms of Elec tromag
nets ; Effect of Siz e of 00118; E ec t o f Pos ition of Co ils ; Effect of Sha pe
of Section ; EtI ec t of Distance between Poles ; Resea rches of Prof.
Hughes ; Pos ition and Form of Arma ture Pole-Pieces on Horseshoe
Magnets ; Con tras t between Electromagnets and Permanent Magnets ;
Electromag nets for M a x tmum Traction ; Electromagnets for Max i
mum Range of Attra ction ; Electromagnets of M in imum Weight ; A
useful Gu iding Pri ncip le ; Electromagnets for Use w ith Alterna ting
Curren ts ; Electromagnets for Quickes t Action ; Connectin Co ils for
Q uickes t Action ; Ba tte ry Group ing for Qui ckes t Action ; S ort Cores
w . Long Cores .

PRO F . SILVANUS p . THO M PSON.

LECTURE IV.
—Electromagnetism and Electromagnetic Mechan ism.

THE ONLY B OOK TREAT ING or THIS SUB JECT EXCLUSIVELY.

'I ‘ I—I E Q U A D R U P L E X .

By WM . M AVER , J r.

, and M INOR M . DAV IS.

W i th C h a p t er s o n T h e I ) n am o-E l e ct r i c M a ch i n e i n R e l a t i o n t o t h e Q u a d r u p l ex .

T h e P r a c t i ca l W o r i n g o f t h e Q u a d ru p l ex . T e l e

gl
r a p h R ep ea t er s a n d

t h e W h ea t s t o n e Au t om a t i c T e l eg ra p h . B y W M AVER , J r .

C O N T E N T S

Developmen t of the Quadrup lex.
Introduction and Exp lana tory . to the
The Transm it ter, Rheos ta t and the Condenser .
Stea rns Dup lex .

Ins trumen ts of the Pola r Dup lex .

T h e Po la r Dup lex .

Th is book is wr itten in p la in . s imp le and exp l ici t la nguag e, and i s w ithin th e rea dy comp rehens ion of a ll .

The i l lustra tions a re num erous . and w ith their a id the readers can a t once g ras p . men ta l ly , the o cra tion of
the Quadrup lex . Th e book i s handsomely p rin ted on fi ne paper and subs tantia l ly bound. Every eleg rapher

and every Electric ian shou ld have a copy .

C l o t h , 1 26 P a g e s . 6 3 I l l u s t r a t i o n s . P r i c e ,
T H E T E L EPH O NE M AN’S T E X T B O O K .

PRACTICAL INFORMATION FOR TELEPHONISTS.

B y T . D . LOCKWOOD ,
Electr ician ,

Amer ican B ell T elephone Company .

C O N T E N T S .

His torica l Sketc h of Electricity from 600 B . C . to 1882. A. D .

Facts and Fi ures about the Sp ea ki ng Telephone .

How to Bui l a Short Telegraph or Telephone Line.

The Earth and Its Rela tion to Telephon i c Sys tems of Commun ica tion .

The M etO T elephone—Wh a t it i s , How i t i s Made , and How it Shoulde Handled .

The B la ke Transmitter.
Dis turbances Exp erienced on Telephone Lines .

Th e Telephone Swi tch-Board .

A Chronolog ica l Sketc h of the Magneto-B el l , and How to B ecome
Acqua in ted w ith it.

Telephone Tran sm itter Ba tteri es .

Lightn ing—Its Action u pon Telephone Ap ra tus —HOW to Preven t
or Red uce Troubles Ar is ing There rom.

The Telephone Inspector.The Te lephone Inspector—H i s Dai lyWork .

The Ins otor on Detective Duty .

The Da i y Routine of t he Telephone Insp ector
Indiv idua l Ca l ls for Tele hone Lines .

Telephone W ires versus lectric LightW ires .

Electric B el l Con s truction , Pa rt I .
Electr ic B e l l Cons truction , Pa rt II .
Houseto Lines . Pole Lines and Aeria l Cables . T . D. LO CKWO O D .

An ticipa ions of Grea t Di scoveries and Inventions .

1 2m o . 1 92 P ag e s ; C l o t h . P r i c e ,
CO p ies of the above books , or of any other e lectrica l book or books publ ished , wil l be promp tly ma iledto any address in the world, pos tag e p r epa id , on receip t of p rice. Address
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Sp e c i a l T r ea t i s es .

( a .) E lectr i c L z
'

g lzt i ng .

Al g l av e ar B ou l a rd ’s Electric Light : Its His tory, Production and
At k i n s o n ’s Elements of Electric Lighting .

D a y’s Electric Light Ar ithmetic
D e sm o n d ’s Electricity for Eng ineers
D r ed g e’s Electric I llum ina tion. Vol . 1 . 815 Vol .

G o rd o n ’s Decorative Electricity
H o u s t o n

'
8 Dictiona ry of Electr ica lWord s , Termsand Phrases , second ed i tion , entirely re-wri t

ten , conta ining about 5 ,000dis tinct titles , 5 70i llus tra tions and 562doub le column pages . 8vo.

L a t i m e r ’s Incandescen t Elec tric Lighting
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M e r r i l l ’s Electric Lighting Spec ifi ca tions , for the use of Engineers andArchitec ts
R u s s e l l ’s Electric Light Cab les
U rq u h a r t ’s Electric Light Its Production and use .

U rq u h a rt ’s Elec tr ic Light

(b .) T/ze E l ectr ic Afotor .

B a d t’s Electric Transmiss ion Hand-book. .

B o t t o n e ’s El ectro-motors ; How Made and How Used
C r o s b y dc B e l l ’s Electric Ra i lway in Theory and Practice
H er i n g ’s Recen t Progress in Electric Ra ilways
H ou s t o n ’s D ictionary of Electric Words . Terms and Phras es , s econd ed ition , entirely re-written ,
conta in ing abou t d istinct titles. 570il lustra tions and 562doub le column pages .

K a p p ’s Electric Transm iss ion of Energy
M a r t i n 61; W et z l er’s Electric Motor and Its App l ica tions w ith anAppend ix by Dr. Louis B ell.
U rq u h a rt

’s Electro

(c .) Teleg r ap/zy .

Ab er n c th y ’s Commerc ia l and Ra ilway Teleg raphy
H o u s t on ’s Dictiona ry ofElectrica lWords , Terms and Phra ses, second ed ition , entirely re wri tte n ,
conta in ing about 5 ,000d is tinct titles , 5 ’"O il lustra tions and 562doub le column pages . 8vo .

L o ckw o o d ’s Electric ity, Magnetism, and Electric Telegraphy
M a v er dc D a v i s ’ Quadrup lex , w ith Chap ters on Telegraph Rep ea ters and the Wh eatstone

P op e
’s Modern Practice of the Electric Telegraph

P r eece &Si v e rw r i g h t $s T e leg raphy

P r esc o t t ’s Electricity and the Electric Telegraph . Two vols .

P l um ’s Mil ita ry Telegraph Dur ing O ur CivilWar. Two vols .

R e i d ’s T elegraph in Amer ica

(d .) Tlze Tel f/ hone.

D u M on ce l ’s Telephone, The Microphone and the Phonograph
H o u s t o n ’s D ictionary of Electrica l Words , Terms and Phrases , second ed ition , en tirely re-written
conta in ing about d istinct titles , 5 70i l lus trations and 5 62doub le column pages . 8vo .

L o ck w o o d ’s Practica l Informa tion for Telephon ists .

P o o l e ’s Pract ica l T elephone Hand
P r e e c e ac M a i er’s Telephone .

P r e sc o t t ’s Bel l
‘

s Electri c Speaking

E l ect r a-M eta l l a rg
'

y

B o n n ey’s Electro—p la te rs’Hand-book .

G o r e’s Art of Electrolytic Separation of Metal s , etc
G or e’s Theory and Practice of Electro depos ition
H ou s t o n ’s Dictiona ry ofElectrica lWords , Terms a nd Phras es , s econd ed ition , entirely re writ

te
n ,

conta in ing abou t 5 ,000d is tinct titles , 5 70illus tra tions and 5 62double column p ages . 8vo . .

U rq u h a rt ’s Electrotyp ing
W a h l ’s Gal vanoplastie M ani pulation

W a t t’s Electro-depos ition

C a rh a r t ’s Primary B atteries .

G l a d s t on e ar. T r i b e’s Chemis try of Seconda ry B a tteries of Plante and Faure ”

H o u s t on ’s Dictiona ry ofEl ectrica lWords ,Terms and Phrases , second edi tion , en ti rely re-e tten ,
conta in ing abou t dis tinct titl es , 5 70i llustra tions and 562doub le column pages . 8vo .

Ni a u d e t ’s Elemen tary Trea tis e on Electric



Nl b l e t v s Secondary Ba tteries

R e y n i e r’s Volta ic Accumula tor
Sa l om o n s ’Electric Light Ins tal la t ion and the Managemen t of Accumula tors ”

(g T/ze Dy na mo.

o u t . 0 0 0

B a d"! Dy namo Tenders ’Hand book
B o t t o n e’s Dynamo . How Made and How Used ”

C r o f t ’s How to M ake a
l l e r i n g ’s Pri ncfip les O f DYnamo Elec tric M achines

T h om p s o n ’s Dynamo Electric Machi nery . New . Fourth edition . Revmed. l ie-written .

W a l k e r’s Prac t ica l Dy namo Buil ding forAmateurs

( IL ) Al ter na t i ng Cu r r en ts .

B l a k e s l e y ’s Papers on Al terna ting Currents of Electricity. Reprinti ng .

D e sm o n d ’s Electricity for Eng ineers
F l em i n g ’s Alterna te Current Trans former in Theory and Practice
H o u s t o n ’s Dictionary of Electrica l Words , Terms and Ph rases , sw ond edi tion , en ti rely re

written , conta ining abou t d is tinct titles , 5 70 ill us tra tions and 562 double-column pages.

(C . ) ELECTRICAL TEST ING AND M EASUREM ENT.

Ay r t o n ’s Practica l El ectricity
G ra y ’s Abso lu te Meas uremen t in Electric ity and Mag netism .

H er i ng ’s Tab le of Equi va lents of Un its of Measurement .
H o u s t on ’s Dictiona ry ofElectrica lWords , Terms a nd Phrases , second ed ition, en ti re ly re wri tten,
conta in ing abou t di s tinct titles , 5 70i ll us trations and 562double-co lumn pages . 8vo .

K em p e’s Hand-book of Electrica l Testing
L o ckw o o d ’s Electrica l Meas urement and the Galvanomete r .

Sw i n b u r n e’s Practica l Electrica l Measurement .
W eb b ’s Testing of Insula ted Wires a nd Cab les .

M ISCELLANEOUS.

Al l s o p ’s Practica l Electric Bell Fitting
At k i n s o n ’s Elemen ts O f Static Electricity .

G ra y’s Electrica l Influence Machines
H o u s t o n ’s D ictiona ry of Electrica l Words , Terms and Phrases , second edi tion , en ti rel y re

written
,
con ta in ing abou t d is tin ct titles , 570il lus tra tions and 562double column pag es . 8vo.

H e r i n g’s Un iversa lW iring Computer
T es l a ’s Ex p eriments w ithAl terna te Currents of High Potentia l and High Frequency

(E. ) B OOKS FOR THE NONTECHNICAL READER.

B enjam i n ’s Age of Electr icity
G u i l l em i n ’s Electricity a nd Magnetism
H o s p i ta l i e r’s ModernApp l ica tions of Electrici ty. Two vols
H ou s t o n ’s D ictiona ry of Electrica l Words , Terms and Phrases , second edition , entirely re

written
,
con ta ini ng abou t dis ti nct titles, 5 70i l lus tra tions and 562double column pag es . 8vo.

R e i d ’s Teleg raph inAmerica
W o rm e l l ’s Electricity in the Service of M an

tr . ) HISTORICAL WORKS.

Al g l a v e dc B o u l a rd ’s Elec tric Light
D red g e’s Elec tric Illumina tion . Vol . I , vol . II
F a h i e ’s H is tory of Telegraphy to 1837 .

M a r t i n dc W et z l er’s El ectric Motor and Its App l ica tions
P o p e’s Evolution of the Electric Incandes cent Lamp .

P res c o t t ’s Telephone
R e i d ’s Teleg raph inAmerica
T h om p s o n

’s Dyn amo Electric Machinery. New . Fourth edition . Revis ed . rte-written
T h om p s o n ’s Phil ipp Reis , Inventor of the Telephone
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