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AUTHOR'S NOTE 
I t is an error of staten1cnt to characterize the whole ar1ny of ·vvireless 

experimentcrs in the Unitcd Statcs as meJ'e "amatcurs." Hundreds of 
men, young and old, who bave been classed as wireless amateurs are in 
fa.et physicists of the highest calibre. They find experimentation in 
radio not, only an instructive mode of recreat.ion, but many of them 
engage in thc work wi.th serious intentions hoping thereby to contrìbute 
their 1nite to,vards the generai progress of the art. That many have 
made good in that rcspect is a matt.er of. historical record. 

The amateur ,virclcss cxperi1nenter is no longer considered a mcnace. 
His status is no\v scttlcd. He proved bis ·worth in the recent European 
confiict as Govcrnmcnt officials have publicly ackno·wledged. Thc 
amateur radio expcrt today ìs recognized as a safegua.rd agaìnst possiblc 
futtue emergencics. Hc has thc hacking of America's foren1ost scientists, 
thc good \vili of tbc Army and Navy, and the commercìal co1npany sccs 
in hirn a potential engineer or expert operator. 

'Virelcss Tclcgraphy is an all-embracing art. lt covers in some 
dcgrce the ficlds of the chen1ical, inechanical 1 and electrical sciences. 
No young inan can engagc seriously in \Virclcss cxpcrimenting \Vithout 
becoming a keener and more intelligcnt individuai of greatcr valuc to the 
comn1unity. The amazing gro\vth of thc a.mateur fraternity during the past 
decade is one of thc outstanding dcvclop1ncnts of thc twenticth century. 

In the following pagcs thc aut.hor has cndeavored to acquaint the 
beginner with recent and past practiccs, laying particular stress on latter 
day developments. It is hopcd · that thc brief treat.mcnt of the ele­
rncntary theory of ·wireless transmit.ting and receiving apparatus will be 
n1editorial to n1ore intensive stucly of the basic principles . Although 
nuiny suggestive designs of radio transmitters and receivers are presented 
the reader should ·recognize the possible latitude of variation from the 
fundamental idea, and use bis own initiative in altering the mechanical 
details or even in devising new methods to accord ·with the materiai hc 
has at hand. 

The author has attempted to point out the particular types of ap­
paratus and circuits inost suited to the a1nateur station. The vacuum 
tube transn1itter and receivers bave been gìven more tha'n the usual 
attention. Rcprcscntativc circuits for long distance reception are shown 
and for thc first tin1c data on closed loop aerials for indoor reception is 
discloscd. Simplc but important radio measurements, such as the 
amateur may carry out \Vith a '\Vave-meter and associated appai~atus, 
have been explained. It is hoped that the amateur will investigate the 
directìon finder and make use of it for both long and short distance 
communication. 

Another field for intensive cxpcriment is the application of rcccntly 
developed static elhninators to amateur communications. Hcrc, so far 
as thc amatcur is conccrned, is an untouchcd sphcre. · 

.Fora more comprchensivo trcatmcnt of the nlathematical theory of 
-radio design rnany tcxt-books are avaìlablc \Vhich thc reader should 
consult from tin1e to .time. If the experin1entcr by perusing this volume, 
gains a bctter understanding of the equip1ncnt hc has at band, or is 
enabled to construct apparatus that, hcrctoforc, he did not understand, 
the book will havc fulfillcd thc author's desirc. 

E .. E. B. 
New York City, Z..1ay 1919. 
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• CHAPTER _· I 

ADVICE TO THE AMATEUR 

It .' is generally concedèd that a.-niateur v:rfreless telegraphy · had its 
beginning in the United States. In fact "the pursuit of the hobby has 

-heco1ne so widespread that there is hardly a village or hamlet in 'vhich 
there is not at least one trailing antenna to show the popularity of thc 
art. In all placcs where amateur ·wireless telegraphy has made a niche 
f or · itself the ad vantages of f orming a radio club are sooner or later 
recognized and then arises the question, ''How shall we go about it?" 

A 1·adio club should be educational, instructive, and productive of 
advancement in 'virclcss, for it is quite possiblc that some of its members 
will, in tin1e, dcvelop into radio engineers or become connected ·wi th 
allied branches of the art. In any event the members of radio clubs 
'vill never regret the training they will receive by joining ·wireless organ­
izations. 

It was not found feasible in preparing this book to trea.t separatcly 
the technical requirements of the organization and individuai members; 
conscqucntly the following pages will be devoted largcly to instructions 
far the a.mateur at his home station as wcll as for thc club. The forma­
tion of a radio club generally follows tbe rise and stimulation of individua} 
intcrcst. l\.1oreover the knov.rledge gained at home is bound to benefit 
the men1bers of the club organization as a whole. 

Thus, we 'vill first offer advice for prospective wireless club n1embers 
and describe the procedure for thc formation of an organization, then 
give a detailed account of a series of experiments with radio transmitt.ing 
and receiving apparatus. 

PRELIMINARY EDUCATION.-It should be kept in mind that an 
interchange of signals bctween t'vo a.mateur stations will not be allovrcd 
unless t.he o-wners possess Unitcd States operat.ors' license certificates and 
station lìcense certificates. It is obvious that the prospective amateur is 
not qualificd to takc the examination for an operator's license without 
preliminary code and technieal training. 

1 

• 
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FJG. 1. 8tndents of the ".Marconi Institute acquirìng fam.ilìarìt.y with measurel'p.ents of wave lengthij and frequcney. 

• 

1.,hc appara tus of the ama teur w ho cannot interpret the signals of 
the international continental telegra1Jh code becomes to its o'vncr a useless 
toy and attempts at communication with bis friends~evcn if allowed~ 
v.rill result in hopeless bungling. He should, thcrcfore, begin Ìlnmedi­
a tcly the pra.ctice of the telegraph code. This he ca.nnot do alone. H e 
rcquiies assistance from a.n a1nateur friend '\vho has already passed this 
st.a.ge of development and ·who '\ivill send to him fro1n a practìce buzzcr 
for hours at a thne. . 

I t is difficul t to recognize the characters of the code w hen sent by 
another and it is a proccss '"~hich requires considcrable practice. \Vhile 
it is necessary for the beginner to attain a ccrtain degrE:e of proficìency 
in this respcct, it is not essential that he wa.it until becoming a high 
speed telcgraphcr before entering the amateurs' ranks. In fact \vhen he 
attains a rcceiving speed of fifteen words a minute he is quite eligible to 
engage in ·wireless transn1ission and reception .. 

PRòFICIENCY IN THE TELEGRAPH CODES.-The la:ws of the 
Unitcd Sta.tes require tha.t arnat.eurs, before acquiring an operator'slicense 
certifica te, shall be able to transmit and recei ve in the international t-ele­
gra ph code at the rate of ten words per minute. Irrespective of this 
legislation it would be of little benefit for the owner to possess a radio 
set \vithout the ability to operate it and he would, at the same time, be a 
n1enace to the p1·ofession as a whole. · 

The interrupted currents of an electric buzzer, adjusted to a high pitch, 
givet in the head telephone, a very faithful reproduction of \vireless sig­
nals. In fact any device that will impulse a telephone receiver from 
500 to 1000 times per sccond is serviceable for code practice~ . . 
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Fia. 2. The tabora tory of the up--to-date amateur represe1)t.s a. maze of intrfoacies to the be~cr but it is ever 
a. source Qf plcasuro to its QWner. The statiot1 bere shown bas perfon.ned not.a.ble long ùistance rcceiving 
work. 

8 ~ 
I t 

I t K' 

--

K 

• Fio. 3. Buzzer circuita for the production of artificial radio signals . ' Vith th is appo.ro.tus tbc beginncr 
acqwres proficieney in the teJe~ra:ph c<><.fos, · 
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Fig. 3 shows a buzzcr, hcad tclcphone and key connected up f or 
code practice; :Fig. 4. another system for practice by several club members 
simultaneously which dìffers fro1n Fig. 3 in that a tnotor is e1nploycd to 
generate the telephone signal; and Fig. 5 represcnts a more elaborate 
pian where t'wo tables, one for the instructor, and thc other for the pupils, 
are connect.ed to a buzzer.. The complete ,viring is shown. 

In Fig .. 3 a line for the head telephones is shunted across the buzzer 
contact.s lvith a 2 microfarad condenser J(' éonnectcd in scries. The 
latter can be purchased from any tclcphone supply house.. The buzzer 
Bis energizcd by the one or t\vo dry cclls. The pupil7s key (not sho·wn) 
is shunted across thc n1ain kcy J(, so that the receiving operator can 
interrupt or con1municate 'vith the instructor. 

To imitate the note of a 500 cycle trans1nitter the buzzer should be 
adjustcd t.o interrupt the current, say, 1000 tin1es per second. ~ny buzzer 
niay be adjusted to e1nit a high pitched note if the elastic spring cont.act 
on the al'lnature is fastcned directly to the iron. The buzzer itself will 
not. make much noise, but a vcry clear and, pcrhaps, loud tono will be 
obtaincd in the telephones. Some buzzcrs a.re notoriously errat.ic in 
opcra.tion and most difficult to. kccp in continuous adjust.ment but there 
are scvcral continuously operative typcs, sold by electrical supply houses, 
·which are very dependable. 

P·J P·Z p .• . 
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F1c. 4. Code practke eircuit cmployitig a i;rnalt motor to gct1~ra.tc signsl eurrents. The head tefophonc!I 
wit-h "' 1 or 2 mfd. conden~r in ~eriçs are ahunted acro8s the h!"llshci;i of tbe motQr. 

.· 
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Fig. ·1 sho,:vs the preferred systern for code practice. Tho tclephones 
P-1, P-2

1 
P-3 are connectcd across the con11nutator of a d.c. rnotor and, 

as usual, a condenser C of about 2 microf arads is connectcd in seri es. 
rfhe voltagc f!uctuations across the brushes produce notes in the tele­
phones that equal tho best buzzers, 'vith the propcr typc of motor. 
Some inotors rotate at such spccds that the voltage fluctuatìons pro­
cluccd hy thc comrnutator are a.bave the pract.ical lirnits of audibilit.y for 
the ordinary t.clephone. \Vith such types a scries rheostat should be 
pluccd in the line to reduce the spced and, conscquently, the frequcncy 
of the telephone current. 

1\.-Iany types of rr1otors are suitable for generating artificial radio sig­
nals, particularly srr1al.l fa.n inotors. !vf otors fittcd \vith rocker a.rrns are 
cspccially dcsirable as the pitch aq.d the volu1nc of the tone may thus be 
casily regulated. The voltage or the power of thc inotor is imma.terial. 
l~. %2 h.p. motor ,vili cncrgize a dozen or more hcad tclcphones. 

1"'he diagram in Fig. 4 sho,vs scveral separate code practice circuits 
connccted in parallel. They are intcnded for classes of diffcrcnt speeds. 
Such an arrangement is cssential for a mixed class and a circuit of this 
type ought to be installcd in the radio club headquartcrs for use of the 
n1cmbers. 

I•'10. 5. Wirìng diagram of a code practioo tablo fot clus~ iaMtruction. Call }etters of well known stations 
are aesigne<I to cach position. 

Fig. 5 requires no detailcd explanation as it is an extension of Fig. 3. 
Thc reader should note the position of the shunt variable rheostat R 
which may bave a maximum rcsistance of 100 or 200 ohrns. It is uscd 
to regulatc the strength of signals. Radio students should be taught to 
read \'veak signals as not all ·wireless telegraph transrnission is conductcd 
by strong signals. Representative call letters bave been assigned to 
the various student positions in Fig. 5 in order to imitate conditions as 
tbey exist in actual servi ce. 

Nurnerous other dcvices and circuits for code practice have been 
suggested or developcd. For exa1nple the tclcphones, ,vith a condenser 
of one or tv.ro inicrofa1·ads capacitance connected in series, may be con­
nectcd to the terminals of a 110-volt d.c. city supply rnains. The fluctua-
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tions of the line voltage are usually of sufficient intensity and of the 
p1•oper order of frequency to give a note of fair pitch in the telephones. 
A telegraph kcy is connected in series 'vith the telephones for signalling . 

~ - -_.-_..,. --=-=-- -~ 

e 

- · ~ - -·-=-- -=--

•10 V 
O(. 

.... ., .. V 

-M--~1 

Fxo. 6. A smull high froquency generator for the production of a.rtificia1 .radio signa]s. 

A small high frequency generator, such as is sho\vn in Fig. 6, has bcen 
employed. A deta.iled explanation is not essential. 1"\he Io,vcr 1nagnet 
M is fcd with d.c. fro1n the city n1ains and the revolving iron spider 
closcs thc magnetic circuit through magnet .ì\1-1, periodically. The 
motor should rotate 3600 r.p.1n. to obtain a note of high pitch. 

Ordinary telegraph keys are employed in all thc foregoing code prac­
tice circuìts. 

TIMELY ADVICE.- The beginner should not attempt the n1ore 
elaborate ficlds of ,vireless· experimentation until be is skilled in the 
simple mothods. Once proficient in thc code, be should purchase or 
construct a receiving equipment of elcmcntary design. Since a license is 
not required for a receiving station the receiving aerial n1ay be \vithin 
reasonable lìmi t of any dimcnsions desired. Here aga.in, the experimenter 
must be guìded by a scnse of the fitness of things. He requires an ele­
mentary knowlcdge of wireless technique. 

The bcginner should acquire an .understanding of the ele1nents of 
electricity and magnetism if he wishes to operate his instruments to 
good effect. In studying the principles of electricity the author recon1-
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mends that the beginncr immediately learn the difference between alte1·nat­
ing current and direct current. Ile should familiarize hi1nself with the 
general conditions under which such currents are handled, pa.rticularly 
such knowlcdgc as will enable hùn to judge when a circuit is overloaded and 
\vhat sizc fuse should be installed to carry a. g·iven atnount of current. 
The prospective amateur should learn the current-carrying capacity of 
various sizes of \Vire, thereby inaking sure that the power circuits at his 
station will not become overheated. 

He should then make a thorough study of the under\vriters' rules 
concerning the installation of power circ.uits, 'vit.h particular attention 
to the rules for the ercction of ·wireless telegraph apparatus. !The under­
writcrs' ·rules vary in different cities and a copy of them can easily be 
obtained for refercncc. 

Sumn1ing up thc foregoing it "''ill be seen that. the experimcnter has 
prepared himself in t·wo respects for arnateur ,vireless work: 

(1) Ile is able to telegraph at a fair speed and is therefore qualified 
t.o interpret wireless signal~. 

(2) He undcrstands the ele1nentary principles of electricity and also 
the funpa1nentals of radio teleCYraphy. 

Ile is now fully qualified to e1nbark on his initia1 radio cxpcriments 
and should begin 'vith a sùn7Jle receiving equip1nent. The author reco1n--
1nends to the ne"w--co1ner the simple tv..-o-slide tuner, conncctcd as shown 
in Ji'ig. 7. 

A BEGINNER'S RECEIVING SET.- The set in Fig. 7 co1nprises 
a single two-·wire aerial, a two-slide tuning coil A B, having t.he sliding 
contacts S-1 and S-2, a silicon or galena detector D, a small fixed con­
denscr C, (0.001 n1fd.) and a high resistance tclcphone P. Telephones 
of less than 1000 ohrns resistance· are not rccoinmended for use '\vith 
crystallinc detectors. The tuning coil A B should be 8" in length, 3" in 
diameter' \Vound closely \Vith a single laycr of No. 26 s .s .e. ·wire. rrhe vvire 
may be bared for contact with tbc slidcr by mcans of a sharp pointcd knife. 

The condenscr e tnay be constructcd of 12 shcets of tin foil 3" X 4 ", 
scparatcd by paraffincd papcr, 6 shects being connected in parallel on 
each side. "\Vhen properly stacked up the sheets inay be con1pressed 
tightly between two boards, connections being brought fron1 the opposing 
plates to appropriate binding posts. 

The aerial or antenna shown in this figure, for the reception of 200 
meter signals, may consist of two or four wires but it should be no more 
than 100' in Iength. 

To place this apparatus in resonance ·with a radio transmitting sta ... 
tion, set slidcr S-2 at the n1iddle of the coil A B. Take the sharp­
pointed contact on the crystal D and touch lightly the crystal. Move 
contact S-1 along t.he coil until signals are heard. Aftcr response is 
obtained f rom some station in ove both sliders for louder signals and then 
try a new point on the crystal to see if still louder signals can be obtained. 

Do not blame the apparatus if signals are not heard at once. There 
may be no stations within range in the act of sending. And above ali do 
not forget the importanc·e of a good earth connection. Attach the carth 
vdre to the water pipes on the sti-eet side of the ·water meter. l\1ake a 
good solicl connection ~nd examine it from ti1ne to tiine t.o see that it is 
not foulcd. 
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With a receiving set of this type the studcnt has a.n opportunity of 
becorning a kecn observcr of the manner in \vhich co1nmercial and ama.tour 
wireless tclegraph traffic is handled a.nd hc obtains thus an cxccllent 
preliminary cducation. 

It is difficult to conjecture the receiving range of an a1nateur's set 
'vithout co1nplete data in rcgard to the type of transrnitting and recciv­

. ing apparatus in use and thc local conditions surrounding both thc 
sending and the receiving station. . 

rrhere are liin"its to the length of an antenna. for use over a given 
range of \.Yave lengths. I t is preferable jn all cases f or thc rccciving 
aeri-alto have a funda1nental wave length below that of thc transrnitting 
a.erial of the distant station in order that a sufficìent amount of inductance 
may be inscrted at the base for coupling to the detector circuit. 

Radio range is dependent upon scvcral variablc factors such a.s the 
antenna currcnt at the transmitter, the da1nping dcerc1ncnt, local ob­
structions, absorption ,· diclectric l~sses, the type of receiving apparat'us 3 et.e. 

An acrial comprising frotn t'\vo to four wires, 60' in height by 70' in 
length, v;rith t.he wircs spaced 2' apart, '\Vill havc a natural \Vave length 
of about 160 meters, which is of the correct dirncnsions to bo loaded by 
thc inscrtion of the tuning coil (shO'wn in Fig. 7) to a ·wave lcngth o:f 
200 inetcrs. This aerial can be ernployed far the reception of longcr 
\Yaves say, up to 10,000 inet.ers; with thc vacuu1n tube detector circuits 
to be d escribcd in another cha pter. 

e 
B 

-
Fio , 7, A .eimprc recch-ing aet for the beginn~t. This is suit.ab!e far reception from nenrby transmittcr.s 

&ud proYides exceUent oode practice Ior tbc bei;im1er. All a.ppa.r&.tU$ U{?ept thc bead tetepho-ne~ ina~· 
be con1trueted by the e:ii:perimenter. 

o 
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Howevet it should be borne in mind that an aeria.l having a natural 
wave length of 600 meters is altogether too long f or the reception of signal 
froin arr1atcur stations working on 200- 'm.eters. \Vhile the wave length of 
such an aerial system cap be red uccd by a seri es condenser to ncarly 
onc·half ìts origina} value, it never can be cut down to a period of 200 
mctcrs. 

Having progressed so fa.r in his wireless education, the student 
should devote himself diljgently to the use of the recciving apparatus, 
a.nd farniliarize himsclf '\vith the Jnethods of communication employed 
by arnateurs and commercial stations. He will find that inany a.n1ateurs 
are accustomcd to n1ake use of abbreviated ,:\i·ords of the Phillips code and 
he should lcarn some of those co1nmonly uscd in practìce. 

OSCILLATION DETECTORS.- It is safe to say that thc amateur 
experimenter ,\'·ill cmploy one of four oscillation detcctors, viz: the 
carborundum, galena, or silicon rectiflets, or thc three-electrode vacuu1n tube. 

Galena a.nd sili con erystals, v{hile f airly sensi ti ve, are difficult to 
adrcrst and to maintain in a sensitive condition. , Carborundum crystals 
are nearly as sensitive and tend to hold an adjustment over long pcriods. 
'f he.se crystals are in f act extreinely rugged and they are pref erred a bo ve 
all other contact rect.ificrs for use in stations where a nearby transmitter 
is apt to destroy the·ir scnsitivencss. The vacuu1n tube detectors are 
cxtrcmcly sensitive, they possess marked stabilìty and will amplify 
incoming radio signals enormously. 

Thcre is no reason f or the beginner who has only been ab le to cover 
fro1n fiftecn to forty miles with his receiving apparatus to feel discouragcd 
when he hears othcr amateurs <leclare that they bave received 200-mcter 
signals at a distancc of 2000 miles or more~ He should bear in mind 
tha.t reception ovcr cxtremely grea.t distances at 200 1neters is only 
possible at night ... timc, during the months of the year most f a.vorable to 
l,ong distance transmission. In thc northern part of the U nited States 
the favorable period extends fron1 about Scptcmber 25th to April 15th 
of the following year. The questior as to what results can be obtaincd 
with short \vaves and low power sets from thc middlc of April to the 
latter part of September is problematical. 

\Vith the great developmcnt that has taken place in va.cuum tube 
arr1plifiers the amateur is now enablcd to incrcase his ra~ge of daylight 
transmission and reception very considcrably. 

ìviany a1nateurs do not take. into account the eff ect of local conditions 
upon their transmitting and receiving range. For exan1ple= if the aerial 
is· locatcd behind a steel building, in thc tree tops, behind other struc­
tural steel \Vork, or in valleys, signals from· distant stations are not rc­
ceived as well or transmìtted as far as with aerials which are erected in 
the open country, free from obstructtons, which vvould tend to absorb 
the energy of passing waves. 

RADIO LA WS AND REGULATIONS.-The · beginncr should 
familiarizc himsclf wìth the general restrìctìons imposed by Urùted 
States legislation by studying a booklet entitled "Radio Comrnunication 
Laws of the United States and the International Radio Tclegraphic 
Convention,'' which èan be purchased frorn the Governmcnt Printing 
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Office, 'Vashìngton, D. C. This booklct gives full information con­
ecrning the regulations governìng ~.vireless operators and thc use of radio 
telegraph apparatus at sea a.nd ashore. 

The experimenter should first referto the pa.ges containing information 
about amateur station liccnses, etc. From those he learns thn,t, \Vhen 
cspccially qualificd and aftor at least two years of experiencc the amateur 
may, in certain districts 1 secu1~e a special license for an exceptional station. 
Such experi1nenters; of course, belong to the class of amateurs consider­
ably advanccd in the art . In paragraph 65 he finds that gcnoral amateur 
stati1)ns are rcs ~ri\;tcd in trans1nission to the wa.ve length of 200 meters. 
In the sarnc paragraph it also is stated that if a 8ta.tion is located within 
five miles of a naval station, the wave length for transm.itting purposes is 
lirnitecl to 200 m.eters and the consu·mption of the power tra.nsformer to 
.72 kw. This station is said to be in the restrictcd class .- A gcncral or 
restricted a.rnateur station must be in charge of an operator having an 
amateur's first grade or amateur's second grade operator's certificate who 
sha,ll be i~csponsib1e for its opcration in aecordance ,\~ith the Uniteci States 
regulations. In fact this station n1ust always b~ under thc supervìsion 
of a 1icensed m.an. Fora receiving station, however, no license 'vhatso­
cvcr is required. 

Provisional licenses are issued to amateurs far remote from radio 
inspectors. If, after actual inspection, such stations are found to comply 
\Yith thc law f ully, the term "provisional" is struck out and the station 
is indicatcd as ha ving bccn inspectcd. A ·mateur station licenses and 
amateur operator's lìcenses hold good for a period of two years, when they 
can be renewed. No f ees are required f or either license. 

REQUffiEMENTS FOR AN AMATEUR'S OPERATING LICENSE. 
- In order to secure an amateur's first gradc liecnsc certificate, the 
applicant must be fa.miliar \vith the adjustment and operation of '\virdess 
tclegraph apparatus. He inust be fr'1miliar '\vith thc rules of the Inter· 
national Radio Telegraphic Convention, particularly those concerning 
the roquircmcnts in rcgard .to interfcrcncc. He must be able to transmit 
and receive at a speed sufficient to recognize distrcss or "keep out" 
signals. To qualify f or an a.ma.teur first gra.de lìcense, hc m ust be ab le to 
take down telegraph signals in the interna.tional e.ode at a speed of ten 
wm·ds per rninute. 

For an amatcur second g1:adc certifica.te thc rcquiren1ents are similar 
to those for a first gradc certificate, cxcept t .. hat the fonner license is 
issued to an applicant '\vho cannot be examined. If amateurs, for valid 
reasons, cannct appear in person and are ab1e to convince and Eatisfy 
the government authorities as to their knowledgc of thc subject, a 
license of this kind may bo ìssued. Ifa license is secured the beginner 
should purchase òr construct a sirnple transinitting set. 

WHERE TO TAKE THE EXAMINATIONS.- Operators' examina­
tions. may be taken at the following United States Naval radio station : 
San Jua.n, Porto Rico; Colon and Darien, Canal Zone; Honolulu, 
Ha'\vaiian I~lands, and at the United States Army station at Fort Valdez_. 
Alaska. · ~ 
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Amateurs residing in \Vashington and vicinity may tako cxaminations 
at the Bureau of Naviaation, Department of Co1nmcrcc, 'Vashington, 
D. C. Exan1inations are also held at. the radio inspectors' officcs in thc 
following cities: 

Custom House, Boston, Mass. 
Custom House, New York, N. Y. 
Custom House, Batti.more, Md. 
Custom HouseJ New Orleans, La .. 
Custom House, San .Francisco, Calif. 
Federai Building, Chicago, 111. 
Federai Building, Detroit, Mich. 
205 Citizens Bank Buildingt Norfolk, Va. 
2301 L. C .. Sm.ith Building, Seattle, Wash .. 

Applicants should "\VTÌte to thc exa.mining officcr nearcst to their 
station and sccurc a copy of fonn 756, the application blank for an 
operat.or's license, and to the radio ìnspcctor for forni. 757 which is an 
a.pplication for a license f or a land station. A1natcurs a.t. points remote 
fl·om examining officcrs and radio inspectors can obtain second grade· 
a1natcur licenscs without pcrsonal cxamination. Examina.tions for first 
grado liccnscs will be conductcd by the radio inspector when hc is in the 
vicinity of t.heir st.atìons, but special trips cannot be made for this pur­
posc. Pe11sons holding an1atcur second grade operating 1iccnscs should 
make evcry cffort to take the examinations for an amateur first grade 
license or higher. 

LAND STATION LICENSES.- To secure a 1and station license the 
applicant fills out a blank fonn on which he states t,he nature 1 type and 
character of his apparatus. The authorities use this infor1nation in 
1naking calculations to determinc the proba.ble ; wave length and range 
of the set. I°: their final decisions thcy are not guided wholly by the 
type of the set alone but by the locai conditions surrounding thc station 
and the probable interferencc that it \vili set up. The license once 
gra.ntecl t.he beginner may communicate \vith other amatcurs, happy in 
the feeling that he has moved up a round on the wireless ladder. 

' 



CHAPTER II 
THE FORMATION OF A RADIO CLUB 

.· " 
' 

It. is not difficult for an1ateurs to get in touch vdth one another, as a 
rule, for as soon as .a new station has bccn crected and the o\vner begint' 
to operate bis set other "'?il'eless cnthusiasts co111municate ·with him. 
Names a.nd addresses, which are a.mong the chief requisites in the pre­
liminary plans f or thc organi~a ti on of a radio club, can be o btaincd easily. 

HOW TO GET TOGETHER.- In a cornmunity ·which is without a 
wireless organization the amateurs should ·1neet and compose a letter 
invitìng those in their neighbol'l1ood interested in the art who \vish tQ 
join a radio club to correspond rcgarding the subject. This letter should 
be sent to tho National \Virelcss Association, 233 Broad,vay, Ne\v York 
City, '\vith a rcqucst for its publication jn The 1Vireless Age. Af tcr it 
has been published a letter should be sent to prospectivc ine1nbers of 
the organization, giving the namc of the placo whcrc the first meeting 
of the club will be hcld and t.he date. 

It is the purpose of the National v\Tireless Association to aid in 
forming radio clubs in communities 'vhìch lack them : Office~ of the 
organizations 'vill be admittod to thc council of tho N ational \Virclcss 
Association and arrangcments \Vill be made for the clubs to affilia.te \vith 
rnilitary co1npanies as accredited rr1e1nbers and officers of signal corps 
which plan to hold sumrner n1ilitary enca111pments .. 

The follo,ving brief outline of the parlia1nentary procedure in general 
practice wìll serve as a guide to amateurs. ·'rhc outline for the con­
stitution fora radio club has been n1ade as brief as possible, but nothing 
essential has heen omitted.. No reference has been made to by-la,vs. 
In reality they are a1nendments to the constitution and n1ay be adopted 
fro1n time to time at the business meetings. A1nendme1)ts generally 
rcfcr to the dutics of committecs, enlarging or diminishing their po\vers. • 

TEMPORARY ORGANIZATION.-At the first meeting a temporary 
organization-a prcliminary step to a per1nanent organization-should be 
forrned. One of the amateurs present should rise and suggest that a 
chairman of thc meeting be namcd. It is gcncrally the custom to takc 
a quick vote, and if thc majority agree on son1c onc individua.I hc im .. 
mediately may be considered elected a~d should take the presiding 
officer's chair. This appointment should be givcn prcferably to onc of 
thosc who a.idcd in composjng the Ietters to prospective men1bers. 

The chairman should be supported by a recm·ding officer, 'vhom he 
may appoint directly.. The recordìng officer, who is kno\vn as the 

12 
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secrela.ry f or the teniporary organization, should make a co1nplcte record 
of thc proceedin~s of the meeting. · 

The chairman should then call thc n1eeting to order. He should 
deli ver a brief addrcss, stating the objcct of t he meeting and inviting 
rliscussion on the subject. 

An arnateur should tise, addrcssing the chairma (if he is not known 
be should give bis nanie) and be pennitted to bave full opportunity to 
stato his vicvvs-the possibilit.ics and impossibilities of thc cnterprise 
under consideration and thc ad vantagc of taking active step~ to,vards 
formin~ a club. Al1 of thoso at the rncctjng rnay voice their opinion 
regard1ng the subject in this manncr . 

If the consensus of opinion sho\vs that an organization is desircd, it 
is in order for one person present to present a resolution which, for ex­
atnplc, tnay be introduced as f ollow·s: 

Ainateur addresses thc Chair: ''l\tlr. Chairman." • 

The Cbairrnan ackno\'dedgcs his right, to the floor by calling his narne: 
"l\J r. S1ni th." 

l\ .. fr. Srnith, to thc Chair: "lt sce1ns te be the general wish of those 
prescn~t ton1ght that a radio club be formed. I therefore propose that 
active st.cps Le takcn at once f or the f orinati on of such a club among the 

f h. . " amateurs o t 1s city. , 
The Chairnian rcpcats thc rnotion to the audience, and says~ '~Thc 

motion is now open for discussion ." . 
If no discussion takcs placo and no objcction is offered, the Chairn1an 

sa.ys: 
(1) "All thosc in favor of tbc resolution rcspond by sa.ying aye." 
(2) "All thosc of a contrary n1ind say nay ." 
If the ayes and nays sccm about cqual a. vote by count should be taken. 
Several co1nn1ittoes rr1ay now be appointed. It, is often customary 

to appoint a Rcsolutions Connnittec first. The mcmbcrs of this co1n .. 
mittc~e may be appointod dircctly by thc Chairman, or, if those present 
so desire, by a genera} vote. 

It is tbc duty of the Co'm'mittee on J(esolutions to draw up a definite 
staten1cnt, placing in thc fonn of a series of resolutions the general 
desires of the founders of the organization. The cornrnittcc rnay \vith .. 
dra\v from the meeting in order to decide upon tho form in \.vhich the 
resolutions are to be put to the chair and then ask that they bo acted 
u pon by those present in tlte regular manner . 

. A. socond committcc, to be known as the Committee on Nominations, 
may be fonncd. 'l'ho me1nbers of this committee inay be appointed by 
thc cbair if those present at the meeting so desire. It is the duty of thc 
tnembers of the Noininations Committee to suggest orto place before thc. 
meeting, for norninations, the names of amateurs for election as ojficer·s 
of the perma.nent organization. 

A third committee, to lle kno'\vn as the Rules and Regulations Corn­
mittee, should be appointed. The dut1es of the inembers of this com­
mitt.ee incluqe drafting a constitu.tion and by-laws for the permanent 
organization. 

Before the pennanent organization is founded, a fourth committee 
should be formed to determine the eligibility for membe1·ship of those at 
thc temporary mee~ing. This co1nrnittee n~ay bave full po·wer to in-



14 Wireless Experimenter's Manual 

vestigatc and determino in ·whatevcr way it sees fit whcthcr or not those 
who 'vish to join are eligiblc. 

It is undcrstood, of course, thàt the comrnittec "\vili carry out the 
idcas of the n1cn1bcrs of the club. It is suggested that no one should 
be allowed to join thc club as a full inembcr· who ha.s not been actively 
connected with amateur radio telegraphy for at least one year. It should 
be further stipulated that in. order to be eligible f or mcrnbership the 
applicant n1ust be thoroughly fan1iliar with the United States laws 
pertainìng to amateur radio telegraphy. (Copies of these rules and 
regulations can be secured from the Departn1ent of Co1nmerce, 'Vash· 
ington, D. C., or thc district radio inspcctors. 

All committce rcports rnust be pre~ented to the chair for reading by 
'the recording offi cer. I t is then in order f or so1ne one a t thc meeting to 
present a motion f or ad opti on or accepta.nce of the rep0rt of the co1n­
n1ittee. '\Vhen a motion is offered it must be secondcd by another pcrson. 
After it has been seconded a vote should be taken to determino the 
generai sentiment of those present. 

As a rule, it is advisable tha.t the meeting of the te1nporary organiza­
tion be held first and the appointinent of commìttees made as suggested. 

THE PERMANENT ORGANIZATION.- The affairs of thc perma­
nent .organization can be hand1ed at a second meeting. 'I'hìs will gìve 
thc various committees sufficient time to carry on t.heir dcliberations 
properly. It is, however, possible to effect the entirc organization atono 
meeting, although better results will be obtaincd jf the founding of tbc 
permanent organization is postponed to a la.ter date. 

\Vhen the permanent organizatìon is to be effected, the va.rìous 
comn1ìttees previously mentìoncd should report to the chairman. Usually 
the chair1nan of each co1nmittee reads his rcport before t.he entire as­
se1nbly and the chairman of the tcinporary organization requests that 
action be taken. 

The Membership Com1nittee should offer its report fìrst. It should 
name those cligible to 1nen1bershìp in the club, and a generai vote of all 
present should be takcn. lf. therc are any present who are not eligible 
to n1en1bership they should leave before further business is taken up. 

1'he Rulcs and Regulations Co1nmittee should report next, sta.ting 
clearly the constitution for ~be club. - An out.line of a constitution suited 
to general needs follows~ 

Article I.-Sec. (1). The narne of this association shall be The 
Radio Club of New York City, or The Cleveland 'Vireless Club, or The 
.Allied Amateu:r Radio Clubs of Chicago. 

Scc_ (2) ~ The object of this club shall be the bringing together of the 
amateurs of this city who are intcrcsted in thc advancement of radio 
telegraphy and desire to becoinc more fan1iliar with the radio art. Pro­
gressiveness shall be the keynote of this orgflinization, and a general 
diffusion of knowledge pertaining to radio telegraphy its ~ndeavor. 

Article II, Club Membership.- Sec. (1). The n1embership of this 
club shall be divided into two· classes- full mc1nbers a.nd students. 

Sec. (2). Full n1e1nbers shall be those who ha.ve been actively con­
nected wìth amateur radio telegraphy for at least one year and are able . 
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to rcceive messages in the Continental telegraph code at a speed of at 
least fivc \vords per minute. 

Scc. (3). Studcnts are those who bave had no prevìous connection 
with a1nateur radio telegi·aphy, but are interested in the art and ,vho, in 

. order to fa1niliarizc themselves inore fully with radio apparatus, desire 
to j oin a radio club. 

Sec. (4). A full member shall not be less than sixteen years of age, 
and a student not less tha.n t\velve years of age. 

Article III, Fees.-Sec. (1). The entrance fee (payable upon admis­
sion to the club) shall be $1 for full mcmbers and fifty cents for students. 

Scc. (2). The annual dues for full membcn~ shall be $2, and for 
students $1. · 

Article IV, Officers.-Sec. ( 1) . The officers of the club shall be a 
President , Vicr..-President and Secretary-Treasurer. The latter office 
shall be fillcd by one tnember. 

Sec. (2). 'l"'he Prcsidcnt and Secretary-Treasurer shall be elected for 
· six months and the Vice-President far one ycar. The President and 

Secrcta.ry-Trcasurer shall not be eligible f or imrnediate re-election to the 
samc office. 

Sec. (3) . Tbc terms of the officers electcd a t any annua} meeting 
shall begin on the second meeting of thc club following t he election. 

Article V, Election of . Officers.-Sec. (1). Election of officers shall 
take place once every six m on ths. 

Article VI, Management of Radio Club.-Sec. (1). The mana.gement 
of the radio club shall be in the ha.nds of the President, ' ' ice-President 
and Secretary-Trcasurcr, 'v ho , in ad di ti on to their regular d uties, shall 
be known as the Board of Dircctors. 

Sec. (2). The Board of Directors shall direct the care and "xpenditure 
of the funds of the club, shall receive and pass on all bills before they are 
paid by t.he Sccretary-Treasurer, and shall decide upon the expenditure 
of all moneys in various 'vays. 

Sec. (3). The Board of Direetors shall from tin1e to time adopt a 
series of by-laws which 'vill govcrn the procedure of the various com­
mittees \vhich are later to be forrned. 

Scc. ( 4). The Prcsidcn t shall ha ve general su pervision of the aff airs 
of the club under the direction of the Board of Directors. The Prcsident 
shall preside at the meetings of the club and a.lso at the meetings of the 
Board of Directors. 

Sec. (5). The Secrctary-Treasurer shall be the executive officer of 
the radio club, under the direction of tho President and Board of Dircc­
tors. The Secreta.ry-Treasurer must attend all meetings of the radio 
club and of the Board of Directors, and record the proceedings thereof. 
He shall collect ali mc1nbcrship fces due to the club, and shall give re­
ceipts for them. He shall have charge of the books and accounts of the 
club. He shall present, every three n1onthst to the Board of Directors, 
a balance shcet sho\~ling the financial condition and affairs oi the clubo 

Sec. (6) ~ Three cornrnittees shall be formed: 
(1). A Library Comrnittee. 
(2). A Meetings and Papers Committee. 
(3). An Electrical Co1nmìttee. 
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It shall be the dut.y of the Library Con1mittcc to keep thc metnbers 
of the club fa1niliar \vith thc latcst articles pc1taining to ·wirclcss tele­
graphy appearing in varìous publications, and to see that thc li tera ture 
and books of the club are propcrly kcpt on file . 

Tbc 1\1eetings and Papcrs Committee performs the most iinportant 
function of all. It shal~ be the duty of the members of this committce 
to n1ake the 1ncetings of thc club of interest to all 1 particularly as re­
gards ìntellectual <levelopmcnt. Jt shall be thcir duty to inake the 
meetings of scientific and electrical intcrest to the rnembers of the club, 
and they shall do all in thcir n1cans to enhance the know lcdge of the 
men1bers of t.h_e club in n1atters pertaining t.o radio-tolcgraphy; they 
shall a.lso see that once each month a pa.per is read by an amateur mem­
ber, chronicling intercsting experiinents which he has p rf ormed or 
suggcstions he ha.sto rnake. 

The Elcctric~1 Committee shall have direct chargc of all the experi­
mental apparatus in use by the club. The n1embers of the committec 
shall see that the apparatus Ioancd by various mernbers of thc club is 
wcll taken care of. The Elect.rical Com1nittee shall conduct all experi­
ments and shall see that these are performed in a scientific manner. 

Article VII, Business Meetings.-Sec. (1). The scmi-a.nnual busi­
ness n1ceting of this radio club shall be held on the first Tuesday in 
N ovember and on the first Tuesday in A pril of each year. At this 
n1eeting a report of the transactions of a.Il mcctings of the firevious ycar 
shall be read and the se1ni-annual elcction of officers shall take,, placc. 

Article VIII, Club Meetings.-Sec. (1). The regul~r meetings of t.his 
~lub shall be held on Tuesday night every 'veek throughout the year. 
Every fourth .meeting shall be devoted to the reading of a paper on radio 
telcgraphy by one of the mcmbcrs present. 

Aftcr the constitution and by-laws have . been agreed upon and ac­
cepted by M.te mcn1bers present, it will be in order for the Nominations 
Co1nmittee to present to the chainnan a report on the no1ninces for the 
various offices to be :fi.lled. If the no111inees are acccptcd, a general 
election by ballot shall t.ake piace. Thcse officers should be elected in 
a.ccordance 'vith the constitution and by-laws adopted. 

THE HOME OF THE _CLUB.-A radio club should, if possible, 
inaintain quarters of its own. It is possible in t.he majority of cìtics to 
sccure a rootn at a low price in one of the less prominent buìldings upon 
which may be erectcd an antenna of fair dimensions. If tbc finances of 
thc organization will not permit this, ìt is best that the n1cctings bo held 
at the station of t.he member having the best facilitics for the acconunoda­
tion of the membcrs and an antenna \vell suited for their experin1ents. 

· THE ANTENNA .. -It is particularly important that the club room 
be located where it will be possible to crect an antenna. There should 
be two separate and distinct antenna.e, one of tbc inverted L, flat-top type, 
about 80 feet in length by 40 feet in height. This aerial 'vill permit radia­
t ion at the wave length of 200 met.ers to con1ply with the governrnent 
la\v. The second ant2nna may be s-wung parallel to it and inay be of 
any length up to 500 feet. rrhe longer antenna should he used for the 
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purpose of receiving the longer \Va.ves of the various high power stations 
located in the United States and abroad. The shorter antenna should 
be used only for the purpose of sending to and receiving from amatcur 
stations. 

INSIDE THE CLUB ROOM.- In the club roon1 thcre al'\vays should 
be on hand a file conta.ìning copies of the latest inagazines. Tbc ap­
paratus roo1n should rontain a black boa.rd to be used in thc dra\ving 
of cir ·uit diagra1ns t.o cxplain tbc \Vorking of wireless appara.tus. 

The me1nbcrs of the club should raisc a fund to be dcvotcd to thc 
purchase of books dealinrr \Vith thc technical sidc of wircless tclcgraphy. 
These should be addcd to fro1n t.iinc to time until t he Jibrary is quìtc 
corn plct.e. 

A serìes of rnaps showing thc location of wirclcss te]egraph stations of 
thc ·world can he purchased fron1 thc United Sta.t.es Departtnent of Com­
rnerce. It is nggested, too, t.ha.t one of the 1neinbers of the club who 
has some skill as n, draught.sman, dra\v a map of the scet.ion in \vhich tho 
organi.za.tion is locatcd. Thc stations of thc val'ious 1ncrnbcrs and the 
distance from thc quartcrs of the club to cach station should be indicateci 
on the map. 

THE WORKSHOP.-The workshop of the club should adjoin the 
radio station. 1'he tools and 1naterials for the lattcr can be contributed 
by thc me1nbers of thc club or purchased by a fund collected specifically 
for this purposc. No apparatus should be confìt.ructed in the '\Vireless 
station pro per. All work of this nature should be do ne in the \Vork hop 
and aftcr the cxp2riments have been completed the a.pparatus should 
be. takcn to t he radio room to be test.ed. 1."his room should contai n a full 
set of clcctrician's tools, including an e1cctric soldering iron a.nd a first 
class work bench. Additjonal n1atcria.I ncccssary will suggcst itsclf 
fron1 ti1nc to time, and ìt may be suppli cd individ ually or purchascd by a 
fund collected for the purposc. 

The radio club, of coursc, should havc a substantial dra\ving table 
w'ith a full set of instru1nents necessary for the dra\ving of circuit dia­
grarns, the plotting of resonance curves and the laying out of plans for 
thc construction of apparatus. 

A COMPLETE EQUIPMENT DESIRABLE.-Interest at the club 
hea.dquarters " 1ill be n1aint.a.ined if the radio station is fittcd wi th a fairly 
cornplete equipmcnt. It is somewhat difficult to give advice applicable 
to cach orO"a.nization as to ho\\1 much appa.ratus to install. The qucstion 
undoubtedly v~·ill be governed large)y by tbc amount of funds a.vailable. 
However, every ra.dio cluh shouid, if possiblc, possess tha follo\ving: 

An effi .,ient 200-ineter ama.teur transrnitting set . 
. A tra.nsmitting aerial of the proper di1ncnsions for the radin,tion of 

encrgy a.t this \va.ve lcngth. 
A 200-inctcr rccciving set for co1nrnunication "\vith ~ocal enthusiasts. 
An accurate \vave meter having a range of frorn 200 to 3 ,000 meters. 

If possible a sccond wave inetcr having a range of froin 3~000 to 10,000 
1netcrs should be provided. 

· An aerial hot 'vire ammcter. 
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A supersensitive long distance receiving set capable of giving response 
to damped and undamped oscillations. 

A receiving aerial from 500 to 1,500 feet in length f or use with the 
long distance set. 

A buzzer tester. 
A complete buzzer practice system. 
The f ollowing communication f rom the Department of Commerce 

requires the earnest attention of the officers of radio clubs: 
"Radio station licenses can only be issued in the name of the club if it 

is incorporated in some state of the Uniteci States; othèrwise the license 
must be in the name of some individuai of the club which will be held 
responsible for its operation. 

"Radio clubs having a club station should apply to the radio inspector 
of their district for the assignment of an officiai call signal which must 
be used for all radio communication." 



, 
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CHAPTER III 

' . . " 

ELE1\1ENTARY PRINCIPLES OF THE RADIO TRANS.o 
l\IIITTER-ELEMENT A.R Y THEOR Y OF DESIGN­

INDUCTANCE COMPUT ATIONS-TRANSFOR­
l\1ER DESIGN-TRE THEORY OF SPARK 

DISCHARGERS 

lt is difficult. to separate the cducationa] requirements of thc in ... 
dividual t'rom thosc of the R.adio Club as a \Vhole. In the author~s opìn­
ion one of the 1nost irnportant functions of the dub ìs to disscrninate 
ideas. Club dj8cussions, thc reading of technical papers and the con ... 
duction of public cxpcriments, tcnd to stimulate progress by extending 
the knowledge of the individual. Oftcn thc cxpcrimcnter is in a quandary 
on some technical point but after lìstcnìng to a paper or disc~1ssion 
betwcen mcmbcrs, hc gocs a\vay \vith knowlcclge a point. in advance of 
what ho possessed before. l\ilisunderstandings in s0Ir1c tcchnical point 
a.re thus frequently brought to light and the benefit to thc radio com­
rnunity as a 'vhole cannot be overestimated. 

Beginners will soon find out tha.t apparatus for radio transmission 
and reception involvcs advanced technical consid rations. The \Vorkìng 
of t.he appa.ratus is based upon fundamental electrica1 principles which, 
in the design of a. set, must be obeycd to the letter if any uscful results 
are expected. A thorough study of the elements of electricity and 
1nagnetis1n is thc first esscntial. I{nowledgc of the principles of lo\V 
frequency a.lternating currents is next in import.ance. Then con1es the 
study of radio frequency currents. The a.uthor ma.y then be pardoned 
for abruptly dropping the subject of wireless telegraphy from the stand­
point of thc club as a whole, a.nd treating it technica.lly for the benefit of 
the individua} for he has learned that the experi1ncntcr is prìmarily in­
terested in thc design of a good -çvireless transmitter and rcceiver. If an 
individua), through persona} study and experitnentation, obtains so1ne 
unusual resu1ts the members of the club \Vill soon hcar of it and nothing 
givcs the experimenter grea.ter joy t.han to report the details of some strik­
ing achieve1nent to his fello·wmen. Thus, what bencfits one, bcncfits a.Il. -

A brief treahnent of the theory of radio transrnission and i·eccption 
will follo,v. The design of amateur· apparatus \viU be discussed in an 
elcmentary ':vay. 

ELECTRIC WAVES AND HIGH FREQUENCY ALTERNATING 
CURRENTS.- Radio tclegraphy is conductcd by ineans of electric wave.~ 
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and electric waves are generated by alternating currents. In practice 
these currents are of very high f requency, particularly t he wa ves of short 
length used by ama teurs. 

The length of an electriè wave is easily detcrmined when the frcqucncy 
of the alternating current is known. Por if we divide the velocity of 
electricity whict is computed to be 300 ,000,000 n1eters per sccond, by 
the frequenc'!j of the current tho result is the length -of the electric wave. 
Conversely if 've divide tho vclocity of electricity by the length of thJ 
wave we obtain as a result the frequ.ency of the alternating cuiTent. 

Thus a.mateur stations are lin1itcd by U. S. statute to the wave 1ength 
of 200 meters. The frequency of the current for generating thesc \Va.vcs is 

300 000 000 . 
thercf ore '

200
' or 1,500 ,000 cycles per second. If \Ve compare 

this numbcr vvith the frequency used in ordinary po,ver "\\oTork-60 cycles 
per sccond-it is clear that the apparatus for gcnerating currcnts of radio 
frequencies must be of a -special type. 'Thc laws governing radio frc­
quency currents, ho,vever, are not very different from those surrounding 
lo'v frequency cu1~rents except in respect. to certain phenomena 'vhich 
ha ve been brought to light since l\1arconi's basic discovery. 

lVe arbitrarily call current. of frequencies above 1 O ,000 ver second radio 
frequency currents; those below 10,000 per second andio frequ.ency currents. 
It is a striking fact, of which considera.ble note will be taken further on, 
that currents above 20,000 cycles per second are not audible in the 
telcphonc roceiver, f or thc car \vill gcnorally not rcspond to sound vibra­
tions abovc 20,000 per second. 

The lowest frequel).cy so far used for wireless transmission is 15,000 
cycles and tbc highcst runs into millions . . The first named frequency 
corresponds to the 'Nave length of 20,000 mcters, or .a \Vave \vhose length 
is approxi1na.tely 13 miles. On the other band the "\Vave lengt.h of one of 
lVIarconi's early types of trans1nitter has becn comput.ed to be a fe,v 
ccntimeters and the current frequency runs into billions. 

Commercia} "~ave Jengths in radio lie bet-\veen 300 a.nd 20,000 ineters; 
the corresponding frequencies vary fro1n 1,000,000 cycles dO'\:\>'n to 
15,000 cycles. 

It is clear that in designing a "\VÌrelcss transmitter for a1nateur use, 
the first consideration is the construction of a.pparatus to generate oscilla.­
tions at a frequency of 1,500,000 cycles. 

THE ELECTRIC WAVE RADIATOR.-The wave maker a.t thc 'vire­
less transn1itter is callcd thc antenna 'vhich is an elevatcd, insulated 
conductor varying in shapc ·and form. The antenna ma.y consist of 
a number of vert.ical ·\\rires attached to the top of a mast or to\vcr; -or it 
inay have a portion vertical and the i·e1naindcr horizontal; or it may 
assu1;nc thc shape 'of thc ribs of an umbrella. 

The antenna is n1ore co1nmonly called the ('am·ial" and thus \Ve bave 
the "vert'ical" aerial, the ~'inverted ]; flat top" aerial, t hc "T flat top'' 
aerial, the umbrella aerial and other modìfied forn1s. · 

The lower end of the acria1 is usua.lly connected to earth through the 
mediu1n of a good around plate, but it is not neccssarily so connected. A 
so-called ground ca.pacity or counterpoisc ina.y be used. I t consists of 
~everal wires spread over the surf ace o/ the earth or ~v n insul~tcd fro1n th) 
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eart.h. A combination of the imbeddcd earth pla.te an<l the counter-
poise gi ves thc be. t r sul ts. . 

It is a fundamenta.I principle of \virelcss tclcgraphy that if "\Ve generate 
high frequency currtints and cause thent to flo\v in un elevated conductor, 
more co1nmonly calle<l an open, circuit oscìllator or antenna., electric wave 
ra.diation a.utomatically takes piace; but far intensive radiation the 
electrieal constants of the oscilla.tor must bear a definite relation to the 
frcquency of the applicd current. This relation will be cxplaincd in t1 

f ollowing para.graph. 
I'hc fio\v of currents in the elevtticd conductor or capacity is ac­

com pa.nicd by elcctromaCYnetic and electrosta.tic ficlds, a port ion of 
'vhi ~h is cletachcd f rom the radia.tor. Thcse two fields consti tute thc 
electric wave. Fìg. 1 lb shows the electrostatic ficld for a fc\v cyclcs of 
aeria1 current and Fig. 11 e a eomplcte cyclc of thc clcct.romagnctic ficld. 

In transit t.hesc t\VO ficlds aro at right anglcs to cach other u.nd to t.he 
direction the "\vu,vc is travclling. They are radiated oubvard at a vclocity 
of 186,000 1niles per second, · or 300,000,000 incters. Actually the 
phenomena surrounding the deta.chmcnt, of the t\vo fields are more co1n­
plicatc<l than they a.ppear here ùut the two drawings serve to indicate the 
process of \\rave radiation in an ele1nentary 'vay. 

If another elevated capacity or conductor (known as thc receiving 
aerial) be erectcd miles distant, the magnetic .a.nd static components of 
the advancing "\Vave motion act to induce in the aerial currents of the 
t:.an1e frequency as flo·w in t.he transmit.t.er aerial. The receiving aerial 
must ha.ve the same natural time period of electrical oscillat:on as the 
trans1niltcr acrial, to reccive any considerable distance. In other "\Vords 
thc rcccivcr must be tuned to the transmitter as '\VÌll be explained in 
dctail in a following paragraph. _ 

GENERATORS OF RADIO FREQUENCY CURRENTS.- \Ve rnay 
no\V center our attcntion on apparatus for gcncrating high frequency 
currents. The lowest frcquency so far cmployed for practical electric 
wave transrnission , to thc author's kno,vledge, is 15,000 cycles, the 
highest. a little lcss than 3 ,000,000 cycles. Theoretically ~ clectric wavc 
radiation occurs at ali frequencies f rom the lowest t.o the highest, but 
aerials of eno!,mous length \VOuld be required to radiate at frequcncics 
belo'v 10,000 per second. On the other hand the wave radiator for vcry 
short wave lengths must be exceedingly sinalL During the Europen.n 
v.rar very successful cominunications were carried on over short distancc .. 
at the '\vave lengt.h of 3 metors. Thc frcquency of the antenna currcnt 
\Vas 100,000~000 cycles! 

Frcqucncìcs up to 200,000 cyclcs may be generated by dynarnos. 
An exam pie of such n1a.c hines is the 2 k~v. A lexanderson radio f requency 
alternator, the armature of which rotates 20,000 r.p.m.f The design of 
such a dynamo introduces n1any difficult mechanical problems and the 

. construct.ion is very expensivc. Besides this, a currcnt of 200,000 cycles 
would radiate at the wa ve length of 1500 mctcrs, \vhich is more than 
seven times the \vave length allotcd to amatcurs, i.e.,-200 meters. 

The Poulsen a.re generator works well at frequencies up to 200,000 
but is unsuitablc at 1,500,000 cycles required for amateur transmission. 

The vacuuni tube generator v.rorks wcll at àll frequencies from ~ cyct~ 
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to 20,000,000 per second. There is every rcason to believe that it \vill 
be uscd by a1nateurs in ìncreasing nu1nbers. 

Spari~ systems of transmission are mostly uscd a1nong a1nateurs and 
'\Vill first be considered. The apparatus in this method is not so com­
plicat:ed as that of other systems and the materiai for constructìon is 
more readily obtained by the amateur. The spark transnùtter requircs 
neither the elaborate ina.chinery nor the technical skill demandcd by 
othcr systems. 

PRODUCTION OF DAMPED ELECTRICAL OSCILLATIONS.­
An electrical oscillation circuit possesses t.he qualities of inductance, 
ca.pacitance and resistance.. The last nan1ed qualìty is undesirable, 
but an inva.riablc accompanimcnt of an electrical circuit. 

A circuit made up of an inductance and a capacitance in series will, if 
impulsed periodically by a.n externally a.pplied electro1notive forcc, 
oscillate at a 1,adio or an audio frequency, depending upon tbc magni tu dc 
of the product of the inductancc and thc ca.pacity. 

-..!!!.. 6 
- ( i 1iii""> 

(, 

........... -11 

Frn. 8. Simplc oscillation circuìt Hlustrating the production of radio frequcncy currents. 

Fìg. 8 rcpresents such a circuit. L is a simple coil of wire and C a 
condenser consisting of in terlea.ved parallel conducting plates such a.s 
copper or tin foil insulated from onc anothcr by air spaces,. by sheets of 
glass or mica.1 or by any of the ·well kno,vn insulators. An impu.lsing 
circuit con1prising a battery Band a key K, is shunted across L. Upon 
closing K, currcnt flows through L and a magneti e ficld cneircles the 
-t.urns of the coil. Thc condenscr C reccivcs a charge varying a.s the 
;.1n .f. of the battery. N either the currcnt in the coi I nor the charge in 
the condenser reaches its maximurn value instantaneously. A certain 
interval of time is rcquircd to fulfill thcse conditions. 

The condenser exerts a back pressure or e.m.f. on the battery B, 
but since theìr e.m.f .'s a.re equal the condenser cannot discharge until 
the battery B is disconnected. If key J( is then opened, the magnetic 
field about L collapses, induces an e.m.f. in L \vhich gives a further 
charge to C af ter w hich C bngi ns t.o discharge back through L. \Vh en 
C is co1npletely discharged the ficld created around L collapscs setting 
Up an e.m.f. \Vhich charges C in the Opposite dfrect1on from tha.t in the 
first instance but with less iutensity, f or the energy supplicd originally 
to the circuit i~ gradually dissipated. 

Several cycles of currcnt tra.verse circuit L C before the energy of 
the origina} chargc is con1plctcly uscd up. Oscillations of decaying 
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amplitude are gcncrated as sho\vn in Fig. 9. If L and C are properly 
chosen the current may oscillate at frequencies ranging from audibi1ity 
to a inillion or more. 

Such groups of oscillations a.re called ila1nped oscillations and thc 
rate at \vhich the amplitudcs decrease is expressed by the "logarithmic 
decrernent. '' If K is opcncd and closed rapidly, say 500 timcs per 
second, 500 groups of damped .oscillations \Vill be generateci in thc circuit. 

I 1 

I 
LJ , 

t.000.000 SfC, 

Jc"'l'G. 9. Graphs sbowinglhe decaying groupa of oscill.s.tions generated b~r osci11ation circuits when impuJsed 
by Audio frequency voltagea. 

The total cnergy in \Yatts stored in IJ C, Fìg. 8, during the charging 
period is the sum of the energies stored in the condenser and coil, that is 

C·b""l 
lV = 

2 
f or thc condcnser, (I ) 

and 
(2) 

C is the ca.pacitance of the condenser in f arads, l..1 the ind uctance of thc 
coil in henries, I thc final current in amperes flowing through L, and E 
the electro1notive forcc in volt.s. It is evident tha.t the energy in the 
condenser increases as the square of the voltage, and tbc energy in the 
coil as the square of the current. Po~~crful oscilla.tions are produccd 
in radio telegraphy by high voltages~lS,000 to 30,000 volts. 

We cannot produce po·werful oscillations in thc circuit. of Fig. 8 for 
the voltage drop across tbc inductance of a radio frequency coil is ~on 

' 

s 
--~-------~~-· ··-----

Fra. 10. Cireuit for tbc production of powerful radio frcquency oscilla.tions. The condenser C'is energized 
by a high voltag<J trnnsformer. The circuit L C Si~ known in radio telegrophy as tbe closed os<:Hlntion 
drcuit. " 

sidcrable and the availa.ble e.m.f. to charge the condenser thcrefore 
relativcly small. For effcctiveness the inductance should be discon­
nectcd fron1 thc condenser during the charging period and re-connected 
f or d ischarge. 
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If a high voHage charging e.n:i.f. is e1nployed, a special s\vitching 
arrangc1ncnt is not ncccssary. \"Ve rnay include a spa1·k gap S in serics 
\vith thc inductancc and condcnscr as in Fig. 10 and connect the con­
dcnscr to the sccondary of a high voltage transformer. \Vhcn the 
potcntial difference a.cross the condenscr tenninals reaches a maxhnurn, 
thc gap S, if of t.he co1Tcct lcngth, vvill be ruptured, a.nd \vill beco1ne 
tcmporarily conductive pcrmitting the passagc of a fe\v cyclcs of radio 
frcqucncy currents around the circuit L C S. 

If condcnscr C is connected to a 500 cyclo high voltage transfonncr 
and tbc gap dischargcs thc condcnscr once for each half-cycle of the 
charging cu1·rent, 1000 groups of radio frequency oscillations 'vill fknv 
in circuit L C S. The frequency of the oscillations in L C S, may be 
varied either by a change of L or C. 

A reduction of the capacita.nce of C increascs the oscillation frcqucncy. 
Cutting out turns at L cffects the frcqucncy in the same way. lgnoring 
rcsistance, the oscillation frcquency of thc circuit L C is determined frorn 

N= I 
27r .../ LC 

(.3) 

L is the inductance of the coil in henries and C the capacitance of the 
condenser in farads. Hence if L=0.0001 henry and C=0.0,000,001 
farad, 

N = / 
1 

= 5033 cycles . 
6.28 \ 0.0001 X 0.0,000,001 

l A ffi(ffC practical unit for capacity is the 1nìcrofarad, - --·--
1,000,000 

farad. 
Tbc microhenry and tbc centimeter also are rnore practical units to 

cxpress inductance. 1 rnicrohcnry - l,OO~,OOO henry and 1 centimctcr 

-1 
- I ,000,000,000 henry · 

If L be expressed in eentin1eters and C in-microfarads, L in for1nuh.i 
(3) must be divided by ono billion and C by one lnillion. It thon becoines 

N = 5,033,000 
I , , IJ C 

Again if_ L be expresscd in inicrohenries and C in microfarads, then 

N = 300,000,000 
1884 , 1 L C 

(4) 

(5) 

It is import.ant to note that. the frequency of cireuit L C S has nothing 
to do \vìt.h the frequency of thc charging currcnt (lvhich hnpulses the 
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condenser). No mattcr ~vhcther C is charged 100 or 1000 times per 
second, the frcqucncy of L C S varies inversely as· the product of the 
inductanco and capacitnncc of the circuit. -

Suppose \~C desire to design circuit Le s t.o oscillate a.t approxi­
ma.tely 1,500,000 cycles. J;etting L = 1840 centin1et.ers and C =0.00.6 
nif d. (an avcra.ge valuc for an1atcur trans1nitters) w·e ha ve, 

N = 5,033,000 5,033,000 4 OO I 
. 'V' 1840 x 0.000 - 3.323 =1,51· ,5 cyc es. 

By increasing the inductancc of L slightly, t.he frequency \vill be 
Io,~ered to 1,500,000 cycles. 'rhe circuit L C S in ,vireless telegraphy 
is called the closed oscillation circuìt. 

TRE OPEN CIRCUIT OSCILLATOR.-Just as \ve n1ay generate 
oscillations of a prcdctcrmincd frequency in thc closcd oscillation circuit, 
so \VC n1ay generate thc1n dircctly in 'vhat is tcrn1cd the open oscillation 
circu.it . 1.,his circuit co1npriscs, thc aerial, tbc earth plate, and the 1ocal 
tuning appliances for varying thc \vave length. In contrast to the 
closed oscillation circuit, the open circuit, \vhen set into oscilla.tion, 
radiates 7Jo11.)erful electromagnet'ic waves. 

The closed oscilla.tion cìrcuit ìs a feeble radiator unlcss an enlargect 
closed circuit loop aerial is employcd, such as \vill 1 e dcscribcd in Chapter 
XII. 

I 
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\ \ \ . 
Fm. l lll. .Lllwstrating the clecirostatic cùpacitance of a wircless telcgraph 11crial. 

· The inducta.nce and the capacitance of the closed oscìllat.ion circuit, 
}1"ig. 10, are concentrated in the coil L and the condenser C ~ respcctively. 
The open oscilla.tion circuit external to the tuning apparatus has dìs­
tributed inductance and distributed capacitance. Such a circuit is sho\vn 
in Fig. lla. Thc inductance of thc \virc A E lies in its ability ·to store 



26 Wireless Experimenter's Manuai 

up energy in the form of a magnctìc field; and its capaeitanee in its 
ability to store up energy in the fonn of an electrosta.tic field. But these 
energies are distributcd throughout thc length of tho vertical \vire, and 
not. concentrated or lumped in a small space as in Fig. IO. 

We may, in fact, look upon the aeria.l of Fig . lla as one platc of an 
enlarged condenser, the earth bcing the opposite plate, and the int.ervening 
air the dielectrZ:c. Due to the largc separation of the t'vo sides of the 
condenser, 've n1ay expcct the capacity of thc averagc ttntenna to be 
re1a.tivcly sn1all. Norn1al valucs for amatcur transn1itting acrials li '.3 
bet\veen 0.00025 and 0.0006 microfarad. 

In Fig. I la the spark discharge gap S 1 is connected t.o the secondary 
coils S-3 of a high voltage transformer. The primary coil is connected 
t.o a 60 to 500 cyele source, at potcntials bctween 110 and 500 volts. 
The secondary potential n1ay be 20,000 volts. 
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Fw. llb. -Detached loop~ of thc clcctrostatic component of an electric wavC! motion. 

If we separate the spark electrodes of 8 1 to thc correct sparking ai~­
tance, and closc the circuit to the pri1nary coil, a scries of sparks \vili 
discharge across A.'h; and, as in thc case of the clos~d circuit, thc open 
circuit oscillat es at a radio frequency deter1nined by thc product of 
the inductance and capacitance of.the circuit. 

J ust bcf ore the s park discharges the space bet,veen the aerial and 
carth is filled \Vith electrostatic 1incs of force . 'rhe potential difference 

· at the spark gap S1 ionizcs the air, making it conductive and 3,llo\Ying 
the stored-up energy to discharge across the gap. Only part of the 
stored-up electrostatic field contributes to t.he energJ of the spark. 
The remainder is radiateci in the form of electrostatic 1oops as in Fìg. llb. 
Magnetic fields also accompany thc currcnt oscillation as in Fig. Ile, 
and part of this fìcld also is detached fro1n thc aerial. Both fields, as 
already ment.ioned, are radiated outward at a velocity of 186,000 miles 
per second (or 300,000,000 meters). 

The acrial current oscillates through a very few cycles, the energy 
being dissìpated in wave radiation, hcat losses due to resistance, and 
heat due to absorption by obstacles in the dielcctric medium. 

· WAVE LENGTH.- The wave length of a sirnple vertical aerial \Vire 
is four timcs its natural length. Thus a rod 150' high would radiate a 
wavc 600' in Iength or 184 mctc1's. 'Ve \vould then say that the natural 
or fundament al " rave lcngth of tbc acrial is 184 n1eters. 

I 
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For an aerial \vith 3 or 4 \Vires spaced a fe-w feet, thc factor of 4 no 
longcr applies , for \Ve ha.ve thus slightly increascd the elcctrostatic 
capacitance ·and <1ecrease<l the ìnductance of the systern. 'Ve thercfore 
1nust determine the \va.ve ]ength of the aerial fron1 knowledge of its 
inductance and capacitance, or by means of a wa.ve rncter. 

'The \Va.ve length of an open or closed oscillation circuit inay be 
incrcascd by adding a coil of \Vire in scrics, or decreased by a series 
condenser. All t1~ansmitting and receiving acrials bave a coìl at the base 
and inany stations are cquipped with a scrics condenser. Simple as 
\vell as more scientific ineans of dctcrmining the wave length will be 
descri bed on pagcs 293 to 2-97. 

- ~ 

• 

Fm. llc. Tho magnetfo component of an electric wave motion for on() cycle of antenna current. 

PRACTICAL DAMPED WA VE TRANSMITTERS.-Marconi's early 
type of transn1itter is substantiaHy that sho·wn in Fig. 12. The dia­
gra.m perhaps represents the simplest possible type of electric wave 
generator that 1nay be constructed by the amateur. The aerial A t.o E, 
includes a loa.ding coìl L-1, a spark gap S-1 and is connected to earth 
at E. P S is an induction coil with a secondary voltage of, say, 30 ,000 
volts. The pri1nary is_ fed by a 6 to 30 volt storage battery. Some 
induction. coils are constructed te operate off 110 volts d.c. 

An automa.tic interrupter I is mounted on the end of the core. "\Vhcn 
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kcy K is closed thc interruptcr break the primary currcnt an<l high 
voltagc currents are inducc<l in the srconda.ry 8. 1.,hPse currcnts chargc 
thc antenna, thc stored-up encrgy of "\vhich discharges a cross tbc spark 
gap S-1, producing a. fc\v cycles of radio frequcncy oscillations for each 
dischargc. 

Thc n~avc lcngth of thc systc1n ma.y be increased by cutting in turns 
at the coil L-1. The coil consists of a fc\v turns of a copper cond1Jctor 
of low re8istance, such as stranded icire, copper tubing or copper strip 
\vound in the form of a hel1~x or a "pancake." · 

& V. • 

SPARK GA.~ 
5- l 

to" COfl 

a v. 8 V . 

~EV 

24 VOLT 
~TORAGf 5ATTERV 

FIG. 12. The drcuits of :r...farconits earl~~ typc of ~-ireless tcfo'1;raph tranamitter. 'l'he autenna circuìt is 
set into oacilJa.tion by an ìnduction eoil whìch ma.y be fed by a storago bat.tcry or a. d.c. dyn.am<). 

(. 

The spark electrodes are prefe1·a.bly of zinc, a.lthough brass or copper 
ma.y be used. Electrodcs % of an inch in diameter are sufficient for 
srnall coils~ · Fo1· large coils, cooling fia.nges are attached to the spark 
electrodes. 

If L-1 is cut out of the circuit, the acrial being '\Vorked at its natura.I 
\vave length, this transmitter radiates a so-callcd ''broad" wave,· mea.njng 
that the v.rave emission '\VÌll interfere with receìving stations, somewha.t 
off tune "rith the natural oscillation frequency of the transmitter aerial. 
\Vith a fe,v turns of L-1 cut in, the statement above does not neccssarily 
apply. The radiatcd v ... 'ave rnay possess a degree of "sharpncss'' that 
compa.res very favorably \vith more modern appa.ratus using coupled 
cìrcuits. 

... -
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The govern1nent. authorities are not inclined to grant a license to 
operate the transrnitter in Fig. 12, unless it be of a lo'v po,vcr and locatcd 
in a region where it is uot apt to inteifere ~·ith the ·working of government 
or com1nercial stations. 

~ 
·l 
·l 

Low VOL TAGE. 
A c. 50UR.Cf 
--~· .,i 

t1tGH· VOlTAG'e 
A. c. 5ouR.CE 

·1.· ........ . 

WAvE P~oouc.~~ .... . 

' ·..., 

--. . 
Fm. 13. Fundamental circuita of !\.Iarconi's indu tively coupJed transmitter which is a]most univc:rsally 

emr.Loyed in commercia] and a.matcur practiec. Powcrful oscillations e.re first generatcd in the dosed 
osciJJation circuit L C S and thcn fcd to thc antenna cìrcuit througb the oscillation tl'ansfonner L, L-1. 

MARCONI'S INDUCTIVELY COUPLED TRANSMITTER.- This 
type of tl'ansmitter is cn1ploycd alrnost uni~ersally. The fundamental 
circuit. is sho,vn in Fig. 13. Powerful radio frequency currents a.re first 
generated in t.he circuit L C S an<l t.hen transferred by electro1nagnetic 
induction to the aerial or open circuit, A, L-1, L-2, C-1 1 A-1, E. !{ is a 
low frequency generator- 60 to 1000 cycles , P-1 a prfniary reactance coil, 
and P the prim.ary of a closed core transfornu:r. The e.m.f. of tbc alter­
na tor 1nay vary f ro1n 11 O to 500 vol ts. 

The secondary voltage of the transformer may vary from 2500 to 
30,000 volts according .to design. Fiftcen thousand volts is more gen­
erally used. 

C is a high voltage condenser ~rhich in the amateur station rarely 
cxceeds O. 008 mf d. L is the primary coil of the oscillati on transf ormer 
L, L-1. lts value for the an1at.eur set · rarely exceeds 6 n1icrohenries. 
The inductance of L-1, the secondary, may lìe bet,veen 15 and 25 micro­
henries. L-2, the antenna loadfng coil, is not required f or the generai 
an1atcur station except for very short aerials. T\venty to 30 n1icrohenrics 
are gcncrally sufficient. 

C-1, the short 1wave condenser, is only employed " rhen the natural 
\Va.ve length of the aerial excecds 200 met.ers. A condenser of O .0002 
to 0.0005 microfarad is about correct for the a1nateur aerial \vhcrc the 
fundamental wave length exceeds 200 meters. 

--. 
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A -1 , t.he acrial ammeter is used to measure the aeri al current and to 
deter1nìne i·esonance adjustments.. A inaxi1nu1n scale rcading of 5 an1-
peres suffices f or the set of the average experi1nentcr. 

' 
THEORY OF OPERATION.-In bricf, the circuit in Fig. 13 oper-

ates as follo\vs: In gcneral, \vhen the key J( is closed, current fron1 thc 
generator fiow·s through the pri1nary P. The re8ulting 1nagnetic Jines of 
force thread through S, the secondary, inducing thcrein high voltage 
currents of thc sarr1c frcquency as the prin1ary current. 

\Vith a 60 cyc1c transformer C is chargcd 120 tiincs per secondt and 
\vith a synchronous spark gap S, 120 sparks occur. One hundred and 
twenty groups of radjo frequency current.s are gencrated in l.1 es per 
second and since l,J is in inductive relat.ion to L-1, 120 groups oi radio 
f1·equency currcnts are induced in the aerial system. 

Some of the cncrgy of tbc antenna currents, as already cxp1ained, 
is convcrted into an electric \Yave rootion. 

TRE PHENOMENA OF REACTANCE.-A striking phenomcnon of 
radio frequency currents ìs tha.t of electrical resonance. Thc process of 
bringing two circuits into resonance is callcd tuning. 

It is hopcd that the expìanation of the rcactance cffects of a coil and 
a condenser here given and in the paragraphs follo·wing, V\7ill aid thc 
amateur in comprehending -~vhat adjustment.s are necessary to effect 
resonance in alternating cun~ent cireuits. If a coil of \Vire is connccted 
first t.o a source of 110 volts a.e. and then to a source of 110 volts d.c., 
it \Vill dra.\v a great deal more current in t.he latter case than in the f ormer. 
The self-induction of the coil to rapidly changing currents causes it to 
"choke" their fto'v. The constantly changing magnetic field around a 
coil carrying alterna.ting currcnt.s gcncrates a countcr c.1n.f. \Vithin the 
coil \vhich acts to i ·mpede the rise of current and \vhich is sometimes called 
reactance voltage.. We say then that a circuit possesses so much 1·eacta.ncc 
and v.re express tbe opposing effects of react.ance in ohms. 

,.rhc reactancc of a coil increa.ses directly \vith in crea.se of f requency. 
A eoil ·which exhibits negligible reactance to a current of 60 cycles "'·ill 
offcr very appreciable reactance to radio frequency currents. If it is 
desired to build up the currents in ra.dio frequency circuit.s to an ap­
preciable value the rcactance of a coil 1nust be neutraUzed. As \Vill 
presently be sccn, the 1·eactance of a coil, in radio f requency circwi"ts, is 
neutralized by the opposite reactance of a condenset connected in series 
with the coil. 

In d.c. circuits we are conccrned mostly with their .. esistance, but 
in a.e. circuits reactance play~ such a.n important part (as \Vell as the 
i·esistance) that it must be given very serious considcration. R.csistance, 
it must be rcmembered, entails a loss of enei·gy in the form of heat, but 
reactancc occasions no loss of energy in that ·way; it compels tbc applica­
tion of a higher e.n1.f. to a circuit to" pass ·a given an1ount of current 
through it. It is \vcll for tbc studcnt to gain a clear understanding of 
the relative ]1nportancc of reactance, rcsistance and impedance. rrhis 
will be discusscd more in detail in paragraphs follo\Ying. 

FORMULAE FOR REACTANCE.-1."hc reactance of a circuit is 
expressed in ohms. Letting N = the frequency of the a.pplied e .m.f., 
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L = the induc1.ancc of the circuit in hPnries, and X i= reactance in ohms, 
thc rcactancc of a.n inducta.nce is expresscd 

(6) 

It can be sho\vn also tha.t thc rcactance of a capacitance is inverscly 
proportional to tbc frcquency of the applied e .m .f., or 

(7) 

\Vhere C =Capa city in f arads. 
Since in a series circuit, the reactance of a. condenser is opposi te to that 

of a. coil, a.s a means of distinction induct.ance rcactancc is ca.lled posìtive 
'teactance, and ca.pacitance react.ance is t.crmed negative reactancc. 

If in an altcrna.tìng currcnt circuiti inductivc rcactancc predo1ninatcs, 
\Ve obtain thc rcsulting reactance by subtracting th capaciti ve reactance 
from the inductive reactanec. Thc rcsulting figure denotes positive 
reactance. Conversely, if capacitive rcacta.nce predon1inat<~s, 've sub­
tract the inductìve reactancc from thc capacitive reactance and the 
resulting figure denotcs negative reactanc . 

If in any circuit to \vhich is applied an e.m.f. of a given f requency, 

(8) 

the reactancc is zero and the strength of the current in such a circuit 
is governed solcly by its resistance. This circuit undcr closcr analysis 
'vill be f ound to be resonant to the impressed f rcquency and in radio 
telegraphy it is called a "tuned'' circuit. 

Any oscillation c]rcuit 1nay be placed in resonance V·.tith a particular 
in1prcsscd frequency by sclccting a capacìtancc and an inductancc of 
such inagnitude that thcir rcactanccs are equal. 

e C·I 

To lo( lut'i VOLTAGE ' ~OUflC.E. r: ~~. L . ... 
l 

A-l 

Frn. 14. Illusitrnting how radio frequency cir-01.rits may bo place<! in e1ectrics.l resotiunce by thc aid of u. hot 
V'.'Ìro a.mmeter. 

DETERMINATION OF RESONANCE BY CALCULATION.-Using 
formulae (6) and (7), the reactance of the circuit L-1, C-1 in Fig. 14 may 
be calculated. Circuit L C S generates radio frcqucncy currcnts at a 
frequency, let us assuri1e, of 1,500,000 cycles. Circuit L-1, C-1, A-1 in 
inductive i~elation to L C S contains the hot 'virc am1neter A-1 (sca.le 
O to 5 or O to 10 ampercs). 
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If condenser c .. 1 is takcn out of t.he circuit and the leads thcreto 
connected together, and circuit L C S is set into o cillation, the ammcter 
A-1 v,~ìll give but a s1nal1 <leftection. ~rhe reuson for this is that the 
ìnductive reactance of L-1 is very high for such frcquencies but, on the 
other hand, if the rea.ctance of C-1 equals that of L-1, the an1meter '\Vill 
·givc a higher reading, far the amplitudc of thc current in the circuit is 
then governed by the resista.nce of the circuit. 

Using formula (6) assuine that L-1 =0.00001 henry and N, t.he 
oscillation frcqucncy = 1,500,000 cycles 1 the reactance of L .. 1~ 

X 1=6.28X1 t500,000 X0.0000.l =94.2 ohms. 

Giving C-1 a capa.city of 0.000,000,001, 126 farad , its reactance 

1 
Xc= G.2 X 1,500,000 X0 .000,000,001,126 = 94 .2 ohms. 

Hence, the capacitive and inductive reacta.nce are equal and opposite 
at the frequency• of 1,500,000 cycles. The t\vo circuits in Fig. 14 are 
then in resonance, tha t is, they ha ve the same natural f requency of oscilla­
tion. 

'Ve n1ay prove this by forrnula (4). llemmnbering that 0.000,000,-
001,126 farad= 0.001,126 1nfd. and 0.00001 henry = 10,000 centiineters, 
\Ve may substitute these values in fonnula ( 4). 

or 

J.V = 510331000 
-.J LC 

N - 5,033,000 -l r:::oo OOO I 
- -· >J CYC es. 

-V 10,000 X 0.001126 > ' • 

l{nowing the reactance of thc coil in a serìes circuit for a given 
frequency, the capacity of a condenser for the same reactance is found 
·by transposing ~(7), viz; 

(9) 

To find L, 'vhen C fora given frequency is known, 

(10) 

TUNING IN PRACTICE.-Fort.unately f or the amateur experi­
menter, be does not ha ve to go through the preceding calculations to 
obtain rcsonance in established radio transmitting circuits, for two 
circuits of radio frequency may be placed in resonance by means of a 
hot wire ammeter alone. Coupled circuits n1ay be tuned in t.his way, 
provided the inductance and the capacitance in bot.h circuits are of such 

; 
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ma.gnitude that resona.nce is possiblc. Thc chìef disadvantagc of tuning 
by hot \Vire arnrneter is that one docs not know the frequency of the 
circuits and consequently cannot tell the 'vave Iength-a matter of 
pritne importance in vie'\v of the rcstricted a.n1ateur wave length. 

The physical operation in tuning cìrcuit L-1, (7-1 to circuit L C S, 
Fig. 14, is to set the tap on inductance L-1 a.t so1ne point and vary C-1 untìl 
the m.eter A-1 YJ'eads a 1nax·imu.ni. Similarly C-1 may be set at some · 
ca.pacity, and L-1 va.ried until rnetcr A-1 rcads a maximu1n. Likei.vise 
within limits L-1 and 0-1 may be set at son1c definite value, and either 
L or O varied until A-1 sho,:vs a maxin1urn. 

Precisely the sa.1ne method is em ployed in tuning to resonance the 
closed and open circuits of Fig. 13. 'The variable elements in t.he an­
tenna circuit are L-1 and L-2. In the closed circuit C is usually fixcd 
and L is varied by the tap. Circuit L C S may be set to some \vave 
Jcngth by a. waverneter·, and then L-1 or L-2 varied unt il A-1 reads a 
maximum. The antenna circuit is then in resonance \:vith the closed or 
spark gap circuit. Tuning in pra.ctice is preferably carried on by 1neans 
of a. 'vavcn1ctcr, the use of ·which 'vill be explained in Chapter XI. 

The arnatcur must keep the follo,ving clearly in n1ind. If t-wo 
oscillation circuits (L C and L--1, C-1) are in inductive relation, one 
transferring energy to the other, no 1uatter ho.\V large or small 1nay be 
the valucs of Lor C, L-1 or C-1 , if 

LXC =L.lXC-1 

then the circuits are in elecfrical resonance and tho n1ost effective transfer 
of energy 'vi Il take placc. 

The method of dctcrn1inìng thc values of L and C for any partièular 
wave length (or frcqucncy) ·will be explaincd bclovv. 

Referring again to the circuits of Fig. 14. \Vhen the gencrating 
circuit iinpresses high frcquency e.m.f .'son thc next circuit, the reactance 
of L-1 at resonance is equal to that of C-l. Say then, that C-1 is set at 
sornc capacitance belo\v that necessary for resonance 1 and gradually 
increased to resona.nce a.nel boyond. A t the lower val ucs of capaci ty 1 

capacitive rcactance predorninates, but as it is increascd to rcs()nance, 
the capacitive reactance gradually decreases until at resonancc it cquals 
the i nducti ve reactance of L-1. If nD'w, the capaci tan ce of C-1 is in­
crcascd further, inductive rca.ctanco predominates, tho capacitive react­
ance bccoming less and less. 

\Vhen the circuits L-1, C-1 and L C S are in resona.nce wi th eac h 
other, either will separately oscillate at substantially the same frequcncy, 
if in1pulsed periodically by an extcrnal c.1n.f. 

PHASE ANGLE.~When t\vo alternating currents in a given circuit 
or in separate circuits reach their positive and negative a.mplitudcs 
simultaneously, Vfe say that the currents are in phase. If one current 
reaches, let us say, a positive inaximum a little latc1· than the second 
current reaches the same n1aximum, ·wc say the currcnts are out of phase. 
N ow a difference of phase of one complete cycle is regarded as equivalent 
to the angle of the v1hole circwnf erence of a circle or 360°; t.heref ore a 
diffcrence of phasc of a quarter cycle is equivalent to 90°, and of a half 
cyclc to 180°. 
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The tern1 phase angle is not only convcnient to cxprcss the diffe1,ence 
in phase between t\VO diffcrent currents, but also to cxprcss the angle oj 
lead or lag in cìrcuits in which thc applicd e.m.f. and tho current do not 
rea.eh their maxi1num amplitudcs at the sa.rno instant. 

LAG AND LEAD IN ALTERNATING CURRENT CIRCUITS.-­
\Vhen a coil of 'vire is tra.vcrsed by alternating currents, its self ìnduction 
tends to prevent the l'ise of the current, \vhereas a condcnscr under the 
sa1no conditions has the opposite effect, i.e., ìt assists thc current to 
reach its maxìmu1n amplitude sooner than it ~vould '\Vere tho capacity 
not present. 

This may be surnrned up by sa.ying .. that the reactancc of a coil tends 
to rnake the current lag behind the impressed e.m.f ., and tha.t the react­
a.nce of a condenser causes t.he current to lead the applicd e.n1.f. In 
the first case, we have ~rhat is called a ùtggìng current a.nd in the last 
case a leading current. \Ve say in such circuits that thcre is a pha.se 
displaceJnent and 've express such di placements in degrees. 

If a circuit possosscd inductance only (if such \vere possible), the 
current would lag 90° bchind the irnprcssed e.in .f. If a circuit con­
tained capacitance only, the currcnt ·would lcad the i1npresscd e.m.f. 
by 90°. In practice, a displace1ncnt of 90° cannot be obtained but the 
condition can be approached. · 

It is no·w clea.r that in any circuit containing a condenser a.nd a coil 
in series, their reactanccs are opposìte and if thcy \vere inade just cqual 
they "vould neutralize; that is, there would be neither "'lag" nor "lead" 
and the curren t and the applied e. m .f. ·would build up in pha.se. 

HOW TO CALCULATE THE ANGLE OF LAG OR LEAD .. -Thc 
angle of lag and lcad may be calculated if V\'e kno"r the capacitance, in­
ductancc, resistanco and the frequency of the e.m.f. applied to the cir­
cuit. This computation is of littlc int.crcst to tho average arnateur 
experimenteI' but f or t.hose 'vho rnay caro to carry it out the f ollo,ving 
brief analysis is given. · 

'l'he tangcnt of thc angle of lag is the ratio of the inductancc 1·eactance 
to the resistancc of the circuit, or -

. tan (} = re~ctanc~ . _ 2 7r lv L 
res1stance R 

(Il) 

Thc tangent of the angle of lead is the ra.tio of the capacitance react-
ance to tbc resistance of the circuit, or · 

t (} rcacta.nee 1 . R an ~ - ........ 
- resìstance - 21r N C . (12) 

In both formulac O =the phase angle. 
The angle corresponding to any value of tan () may be found in a 

t..able of' sines, cosincs and tangents. Suppose, for exa.rnple, tan O ai=; 
found by eìther formula (11) or '(12) is 1.16. By rcfcrring to th~ µboyç 

I 
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mcntioned table of sines and cosines it will be found that 1.16 is the tan­
gen t of tbc angle of 49 °. \V e ·would then say tha t thc angle of lag or 
lead (dcpending upon ·whether 've are considcring inductive or capacitive 
reactancc) is 49°, that is, the current leads or lags bchind the irrtpressed 
e.in .f. by 49°. . 

If a çircuit has both capacitive and inductive reactancc, the smaller 
valuc should be subtracted fron1 the larger value and the result. inserted 
in thc nun1erator of formula (11), that is 

X 
tan fJ= ­

R 

\V herc X is the resul ti ng rcactance. 

(13) 

PHASE ANGLE AND ITS RELATION TO POWER.-Although the 
amateur experin1enter rnay not be inclined to give the matter of pha.se 
angle much consideration, he ìs cornpellcd to do so when dctcrmining 
the po·wer of an altcrnat.ing current a.s in transformer circuits. 

In d.c. circuits, tbc po\ver consumptìon is determìned as in Fig. 15, 
''rhere G is a d.c. dyna1no, il. a load, V, a voltmeter and A, an a1nmeter. 
The power in 'vatts is exprcssed~ 

W = IXE 
\V.bere l = current in nmperr.s 

E =c.m J. in volt.s. 
Thon if E= 100 volts, I= 10 ampere-s, 

JV = 100X10=1000 \vatts = 1 .kilc>watt. 

(14) 

N o·w in a.e. circuits \vhen the curreht cithcr leads or lags behind the 
voltage, the true waUs <:annot be m.easured by a voltnieter or an a.m.meter, 
f or if curves of c.m .f. and current out of phase are plottcd, it \vili be 
found that there are instants during a cornplete cyclc w·hen the volts 
are directed in one 'vay a.nd thc currcnt the ot.her. If po-wer curves 
( '\vhlch are the prod uct of thc eff ceti ve vol ts and a.m pcres a t various 
instants during thc cornplctc cycle) are plotted it \.vill be found that tbc 
resulting po~ver is less t.han \vould be obtained if the e .n1.f. and current 
\vere in pha.se. 

·In order to ineasure the a..c. po\\rer of a circuit such as that in Fig. 16, 
it is necessa.ry to multiply the product of the readfngs of tbc volt1neter 
a.nd ammeter by some factor w·hich takes into account the phase relation 
of the e.m.f. and current in thc circuit. The quantity by \vhich forwula 
(14) is multiplied to get thc true po\vcr in \Vatts is called the power factor 
which is equal to cos fJ, \:vhere O as bcf ore is the phasc angle; that is, the 
cosine of this anglc gives us the n1ultiplicr for the a.e. power formula. 
For a.e. circuits thcn, 

W=lXEXCos fJ (15) 

where Cos 8=power factor whfoh uhm=~ 

where Z =the impedance of the circuit in oqrns~ 
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Frn. 15. Showing the use of an ammeter and a voltmeter for measuring the power of d .c. circuits. 
Frn. 16. Sbowing how the k.v.a. reading of an alternating current power circuit may be determined. 
FIG. 17. Showing the position of a wattmeter in an alternating current circuit for measuring the power 

consumption in watts. 

The product of the readings of the voltmeter V and the ammeter A 
in an inductive circuit gives a resultant called the apparent watts. 

On the other hand, the wattmeter connected as in Fig. 17 gives the 
true watts because the wattmeter is designed to be independent of phase 
angle. · 

If I and E are read as in Fig. 16 and W is determined as in Fig. 17, 
we may obtain the power factor as follows: 

· • true watts 
Power f actor = t tt apparen wa s 

(16) 

For example, if, in Fig. 16, I =20 amperes and E=llO volts, the 
apparent watts=20X110=2200 watts. If, by means of the wattmeter 
connected in the same circuit it is found that W = 1200 watts, then 

1200 
power factor=

2200 
=0.54=54%. 

The apparent power in any circuit is often referred to as the k.v.a. 
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reading , that is thc kìlo\vatts obtaincd by 1nultiplying the pressure by the 
current as rcad f rorn instrumcnts in thc circuit. 

'Vhilc thc apparent \vatts and thc true \vatts in a.e. circuits tnay 
differ considcrahly , the a1natcur inust take care to design bis apparatus 
to handlc the full current as detennined froin the k. v .a. reading 1 for the 
heating cffcct of tbc currcnt is there, although the full po,ver of the 
current is not availablc for a useful purpose .. 

OHM'S LAW FOR ALTERNATING CURRENTS.-In d.c. circuits, 

Ohm's law is expressed I=~, meaning that the current in any circuit 

is dircctly proportional to the applied elcctron1otive force and inversely 
proportional to the resistance. In alt.crnating currcnt circuits (to ex­
prcss the true relation bet.\veen thc voltagc and thc current.) the effects 
of reactance n1ust be takcn into account as \Vell as rcsistancc. For 
n.lternating currcnts, 

(17) 

\vhere Z =the in1pedancc of thc circuit. 
The coinbincd opposition of rea.ctance and resista.nce t.o thc fio\v of an 

alternating currcnt is ca.lled i1npedance, \vhich, like reactancc and rc­
sistance, is expresscd in ohrns. 

Letting Z =in1pedancc, X =rcactancc, and R = resistancc, it can be 
shO'wn that 

Z = "' Il2+ x:i 

Formula (17) may then be ·writt.en! 

E 
/=--:==== "11ç- .+ x2 

(18) 

(19) 

No\v if u circuit possesscs induct.ivc and capacitive reactance formula 
(18) becornes 

(20) 

or 

It is no\v clear that if 2 tr N L-tbc inductive reactance, is equal 

to 2 'lr ~ e -the capaci~ive reactance' ~be rcactance expression in tbe 

denominator of equation (20) may be eliminated. Then .z = .Y R2 or 
z. =lì; that is, the impedancc of the circuit is equal to its resistance. 



Wireless Èxperimenter's Manua1 

This is vvha.t may be cxpcctcd in a resonant circuit. Forn1ula. (19) for 

. . th b I E I E b. h . h resonance c1rcu1 ts en ccomes = .y R
2 

or = R \V ic 1a t e sa1ne as 

the exprcssion for direct current. 

F10. 17s. Graph of a e:ycle of sn alt;erna.ting current following the curve of sine.s. If the maximum ampli• 
tudo repre:ient.s an e.m.f. of 100 volta, the efTective valuc= lOO x 0.707 70 volta. 

EFFECTIVE AND MAXIMUM VALUES OF ALTERNATING 
CURRENTS.-It will be evident from thc currcnt curve of Fìg. 17a, 
that an alternating current undergoes pcriodic changes in amplitude and 
in direction. Sa.y, as an illustration, that the current during each cycle 
rises from zero to a positive inaximum of 15 amperes and thcn falls to 
zero; and for the next half cycle, reverses its direction and goes through 
the sa.me set of values. The question arises, how are \Ve to de termine 
the effect of a current undergoing such a continuai change in amplitude? 
It is clear that "~e must take some sort of an average value to detcrminc 
the effectiveness of an alternating current in 01·der that we may compare 
it \Vith a direct or steady current. · 

The effectiveness of thc alternating current is defined in terms of ìts 
relative heating effect compared to the heating effect of a direct current. 
The beat developed by a direct current is at every moment proportional 
to tbc square of the current at that moment, and is therefore constant. 
In the case of an alternating current, tbc avcragc heating effect is pro­
portional to the average of the squares of all the values of the cur:r;cnt 
during a cycle (such as may be equal to the points A, B, C, D, E, F, 
etc., in Fig. 17a). The average in the case of asine current is the same 
value that "~ould be obtained by taking one half of the squa1~e of the 
maximum current d uring the cyclc. 

It is now clear that a direct current, the square of \vhich is equa! 
to the aveTage of the squares of an alternating current over a com­
plete cycle, produces the same beat as tbc alternating current. This 
is the ejfective value of the altcrnating current and since its squaro is . 
equa] to 72 the squarc of the maximum value, the eff ective val ue 

12 I 
le= 

2 
m where lm=the maximum value. This 1nay be written lt= ...;;; 

., 

\Vhich is thc samc as thc maximum value multi plied by O. 707. J ... 

I + 
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This means, then, that if the maximum amplitude of a cycle inasine 
,vav·e alternating currcnt is 15 arnpcfcs , its eff ective value is 15 X O. 707 
= 10.6 arr1pcrcs. That · is, an altcrnating current that . rises and falls 
uniforn1ly bct,vccn a value of +15 and - 15 a1nperes, produces the sa1ne 
heating cffcct as a dircct current of 10.6 amperes. 

Al terna ting currcnt voltmeters and ammeters gi ve the eff ective values 
of alternat ing currents not their rnaxin1um values. 

In the primary circuits of his high voltage transformer the amatcur 
experimenter is concerned '\vith the e .. ffective values of the currcnt and 
voltage. But in the secondary circuit, kno,vledge of the maxirnum 
e .m.f. is essential because the discharge at the spark gap is rela.ted to 
the n1axh11urn e.rn .f. 

The effective value of an alternating current is sometiu~s called the 
"root mean square" (r.rn.s.) value because t he effect.ive value of a sine 
\vave is equal t.o thc square root of the average of the squares of current 
taken at all points throughout the cycle. 

It is \Vell to reme1nber then that when connection is made to a 110 

volt a.e. sourcc, the maximum value of the e.m.f. per cycle is 0~~~7 
= 155 volts. 

\Vhen the runateur purchases a 15,000 volt transforn1er, for example, 
he should ascert.ain from t.he maker '\vhether this rcpresents the r .rn .s. 
valuc or the maximum value per cycle. For if it is the maxin1um value, 
tbc cffective or r .m.s. value, in a sine wavc, is 15,000 XO. 707 = 101605 
volts. 

DETERMINATION OF THE WAVE LENGTH OF AN OSCILLA­
TION CIRCUIT.-Kno~ving the values of inductance a.nd capacitance 
jn a closed oscillation circuit, Le., a circuit with lumped or concentrated 
inductance and capacitance, the a1na.teur may calculate the equivalent 
'vave length by a simple forn1ula. The co1nputation is a little more 
complex \vhen a.pplied to the open or antenna circuit, due to part of the 
inductance and capacitance being distributed throughout its length and 
the reinainder lu1nped. The experimenter "'"ho does not. lean toward 
preciseness may apply the wave length formula jor lumped circuits to the 
open circuit.. The per cent error for the open circuit is i~oughly 
negligible. 

'Ve ha ve first the fundamental wa-ve length f on11ula: 

(21) 

where " stands for '\\'ave length, V =the velocity of clcctromagnetic 
·wa vcs (300, 000, 000 meters per second) and N = the oscilla ti on f requency. 

Hcnce if the antenna circuì t of the ama teur' s transmi tter oscilla t.es 
a t. 1,500 ,000 cycles, 

I gth 300,000,000 200 te wave en = 
1500000 

= me rs . 
' , 
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If 

then 
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V 
À=-

N 

V N=­
X 

1 . 
But, according to formula (3), N = where L = inductance in 

27r -VLC 
henries and "'C = capacity in farads. 
Hence 

or 

(22) 

This is the f undamental formula f or determining the wave length 
when the lumped inductance and capacitance of a circuit are known. 

The units, the farad and the henry, are too large for radio circuits in 
every day practice and if used would involve long decima! expressions. 
For example, letting C in Fig. 13 =one ten-billionth of a farad and 
L = 16 million ths of a henry, then 

~~~~~~~~~~-

À =6.28 X300,000,000X -V 0.000016X0.0,000,000,004=151 meters. 
The more -serviceable units f or radio calculatioiis are the microhenry, 

the millihenry or the centimeter for inductance, and the microfarad or the 
micro-microf arad for capacitance. 

l,000,000 microhenries = 1 henry 
1,000 millihenries = 1 henry 

l,000,000,000 centimeters = 1 henry 
1,000,000 microfarads = 1 farad 

1,000,ooo,ooo,ooo micro:..microfarads = 1 farad. 

If L is expressed in centimeters and C in microfarads, L in formula 
(22), must be divided by one billion and C by one million. The formula 
then becomes 

X =59.6 -V L C (23) 

Similarly if L is expressed in microhenries and C in microf arads, L in 
formula (22) must be divided by one million, and similarly C. The 
formula then becomes · 

~ =1884 -vw (24) 
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For1nulae (22), (23) and (24) are, as mentioned above, strictly 
applicablc to lurnpcd circuits, but ma.ny experimenters fora first approxi-
1nation are contcnt to e1nploy the1n for the open circuit as \'vell. 

So1nc confusion has existed regarding the coinputation of the ~rave 
lcngth of the antenna circuit, "vith or ~?ithout a condenser or a loading 
coil at thc base. · The matter has been cleared in Bureau oi Standards· 
Bulletin No. 74 and should be consulted by the reader. 

In the first placc, ~?e may assume a uniform current and voltage 
distribution throughout an aerial, a condition 'vhich does not exist in 
practice, becausc of the high frequency of thc currents employed. Gen­
crally tbc currcnt is a maximum at the base or grounded portion, and 
zero at the top or free end. Conversely, the voltagc rcaches a maximun1 
at the top or free end, and is zero at t.he earth connection. 

Ho,~levcr if Lo is tbc inductancc of t.he .fiat-top portion f or uniform 
currcnt distribution, and C0 the capacitance for uniform voltage distri­
bution, and an inductance Li is inserted in the lead-in, for1nula (22) ex­
pressed precisely reads as follo,vs~ (The lead-in is assu1ned to be free 
fro1n inductance and capacitance except thc inductance of L i). 

or 

(25~ 

Here K is a correction term (first given by D1". Cohen), the rafio of 
the inductance of the loading coil at the base to thc.distributed inductance 

of the antenna. Valucs of K for various ratios of f ~ are given in Fig. 18. 

Now, if thcrc is no lun1pcd inductance at the base, i.e., the antenna 
has purely distribu ted inductance and capa.citance, 

~=O; and from Fig. 18, K = 1.57 

hence 

or 

(26) 
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TABLE I 

Lt L! 
Lo K La K 

. 
o.o l.571 3.1 0.539 

.1 l.429 J.2 .532 

.2 1.314 3.3 .524 

.a 1.220 3.4 .517 

.4 1.142 3.5 .510 

.. 5 l.077 3.6 .504 

.6 1.021 3.7 .4977 

.7 0.973 3.8 .4916 

.8 .931 3.9 .4859 
·.9 .894 4.0 .4801 
l.O .860 4.5 .4548 
l.1 .831 s.o .433-0 
1.2 .804 s.s .4141 
1.3 .779 6.0 .3974 
1.4 .7.57 6.S .3826 
1.5 .736 7.0 .3693 
1.6 .717 7.5 ..35'74 
1.7 .699 8.0 .3465 
1.8 .683 8.5 .3366 
1.9 .668 9.0 .3275 
2.0 .653 9.5 .3189 
2.1 .64() 10.0 - .31U 
2.2 .627 Il.O q2972 
2.3 .615 12.0 .2850 
2.4 .6-04 ....._ 13.0 .2741 
2.5 .593 14.0 .2644 
2.6 .583 1s.o .2556 
2.7 .574 16.0 .2476 
2.8 .564 17.0 .1402 
Z.9 .556 18.0 .2338 
3.0 .547 19.0 .2277 

20.0 ,2219 

--
FIG. lS. A table of constanb showing the values of K for vnrious ~ntios of Ll /Lo where L1 tbeinductance 

of the antenna. ayst..em and Lo=the inductance of a loading coil at t ho baso. 

The ab ove formula to correspond 'vith (23) should read 

~ =38-Y L C 

and to correspond with (24) 

~ = 1200" LC 

(27) 

(28) 

Formulae (26), (27) and (28) are the expressions fora plain aerial circuit. 
It has been shown that wave length co1nputations of loa.dcd antennae, 

using the formula for lun1ped circuit.s, are suffi.ciently accu1·ate when C 0 , 

the . capacitancc of an aerial for uniform voltagc distribution, is en1ployed 
as the capaci tancc f or al terna ting curren ts of any f req uency. B ut Lo, 
the inductance for uniforn1 current distribution, is not the inductance far 

any frequency.* However, ~0may be takcn as the inductance for alter: 

nating cUITents, and the two values (Co and f) may then be inserted 

in the formulae (23) or (24). \vith practically as accurate i"esults as are 
obtained from thc use of for1nula (25). 

• Seo uRadio Tnst.rurnents and 1-:feasuremcnt.B,' 1 pp. 69 to 81. 
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Hcnco, if Li is the Io,v frequency inductance of the loading coil at the 

base of the aerial, ~o the lO'w frcqucncy inductance of tnc antenna itself, 
tJ 

anò C0 its capaci tau ce, w·c may use the relation 

>. =59.6 ~ ( L1 + ~') Co (29) 

If L1is3~ times ~0, the above formula is within a negligibk perccntage 

as accurate as formula (25). 
If thcn \VC call La thc lo\\7 frequency inductance, Ca the low frequency 

capacit.y, and Li the lo\v frcquency inductancc of the loading coil, 
formula (29) becomes 

{30) 

ln generai tbc lO'w frcqucncy valuc for the inductance of .a coi! may be 
used f or ali f requcncics. 

As ·will be sho\vn on page 297 fortnula (30) may be employed to 
determine the effective inductance and capacity of an acrial by inserting 
t\\ro loading coils at the base and noting the corresponding \Vave lengths 
on a wave meter. This data is then substituted in formula {67) page 297 . 

DATA FOR THE AMATEUR TRANSMITTER.-The buildcr of 
amateur appa.ratus dcsires to determine the electrical dimensions of the 
inductances and capacitics in the closed and open circuits, and the \Vind­
ing data and core dilncnsions of the high voltage trans1nittcr. It is the 
intent.ion to show first, in an elementary ·way, ho\v thcso values are 
:related and thcn to describe in detail the construction of the actual 
apparatus. 

The ma.gnitude of the e1ectrical constants of the amateur's transmitter 
are limitcd to certain valucs by reason of the enf ore ed use of the 200 
n1eter \Vave. Haphazard design and construction is not pcrmissible, if 
maximum efficiency is thc goal and the la,v is to be obeycd. 

Tako first the matter of power consumption in the transformer cir­
cuits. As a first consideration we want the condenser C of Fig. 13 for 
amateur \vave lengths, to be just as large as possible in order that the 
set \vill absorb a fair amount of po\ver at comparatively low voltages. 
Thc cncrgy taken by thc condenser circui t may be com putcd by the 
following forinula: (T'his equation does not take into consideration cer ... 
tain transient phenomena in spark gap circuits and rcquires considerable 
modification in practice). 

Lett.ing W = po,vcr in watts, E= spark voltage in kilovolts, N = spark 
frequcncy (twice the frequency of the charging current), and C =capaci­
tance of the condenser in n1icrofarads, then 

(31) 
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Say then that in Fig. 13, the transfor1ncr potcntial \Vith the condensct 
connected is 20,000 volts~ the spn:rk frequency 120 cycles (po\VeJ' frc­
quency = 60 cycles) and the capac1tancc of the condcnser, 0.01 1nicro­
farad, then 

W =O 01X20'2X120 = 240 watts 
2 

and if N be incrcased to .500 cycles; 

"V- 0.01 X202X1000 _ 2000 tt 2 k r. - - 2 
~ wa s or w. 

This shows that, all other conditions rcrnaining equa.I, the pO'wer 
increases ·with thc frequency of thc chargìng source"". Actually the 
po-we1~ ma.y excocd or be less than the value given by the above fonnula · 
for one thing w·hen the condenser discharges across the gap, the trans~ 
for1ner is on ::,hort circuit, and ·whether this \vill cause it to dra'v n1ore 
power depcnds upon the amount of inagnetic leakage in tho transformcr 
circuits and \vhcther or no the transformcr operates at resonance. 

It ·will no\v·be clcar that at the \va ve length of 200 meters, and 'vith a 
current source of 60 cycles, the a1nateur cannot utilize the poi..ver input 
of 1 k\V. permitted by Ia,v, unless very high voltages are employcd. For 
the maximu111 condenser capacìtance that n)ay he employcd for 200 meter 
'vo1~king is O .01 mf d. as \vill he expla.ined in thc f ollovdng paragraph. 
Such high ·voltagcs are disastrous to insulation and require a.n· abnormally 
long spark ga.p which tends to puncturc the dielecti~ic of the condensers 
and leads to all-around inefficienèy .. 

To find the capacitance of the secondary condenser f or· a given po"tver, 
voltage, and frcquency, 've inay transpose formula. {22) viz; , 

2W 
C=­E21V (32 ). 

As an exarnple lct E= 15,000 volts, N = 1000 sparks (500 cycles) . and 
Hl = 500 watts, find the required capacity. 

2X500 
C 152X1000 =0.0044 mfd. 

DETERMINING THE INDUCTANCE -OF THE PRIMARY OF 
THE OSCILLATION TRANSFORMER.-The prirnary of the oscilla· 
tion transforme1~ requires an inductance of at least 1000 centimeters to 
transf cr an eff ective arnount of energy to the antenna circuit. The 
following .computation ·will show that 0.01 mfd. is the maximum per ... 
missible capacitance in the closed circuit for the 200 metc1· ,~.rave. 

•.Ae.suming synchronous disrba:rges. 

I t _I e 

·' 
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Letting 0.01 mfd. = the cap~citancc of tho condcnsor, Jet us determine 
the value of L in Fjg. 13. L in practice should not be less than a single 
turn of wire of not too small diameter. Transposing forrnula (23) 

or 

)\.Z 

L= 3552XC 

200~ . 
L=3552 XO.Ol = 1126 <>,cnfamctcrs 

= 1.12 znicrohenries = 0.00112 millihenry . 

(33) 

This in practice, as '\vill be found by inductancc co1nputations, ineans 
that the connect.ions between thc condonscr, spark gap, and prirnary 
inductancc of the oscillation transfonncr n1ust be extrcn1cly short, and 
that thc average arn.ateµr' s oscillati on transf or111er could not ha.ve more 
than one small turn of \VÌre in t.hc primary. Thc capacity, 0.01 tnicro­
farad, obviously is thc highest value for the closed circuit condenser tha.t 
thc arnateur can use. 

A condenser of 0.01 inicrofarad requi1·es such cornpact mounting of 
the appara.tus t.o kcop thc inductance of the connecting Ieads in the 
closed oscillation circuit at a minimtun, that it is more practical to re- · 
duce the . capacitance to, sn.y , 0.008 inicrofa.rad. Then for the 200 meter 
'vave the primary inducta.nce, 

200~ r • • 

L = ;j552 X 0 . 008 = 1407 centimeters , 

a slight increase over thc forn1er case permitting thc use of longer leads 
for c~nnecting up the apparatus in thc closod circuit. · 

CALCULATION OF CAPACITY.- To dctermine the capacitancc of 
a. condenser such as used in spark gap circuits, we rnay use t.he formula, 

C =0.0885 K §_ 
r 

(34) 

\Vhcrc C is measured in the unit rnicro-microf a.rad ,vhich ÌB --1-~ 
I,OOOJOOO 

of a microfarad (mfd.) = l,OOO,OO~,OOO,OOO farad that is, a micro-micro-

1 
farad= 1,000,ooo,ooo,oòo fa.rad 

S =surf ace area of one plate in square centimeters 
· r = thickness of dif~lectric in ccntirneters 
K =a constant- the inductivitv of the dielectric 'vhich varies with 

t.he insulating matcrial as in the follo\ving table. 
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Table II 

Diel~trlc 

FJint glass, double extra dense . . . .... .. .. ... .....•.....•........•.....•... . .. . 
" M very dense . . . . - . . . .. _ , . . . . . .. - - - .. ........................... ___ . .•. 
" • ligh t "" + " • • • • • • • • 0 

• • " • lo • • "' • • • • • + • '" • I I I I • • • • • • , • • • • • • • o • o o o .,. o + • ... I I ,. • 

• M v ery t igh t . . . . . . , . . . . . . • . • • . . . . . . . . . • . • . . . • . .. , . . • • . . . . • . ....•.•.• . 
Mica. s heet, pure .. . . .. ..... - . • .... , . ....• 4 • • • . ..... ............. ... ........ ... ....... .. 

Glass, common (radio frequency) ... . . .... . .......•.•.... .• .... .•....•.•. ... ...•. 
" " (audio f requency) .... . . . .. - . . . • .. · . .... . . ...... .. ........ .......... . . 

Paratlì.ned _pa per. . . . . .. • . .. 4 • • . .... ~ • • • ••• " . ...................... . .................. . 

Ait at ord,nary pressure (standard) . . . .•........... . . ... ... .......... .. .. .... .. 

Value of K 

10.H? 
7.40 
6.85 
6.57 

4.00 to 8.00 
3.25 to 4.00 
3.02 to 3.09 

3.65 
1.00 

Fra. 19. Table showing the indu<'tivHv eom1tu.nta of va rious die1cctric substancos. This table i~ uaeful 
in the calculation or condenser capac·itìes. 

An average value of J( for ordina.ry glass is 6. 
Let lL~ take a pane of comn1on gla.ss 14 /1 x 14" )' cover it on both sides 

with tin or lcad foil 12" x 12" and calculate its capa.city by the foregoing 
f orrn ula. Remen1bering that 1 inch = 2 .54 ccntimeters: 

S = (12X2.54)2 :::::929 
r::::: {;!1 X2.54) = 0.317 

K=6 

C =0.0885 X6 x0~~~7 =1554 micromicrofarads :::::0.0016 mfd. (approx.) per pl~tc. 

Five pla.tes in para1lel=5X0 .0016 =0.008 mfd., the capacitancc 
desired as in the precedi ng paragra ph. If the potenti al of the trans­
f ormer excceds 15,000 volts, a serics-parallel conncction must be 
employed. 

For t'vo condensers in series, 

C = 
1
- (35) 

.!.+..!:.. 
C1 Ci 

~1here C1 and C2 are the total capa.city of each bank. This formula 
ìndicates that the capacity of two equal condenser banks in series is 
one-half that of one bank. Therefore with the series para.Ile} connec·· 
tion, the number of plates used in a simple pa.rallel connection must be 
1nultiplied by 4 to obtaìn the same capacity as that of a single bank. 
That is, we must makc 20 platcs of tbc above dimcnsions, place 10 
plates in parallel in each bank and conne·ct the two banks in series. 

Following formula (35), 

C = l l l - ~ = 1X2,;. ~~~ O .008 mf d .. 

0.016+-0.016 0.016 

If the conducting surf ace of the condenser A and the thickness of tbe 
dielectric tare expressed in inches, formula (34) becomes 

• 

1010==10,000,000,000 

C = J(. .A. 2248 
tx1010 

e = capacity in microf arads 
A = area of the dielectri~ (between conduçting sq rf~oes)"" in squ~re in eh es. 

r 

(36) 
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Owing to thc diffcrcnt values of J( for various grades of glass, the 
value of C obtaincd by (34) or (36) \vill only be correct \vhcn K is ac­
curatcly kno\vn. For the closed oscillation circuit the inductancc of 
the primary L may be variod slightly until the desired frequency is 
obtained (note formula (4) page 24) and any inaccuracies in the capaci ... 
tance computations may thus be cornpensatcd for. Thc arnateur may 
employ (34) or (36) for calculating the ca.pacitancc of condcnscr plates of 
other dirnensions. 

For a condenser of any numbcr n of sìmilar plates) alternate plates 
conncctcd in pa1·allel, forrnula (34) bccomcs 

C=0.0885 K (n~I)S 
1' 

(37) 

For Y2 kw. 500 cycle transmitters, C is usually 0.006 n1fd. For 
~ k·w. 500 cycle transmitters, e is generally 0.004 mfd.; 0.008 mfd. is a 
good average for the arnateur set operated from 60 cycles at powers 
between % and 1 kw. 

In su1nmary, it is no\v clcar that if the capacity C of thc closcd oscilla­
tion circuit for any givcn \vavc lcngth is first determincd upon, L inay 
be foun<l by f orrnula (33) hcrc repcated: 

If L is decided upon for any given wavu 1ength. (! is found by thc 
~~~~= . 

).2 
C=3552XL {JS) 

!Àssum e ). = 200 rncters and L = 3000 cms. Find thc val ue of C. 

2002 
C =3552 X3000 =~.0037 n1fd. 

DESIGN OF THE OPEN OR ANTENNA CIRCUIT.-The induc­
tance and the capacitance of the plain aerial circuit without a coil or 
condcnscr at the base, are distributed throughout· its length. Assumo 
an aerial, "'\:vhich as determined by measure1nent, has inductance of 
50,000 cms. and capacitance of 0.0005 mfd. Accordìng to the Cohen 
f orrnula (27), 

À=38 v50,oooxo .0005 = 190 1netere. 
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In case a loading coil is inscrtcd at t.he base to raisc the \va.ve length, 
lVe inay use the fonnula (30) for ltunped circuits, being surc to dra\v tbc 
distinction bet,vecn the inductance for unìfor1n current dìst.ribution a.nd 
the inductance for low· frequcncy alternating currents : that is, in (30) 

Lo L 3= a• 

Assume for an amatcur1s aerial, Li thc sccondary of tbc oscillation 
transformer = 10,000 cms.; La, the lo\v frcquency inductance of the 
antenna.= 17 ~500 cms:; and Ca the capacitancc of the antenna =0.00041 
mfd. Then from formula (30) 

1=59.6 v (10,000+17,500) X0.00041 
=59.6 v 11.27 
= 200 meters approx. 

W e inay, as a ma.tter of illustra ti on, com pa.re tbc Cohcn wa.ve length 
for1nula for the open or antenna circuit ·with the formula for lumped 
constants (30). 1'ake, for exa1nple, a fiat top aeria.1 40' in height 1 60' in 
length, composed of four 'vires spaced 2'. Accordìng to tbc ta.ble in 
Fig. 20, 

L-0 =35,000 cms. 
Co == 0.000258 mfd. 

For the fundamental lvave length a.cc9rding to (25) 

-... - 59. (} _, L C 
~--- ·v () o K 

Sincc there is no lumped inductance at the base fo.,;o, and from the 
; 

table Fig<> 18, J( = 1.57. Hence, 

59 6 _/ _,-
À=1 .61 = v 0 .. 000258X351000=38 ·v U.03=115 mctcrs (approx .). 

Lct us now inscrt n. coil of 10,000 centimcters at the base. Then 

fo= i~:~~~ =0.286. From the table Fig. 18 !( = 1.21 (appro'!'. .). 

Then, according to the Cohen formula, 

). = 
59 · 6 -V 0.000258 X35,000 =139.5 meters (approx.) . 
1. 21 
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Ac0ording to formula (30) 

Ca =O .000258 mf d. Hcncc, 
f. =59.6 v'(10,000+ll,6GG) X0.000258=141 mcters (approx.) . 

The result disagrces \vith thc Cohen formula by less t.han 2 meter . 
:For larger Ioading coils at thc base thc errar bccorp.cs proportionatcly 
lcss as \vill be found fron1 f urthcr use of the table FìgG 18 . 

. 
DETERMINING THE SECONDARY OR ANTENNA LOADING 

INDUCTANCE FORA GIVEN WAVE LENGTH.-Taking the antenna 
of the dimensions cited in the previous paragraph, ·we inay detennìne 
the a1nount of lu1np d inductance to be inserted at the basc 1 in arder 
that tbc antenna \vili radiate at 200 mctcl's. 

llerncrnbcrìng La= 11,666 cms.; Ca= O .000258 mf d . and by trans· 
posing (21) 

-x~ 

Lt= 3552 Ca -La (39) 

I!ence 
2002 

Li= 3552 XO.OOOZ5S -11,666=32,483 cms .. 

10,000 cms. could be allottcd to the secondary coil and the lemaining 
22~000 cms. to the .acrìal tuning inductancc or loading coìl. 

DETERMINING THE WAVE LENGTH OF AN AERIAL FROM 
ITS DIMENSIONS .. - It is scarccly worth ,vhile for the amatcur ·to 
calculate the \va ve length of an antenna froin its diinensions. Elaborato 
and intricate equations bave bcen dcveloped for deterrriining the capaci· 
tance and inductance of aerials per ccntirneter length, but they are 
labo ous and do not take ìnto account th effect of locai obstaclcs, such 
as trees, buildings, roofs, etc.) all of \vhich rnake such computations 
son1owhat inaccurate. 

If the reader ooubts this, Jet him refer to t.he tuning records of the 
lVIarconi Company and note tl1e \videly diffcrcnt \Vave lengths obtaìned 
fron1 antennae of nearly identica} dimensions. rrhe cquations, are based 
upon ideal conditions \vhich are not found in practice. l\/Ioreover thc 
disposition of the lead-in introduces an unccrtainty into the '\.vave length 
equation. 

There is a simple rule for calculating the 'vave length that applies 
roughly to flat top aerials. If the antenna \VÌres are spaced no more 
than 3', multiply the total length of the antenna by 4.7 ~ Thus, if the 
tota' le!l~th. of thc aeri~1 frQP.! th.P, ~a.rth platc to the free ond is 100', 
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thc 'vave length . 100X4.7 =470' .. And sin ce 1 ineter ;;:: 3 .25', 4 70 
3.25 

= 145 meters approximately. In other words t.he total length of the 
aerial in feet multiplied by the factor 1.44 will give the wavc length in 
mcters. This rule of course does not take into account a loading coil 
a.t the base. It is simply a crude determination of the fundamental 
\Va ve length. 

I 40 ft. 
H ft. 

e mt. L cm. 

30 .000186 22430 
40 .000190 28900 
60 .000213 42180 
89 .000241 55410 

100 .000268 69000 

Tabte III* 
HORIZONTAL LENGTHS 

60 ft. 8() ft. 

e mf. L cm. e mf. L cm. 
-

.000252 28230 .000331 34-010 

.000258 35000 .000324 41100 

.000276 48800 .000337 55460 

.000300 62400 .000360 69320 

.000325 76260 .000382 83500 

I Gift. 120 ft. 

L cm. e mf. L cm. 

.000395 39770 .000456 45610 

.000392 47200 .00()459 53310 

.000400 6.?090 .000463 68700 

.000418 76300 .0004'78 83300 

.000439 90'750 .000496 98020 

Fro. 20. Tnble giving the tot.al induct~mce and capncìtancc of 4-wìre a.orisls of the invGrtGd "L" type. 

Table IV* 
IIORIZONTAL LENGTHS 

60 ft. 80 ft. 100 ft. 120 ft. 140 ft. 
H ft. 

e mf. L CD1. e mf. L cm. e mt. L cm. e mf. L cm • e mt. L cm. 

30 • 000252 15050 .000334 16530 .000395 18000 .000456 19480 .000555 20950 
40 .000258 21000 .000324 22580 .000392 24150 .000459 25740 .000528 27320 
60 .000276 33790 .000331 35460 .000400 3"7150 .000463 38820 .000522 40500 
80 .000300 46530 .000360 48330 .000418 49850 .000478 51870 .000538 53630 

100 .000325 59870 .000382 61690 .()004.39 63430 .000496 65340 .000553 67180 

. 
160 ft. 180 ft. 200 ft.. 240 ft. 

H ft. 

e ml. L cm. e mt. L cm. e mt. L cm. e mf. L cm. 
---

30 .000629 22430 .000702 23900 .000715 25380 .000923 28330 
40 .000599 28900 .000664 30500 .000'731 32050 .000867 34120 
60 .000582 42180 .000645 43860 .0000'06 45550 .000830 48890 
80 .000597 55380 .000654 57190 .000713 58950 .000831 62490 

100 .000610 69()00 .000667 70840 .000724 72680 .000838 76310 

Flo. 21. Ta.ble ~ving the total inducta.nce and ca.pa.citance of 4-wire 41Ttt aorìals. 

It is prcferablc in any case for the amateur to purchase a calibrateci 
wave meter. By mea.ns of this instrument he can measure the funda­
menta.l 'vave length in a fe\v minutes 'vith greater accuracy than it can 
be calculated; and moteover, he can rneasure thc inductance and capaci­
tance of his aerial in a much shorter time than he could calculate ìt. 
This data enables hìn1 to detcrn1ine the required antenna inductance for 
any desired wave length~ 

*Calculated by fortnulae gi\"en by G. W. Howc, J...onùon E~e<>trìcian, Auguat and SP.ptember 1914~ 
A siniple expfo.nation of Howe·s formulae .!:tppcar~ on pa.get> 46 to 61 in thc boo"'- • •culculation ~Pd ?vlef\B­
ureme~t of Induetllnce and Capacityn by \V. H. Nottage. 
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Thc experi1nenter intcrested in making the calculation of the in ... 
ductance and capacitance of the flat top portion of an aerial should con­
sul t pages 24 7, 248, 249, a.nd 250 of Circular No. 7 4, * Bureau of S tan­
dards, giving formulae for calculating the inductance per centimeter 
lcngth of the flat top portion of an antenna; and on pagcs 239 and 240 
he \Vill find formulac for determining the capacity of the fiat t op per 
ccnthneter lcngth. The inductance ca1culations involve the determina­
tion of the inductance of a grounded horizontal '\vire, then the mutual 
inductance of t\vo ground parallel V·t"Ìrcs, and finally the inductance of 
Ar grounded ·wires in parallel. The value so obtaìned is the inductance 
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Fra. 22. The wa.ve lengths of 4-wire "L" aerials with no loading a.t tbe base. 

for unif orm cu1Tent distribution. When a loading coil is insertcd at the 
base of the antenna and the formulae for the 'vave lengths of lumped 

· circuits is employed, the value of L deter1nined as above, divided by 3, 

that is ~' eliminates the error which otherwise would exist when using 

the formula for lumped ci~cuits 1 viz., x =59.6 .Y L C. 

• Entitled ''Uadi() Jnst~mentis und 1\:fea.surerneots." ·wire!css P ress , Inc.t 233 Bro~wsy. N Y, 
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WAVE LENGTH TABLES.-Employing the formulac dcveloped by 
G. \V. Ho'\ve for <letcrminìng the capacìt ance and inductance of horizontal 
aerials, A. S. Blat tcr1nan has prepared tablcs giving thcse values for 
four-·wirc -\nvcrted '{ L,' and ' 'T" aeria.Is, composed of 4, No. 14 wires 
spaced 2' apart. For t he L aerials, the table in Fig. 20 covers heights 
from 30' to 100' and lengths from 40' to 120'. Far the "T'' aeria.ls, the 
table in Fig. 21 covers heights from 30' to 100' and Iengths from 60' 
to 240'. 

'fhe curves of Fjg. 22 show the fundamental wave lengths of "L'' 
aerials without a loading GOil at the base, and thosc of Fig. 23 the \vave 
lcngths of the sarnc acrials \Vith 10,000 centimetcrs at the base. Thc 
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FlG. 23. The wave lcngtha of 4-wire " L" aeriaLs wi th n. loading of 10,000 eentìmeters at the ba.se. 

value of 10,000 centimctcrs may conveniently represcnt the secondary 
inductance of the oscillat ion transforrncr. Fig. 24 gìves the funda­
mental \\rave lengths of "T" acrials of various dimcnsions, and Fig. 25 
thcir wave lengths with 10,000 centirneters at the base. , 

'rhese data do not check up identically \vith thc practical antennae 
of thc given dimensions ~ but t.he figures are sufficiently close for approxi-
1nate computations. 
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The cttrves ot Fig. 23 are perhaps of t hf' inost value to t hc a1nateur 
\vho has not yet erccted n transrnitting acriu1) · for thcy give hi1n the 
\\~ave lengths of "!./' acrials of different hcights and lengths with a 
loading coil of 10 ,000 ccntuneters a.t t he base . 
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FIG. 24. The wavc lengths of 4-wira uTu aerials with no loading at the base. 

DIMENSIOiiS OF AERIALS FOR 200 METERS .. - It \vili be found 
·from t.he curve Fig. 23 that four ·wire '' L'' aeriaJs, with 2 foot spacing, of 
ihe follo-wing dimcnsions \vili radiate at 200 meters, \Vith 10,000 centi .... 
meters at the base. 

TABLE V 

Length o! fia t top 

107.5 fcct 
1(,0 " 
82.5 Il 

66 " 
47.5 " 

Height 

30 feet 
40 " 
60 " 
80 4 

100 ~ 

Fm. 24u.. Dimcnsions of R.erinls suitablo far 200 meters. 

ROW TO CALCULATE THE INDUCTANCE OF AN OSCILLA­
TION TRANSFORMER.- Rcferring now to Fig. 26, there is sho\vn 
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diagram111atically t he .fundamental circuìts of the amateur's \VÌreless 
transmitter, inarked ·with the values of inductance and capacity in t4e 
closed and open circuits \Vhich \vill cause these circuits to resonatc at a 
frequency equivalent to 200 rneters. Let the beginner understand that 
othcr values of inductance and capacitance \vill also afford the wave 
length of 200 meters as should be clcar fron1 the curves of Figs . 22 to 25. 
These particular values "\\'"ere selectcd to sho·w the method of cornputation. 
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Fio. 25. The wn.ve lengthsof 4-wire "T'' aerials with a loading of 10,000 centirnetcr.s at the base . 

As an illustrative example let us detern1ine the dimensions of in­
ductanccs L and Li in Fig. 26 to equal 1400 and 32,480 centimeters 
respectively. If t11e mean diameter and l,ength of a coìl are first 
decìded upon and the inductance requircd is known, we tnay determine 
the required numbcr of turns by t1·ansposing the inductance formula to 
f ollow. But rather than do this a primary and secondary coil \vill be 
sclccted \Vhich a.re known to be near to the inductance desired and their 
inductances co1nputed in accordance with thc for1nula. This will show 
the experimenter how to use the formula so that he may calculate thc 
inductance of any prirnary and sccondary coìls he may have at hand. 
One or t'\vo tria] cornputations "\vill reveal the correct dimensions for any 
given inductance in practice. 

N agaoka's formula f or co1nputing the inductance of coils may bo 
ex prcssed as f ollo,vs ~-

• 
(40) 

•, 

f 
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L = inductance in centimeters 
a = 1nean radius of the coil in centimctcrs 
n = totn.1 number of turns 
b = cquìvalcnt lcngth of coil in centimeters 

K f . 2a 
= a actor varymg a.~ b 

- ....._ 
14,0ll (M.S 

®. l 
/\ " ZOO METl~~ 

3?4-BO CM.~ 

200. MtTE R"; 

ss 

Frn. 26. Showing tbe electrical conatants of the closcd and open circuita of t he amateur transmitter for 
t he wave lcngth of 200 inetcrs. 

The values of K for the ra~io ~ appear in Fig. 27 (takcn from page 224, . 

Bureau of Standard8 Bulletin No. 169, Vol. 8, No. I). 
Adopting a coil of diinensions \vhich is known to be suita.ble for the 

primary of Fig. 26, \Ve '~ill makc it of three turns of copper tubing 3-i" 
in diamctcr ~ as a conductor of lo'v resistance is cssential to this circuit. 
The mcan diameter will be 7" and the distance from cent er to center of 
each turn will be l 11, that is, t~e pitch of the winding is 1 ''. 
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FtG. 28. Sho~ing how thc dimensiona of a. coil nre rela.ted to Nagaoh's and Lorenz'i inductsnce formulae. 

Fig. 28 shows how the dimensions of the coil aro connected with the 
formula; a, the n1ean radius is the distance from the center of the coil to 
the center of the wire; 2a is the n1ean diameter; b is the overall length 
w hich is n X D, where n is the " rhole num ber of turns and D the pi tch 
of the winding .. 
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'rhe pitch of thc coil above is 1 ", that is, it is 1" fro1n the ccntcr of 
wirc No. 1 (Fig. 28) to :wjre No. 2. Tho. "cquivu.lcnt length" is thcrc­
f oro 3 X 1 or 3 11

• 

Using thc notations in forinula (40) a.nd remembering that 1 11 =2.54 
c1ns. 

n=3 
b = (3 X2.54) =7 .62 
a= (372X2.54) =8.89 

47r!=39.47 
2a 7 
1) = 3=2.33. 

Entering Fig. 27; following thc line lea.ding from the notation 2.33 
in the B colu1nn to curve B, and thence do-wn\vard to the horizontal 
a.xis ( using the B notations), ""e find 2.33 =O .49 (approx .) the valuc of K. 
Hcnce. 

~ 

L==39.47X (S.8;~~;(3) 2 X0.49=1805 cms. 

a valuc in exccss of the desired primary inductance but preferably so, as 
\vill be explaìned. 

USE OF THE CORRECTION TERM.-The inductance computed 
by fo1:mula (40) is termed the "current sheet~' inductance, based upon 
the assumption of a coil 'vound' \vith ìnfinitely thin tape, the turns of 
\vhich touch but are not in electrica1 contact. The "current sheet'' 
length of a coil is equal to the 'vhole number of turns inultiplìed by thc 
pitch of thc \Vinding. Dr. Rosa has given a correction f a.ctor f or the 
practical coil, \vhich is negligible \vit.h some coils and important with 
others . 

The result obtaineg by formula (40) is sufficic~tly accurate for the 
amateur's needs, but if be desircs grca.ter prccision he should n.pply tho 
correction formula, the use of \vhich follo\vs: 

Letting 
; 

L. =current shect inductance as in (40) 
L =true inductance 
Le. =the correction va.tue, then 
L=La-Lc. 

In other words, Le 1n ust be su btracted f rom L, as o btained f rom ( 40). 
Now 

Lc=4.-ir a n (K2+ Ks} (41) 

Here, K2 is a const~nt /; 1 where D is t~c pitch of tbc winding (the 
. . 

distance from ccnter to center of successive turns) a.nd d the diameter of 
the wirc. K2 takes into account the difference bet\veen the true induct-
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ance of a turn of wirc and that of a turn of the cu1Tent sheet: Ka is 
another constant, which dcpends upon the difference in the inutual 
inductance of the turns of a practical coil fron1 that of the current sheet 

inductance. In Fig. 29, K2 is plotted against the ratio of {; and in 

Fig. 30 1 K3 against the number of tu1~ns. It should be noted that K2 

.. 
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n1ay be positive, negative, or zero. To the left of the zero line Fig. 29 
it is negative, to the right 1 positive*. · · 

Applying formula (41) to the problem just '\VOrked out ~re have 

first ~ =0.25 and from Fig. 29, 

Hence 

K2=-0.8 (note negative sign) 
n = 3 and, thcreforc, from Fig, 30, K s =0.175 (approx.) 

4Jr = 12.5B6 . · 

Le = 12 .. 566X8.89X3 (-0.8+0.175) 
Le= 12.566 X8.89X3 (--0.625) 
Le= (-208) eros. 
L=~Lc=1805-(-208) =2013 CIUS . 

The value, 2013 centimeters, is· too large, for according to the previous 
calculations the inductance of the prin1ary L should not exceed 1400 
ccntimeters. Moreover, 400 to 500 ccntimeters must be allowed f or the 
connecting leads leaving about 900 centimetcrs (0.9 microhenry) as t.he 
a~tual inductance of the prirnary L, Fig. 13 or Fig. 26. This '\Vill mean 
in practice that not quite t·w·o turns of the prirnary of the dimensions \Ve 
ha ve selected can be e1nployed, f or J\. = 200 meters. But it is well to ha ve 
an addit~onal turn Or lÌlOre, as Ìt is doubtful if the amateur. by using 
formula (34) can predeterrnine the dimensions of a condenser to nave 
the exact capacitance of O .008 mf d., be cause of the different inductivity 
values of various grades of glass. · · 

The exact position of the tap on L in Figs. 13 or 26 for .200 meters can 
easily be found by a wavemeter, but it is of considerable advantage to 
be able to predetermine the approximatc number o~ turns required before 
going about the construction. The amateur inay use fo1~mula (40) to 
calcula.te the inductance of any primary or sccondary coil he ha,s at 
hand, whether used in the transmitting · ot receiving I'adio f1'equency 
circuits. ·· . ·. 

DETERMINING THE ANTENNA lNDUCTANCE.-,Ve have shown 
t.hat approximately 32,000 centimeters 'vere required at the base of the 
aerial in Fig. 26 to raise its wave length to 200 meters. \Ve inay assign 
part of the inductance to the secondary oj the oscillation transformer and 
the remainder to the ae1ial tuning inductance. We 'vill allow 10,000 
centinieters for the secondary and 22,000 centimeters for the aerial tuning 
ìnductance. 

The primary.coil as already determined consists of three tmns, spaced 
1 11 from center to center and 'vith a •nean diatncter of 7 ''. The secondary 
may be large1~ in diameter, or smaller, or the same size. It is ra1·ely 
necessary to build the oscillation transfo1·rncr so that tì1ese two coils are 
telescopie. Sufficient eoupling is gencrally provided ,vhen the c.oils 
are placed "end-on." 

We will arbitrarily roake the secondari coil of the same.n1ean diarn­
eter, 'vith a smaller conductor and less spacing between turns. \Ve ·will 

*Ynlu~s of K 2 and Ka 1nay be interpolated from pa,llc 2~ 4 '~ndio Instrmnent.s a.nd Me.o.st1r(lmcmts.' 1 
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use a secondary coil of 10 turns of ;{s 11 copper tubing, with a pitch of .?4 '' 
and a mean dìan1eter of 7 ". 

Using formulac (40) and (41 ), 

equivalent length =n XD =lOX~ = 7%" 
n= 10 turns 
a = (3Y2X2 .54) =8.89 cms. 
b = (7).1X2.54-)=19.05 cms. 

2a 7 
b=7 .5 =0 .933 

]{ =0.703 

L - ..... 9 47X 8 ·892X l0
2 

XO 70 ... -11 509 
-ù · 19.05 · ..>- ' cms. 

For the correction terin using formula ( 41) 

47r=l2.566 
a =8.89 ems. 
n=lO turn.s 

~=o .1875 =0 z:-
D 0.75 . +.>. 

K~=0.266 

Thcreforc Kz=-0.8. 

Le = 12.566X8.89X10 (-0.83+0.266) 
= 12 .566XS.89X10(--0.564) 
= ---628 cms. 

L= 11509-(-628) =12,137 cms. 

This value is too high but it is we 11 t.o ha ve an extra turn or more to 
make up for inaccuracies in other computatìons. . 

The primary and secondarY"coìls of the amateur transmitter need not 
ha ve the overall din1cnsio ns gi ven, vi z., primary 3 1' x7 " and the secon­
dary 7 "Y;."x7". Other diameters, spacing~, and lengths are satisfac­
tory. These din1ensions \vere selected princi pally to indicate the method 
of computation. Thcy a.re, however, correct for an amateur's trans­
mitter. The spacing bet"ween turns should not be reduced unless insu­
lated \\'ire is employed, or the secondary voltage of the power trans­
i ormer is less than 10 ,000 volts. 

INDUCTANCE OF THE ANTENNA LOADING COIL.-It is now 
necessary to detcrmine the correct dirnensìons of a coil to ha ve inductance 
of 22,000 centìmetcrs. \Ve '\vill arbìtrarily use a loading coil of the same 
dhnensions a.s the seco!}dary but t·wice the length. The experimenter 
must underst.and that a coil t·wice the length of our first calculation will 
give more than t·wice the inductance. But as explained in connection 
\Vith the previous problcm, a few additional turns are desirable. 

Using thc prcvious dimensions in regard to spacing and diameter, 
wc will make thc aerial tuning inductancc of 20 turns of ~" coppcr tub­
ing with a windin€? pitch of % '' and a mean diameter of 7" . 

• 
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Using fonnula (40) , 

equiva.len t lcngth = 20 X~ = 15" 
n = 20 t u1·ns · 
a= (372 11 X2.54)=8 89 cms. 
b = (15 X2.54) = 38.1 cms. 

2ba = 175 = O .466 

K=0.828 
8 . 892x202 

L=30.47X 
38

. 1 X0.828 = 27,117 cms. 

For the correction factor using f orn1ti1a ( 41) 

4 1r = 12.566 
a =8.89 
.n =20 

!!_=0 .. 1875 =0 2r.: 
D o. 75 . D . 

Ka =O.B 

Therefore K 2=--0.8 

Le= 12 .566 X8.89 X20 (-0.8+0.3) 
= 12 .566 X 8 .89 X20(--0 .5) 
=-1117 cms. 

L = 27,117-(- 1117) = 28,234 cnls. 

f I.., . 
I 

The few extra turns ~·ill make up for inaccuracies due to factors 
surrounding thc antenna ·which the \vave length computations do not 
t.ake into account. 

Should the dimensions of the amateur's aerial differ fron1 those 
given in the t.ables of Figs. 20 a.nd 21, and should he dcsire to calculate 
the din1ensions of. a sccondary coil to raise the \Va ve lcngth of 200 meters, 
he should en1ploy the inductance and capacìtance of thc aerial in the 
t.ables· that correspond eloscly to the dimensions of bis aerial, and 
con1putc.as cxplained in connection with formula (39). Simple methods 
of rneasuring the inductance and capacitancc of any aerial \Vili be des­
cribed on pages 297 to 300. Aftcr the values ha ve been determincd by 
measurement, thc ncccssary secondary inductance for a given wave 
length may be computcd \Vith considerable accuracy. · 

FINDING THE NUMBER OF TURNS FORA GIVEN INDUCT­
ANCE.- Suppose it is found that for a given 'vave lcngth a sccondary 
coil of 35,000 centhneters is required. By transposing formula (40) 
vvc. may determine the required n:umbcr of turns provided we :first decide 
on tbc mca.n diameter and the length of the coiL 

From (40), 

\ 

(42) 
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'Vhere 
n ;:z: number of turns 
a ::e: mean radìus in cms. 
b =lcngth o.f ''current sheet" 

K=2a 
b 

L = inductance ì n cms. 

Since the1·e are n turns in the length b, the coil n1ust. be w·ound \Vith a 

pitch !!_. If the pitch proves to be less t.han the dia1netcr of the \Vire 1 n 
or gives a winding \vith the turns too close, the designer inust assume a 
ne'v length and try again. 

It is clcar that if tho coil is to be used as the secondary of the oscilla­
tion transforrner in a transmitting set, it inust withstand high voltages> 
and thc turns must therefore be \vell spaced. 

Let us arbitrarily take a coil of ~6'' copper tubing, wound on a for1n 
24" in length v.rith a mean diametcr of 7 ", and dcterminc thc numbcr of 
turns required for an inductance of 35,000 centimeters. 

Using (42) abovc, 

a=3%X2.54 = 8.89 ems. 
b=24X2.54=60.96 ems. 

2a 7 b = 24 =O .29. (From curve Fig. 27) 

K =0.887 
L=35,000 

411"2 = 39.47 

2 _ 35,000X60.96 _
771 n - 39.47 X (8.89)2 X0.887 - approx . 

n=.,; 771 =27.8=28 turns (a.pprox .) 

b 60. 96 2 17 o g-" b 24 . o 85 H -;= 28 = . cms. =- . :J or, -n='iS = ~ . 

That is, for an inductance of 35,000 centimeters on the a.bove form 
'\Ve n1ust \Vind 28 turns of %>"tubing, spaced 0.85" from center to center. 
This gives a.mple spacing betwccn turns for moderate voltages. 

INDUCTANCE OF A FLAT SPIRAL.-The pancake type of oscilla­
tion transformer ìs widely used. lt consists of a few turns of copper 
strip or ribbon mounted on a bakelite or hard rubber base. It offers 
the conv~nìence that a sliding contact may be moun~cd on a revolving 
arn1, by \vhich the inductance may be varied by any small fraction of a 
turn. The construction is slightly more difficul t than the plain helix 
typc and the calculation of the self-inductance rather tcdious. 

Thc following formula is applicable. For extre1ne accuracy a cor­
rection ter1n must be applied. It is purposely left out here as the error* 
V•lill not ha.rm in the practical amateur set. 

:te See pp. 26(}-261 ~·Radio !nstruments and ~teasurements . " 
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Frn. 31. Showing how the dimensions of a "pancake" coil are related to the inductance formula. 

TABLE VI 

b e 
Y1 

b 
Ya -or- -e b e 

-
o. 0.5000 o. 0.597 
0.025 .5253 .025 .598 

.05 .5490 0.05 .599 

.10 .5924 .10 .602 

0.15 0.6310 0.15 0.608 
.20 .6652 .20 .615 
.25 .6953 .25 .624 
.30 .7217 .30 .633 

0.35 0.7447 0.35 0.643 
.40 .7645 .40 .654 
.45 .7816 .45 .665 
.50 .7960 .so .677 

0.55 0.8081 ·o.55 0.690 
.60 .8182 .60 .702 
.65 .8265 .65 .715 
.70 .8331 .70 .729 

0.75 0.8383 0.75 0.742 
.80 .8422 .80 .756 
.85 .8451 .85 .771 
.90 .8470 .90 ' .786 

0.95 0.8480 0.95 0.801 
1.00 .8483 1.00 .816 

' 

Frn. 32. Table of constants for use with formula (43) for spirai pancakes. 

The following expression applies to pancake coils where b is less 
than c. 

[ ( 
~ & ) L = .01257 a n2 2.303 1+ g2a 2+ 96a2 

(43) 
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L = inductance in microhenries 
n =number of turns 
b =width of ribbon (equivalent length) 

65 

. e= n X D, where D =pi tch of the winding = center of cross section of one· turn 
to center of next turn 

d = .Yb2+c2 =diagonal of the cross section 
a=meanradius=a1+Y2(n-l)D,wherea1=72 of the distance AB, in 

Fig. 31 

e b 
- or -=y1 
b e 

from table Fig. 32. 
b 
-=ya 
e J 

Assume the coil in Fig. 31 consists of 5 turns of copper ribbon >i" 
in width, i1a/' in thickness wound with a pitch of % ". The inner diam­
e ter A to B is 4 ". 

Remembering 1 inch = 2.54 cms. the following data obtains: 

n=5 
b =7.i X2.54 =0.635 cm. 

ai= 4x;.54=5.08 cm. 

D=%X2.54=0.9525 cm. 
10 .16 

a= 
2 

+% (4X0.9525) =6.985 cms. 

e= n X D = 5 X O .9525 = 4. 7625 cms. 

~ = 4°. ·7~255 . O .1331 and from table Fig. 32 

Yi =0.6180 and Ya =0.6059 
a2 =48.79 b2 =0.4032 c2 =22.6814 
d = .Y b2+ c2 = .Y 0.4032+22.7214 =4.808 

~ = !~8~! = 1i.63. Log10 1i.63 = i.0652 

Therefore, 

[ ( 
o. 4032 22 . 6814 ) 

L=0.01257X6.985X25 2.303 1+32 X48 _ 79+ 96 X48 . 79 1.0652-0.6180 

+ 1~2 · ~~1~90.60597 J =4.3128 =4.3 microhenries (approx.) =4300 centi-
X · (meters. 

A couple of turns of this coil would be sufficient with a condenser of 
O. 008 mf d. f or the wa ve· length of 200 meters . 

. 
TR!NSFORMER DESIGN.-The following discussion deals in gen­

eralities. The author's aim is to give the amateur an insight into the 
relations bet,veen factors in transformer building. The phenomena of 
resonance and magnetic leakage are not taken into accountt 
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It is rccommendcd t.hat the amateur not skilled in electrical con­
struction or ~vith limitcd titne on hìs ha.nds, purchasc a.n assembled 
transformcr ~ It \vili proba.bly prove in ore satisfactory and n1ore effec­
tive tha.n the home-madc instru1nent, prìncipally because the manu­
facturer has thc facilities for hnpregnating the secondary coils with 
insulatìng compound "\\rhich is clone by tbc aid of a vacuum pump. 
lVIorcover, through a scries of expcriments thc manufacturer is cnabled 
to obtain the corrcct operating characteristics for a particular scrvice, 
which the gcneral formulae for tra.nsformer design perhaps do not take 
int.o -consideration~ 

~IG. 33. Showing thc construct1on of.a commercial type of cto~ed eore transformcr. This is a tranaformer 
of the ahcll t.ype the primn.ry and secondary coils b~rng wound on tbe middle leg of the transformer core. 

Actu~l details of construction and instructions for the assembly of 
thc transformer designs hcre given are treated in the chapter following. 

Advance kno\vlcdge of certain quantitics is absolutely essential in 
transforrncr design. Take, for exa.mplc, the diagrammatical sketch of 
the transformer in Fig. 34. For a given primary input, frcquency, and 
e. m .t. we wish to dc termine the length and cross sectlon of the c01·e, the 
turns in the prima·ry and seconda1·y, the sizes of the primary and sccon­
dary 'vires, and the over-all effi.ciency. 

There are two pr1ncipal cncrgy losses in transforn1at1on, viz., the 
coppe'!· losses and the core losses. Thc f ormer are du~ to the cro~s sec­
tion of the pr1n1ary and secondary t urns1 that is, thcir rcsistance, and 
the lattcr to eddy currents and hysleresis. All of thesc losscs ar~ ~ani­
fested in tbc form of beat. 

'rhe eddy currents are those \vhich are ~nduced in thc iron lamina .. 
tions by n1agnettc induction. The losses due to eddy currents may be 
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Frn. 34. Genera! construction of high voltage transformers suitable for amateur stations. 

kept at a minimum by insulating tbe heets of iron f rom one another by 
dipping them in varni b or ome other in ulating compound . Rusty 
beets of iron bave ufficient re i tance to reduce eddy current . 

T be hysteresis lo es are produced by the rapid rever al of flux 
througb the core, whicb cause molecular friction and re ult in the gen-
eration of beat. . 

Tbe quality of the iron, in o far a it pertains to it aturation point, 
has a marked effect upon the efficiency of the tran former. It is to be 
thoroughly understood that in the de ign to f ollow, the u e of the best 
tran iformer silicon steel i a umed, such as the " pollo special extra,'' 
or "Apollo special electrical." The latter i a standatd in the manu­
f acture of 60-cycle tran f orrner . The standard gauge f or 60-cycle 
work is u ually o. 29, tbe thickne s of which i 14.1 mils=0.014". 

teel of a lightly beavier gauge may be employed if de ired. 
The by tere i lo in tran f ormer cores may be calculated approxi­

mately by tbe f ollowing formula: 

KX XBi.6 
Wh= 101 

W h =lo in watts per cub. cm. of core 
N =frequency in cycles per second 
B =flux den ity per q . cm. 

1 q. ·inch=6.45 q. cms. 
107= 10,0 ,000 
K = hy ter · coefficient varying from 0.0006 to 0.006 

(44) 

= 0.0021 for plain transformer steel =0.00093 for the best grades of silico 
steel. , 

T he eddy current lo s may be determined by 
KX(tX NXB)2 

We=------

here 
1011 

We = loss in watts per eub. cm . of core 
K = 1.65 for plain tran former steel 

=0.57 for silicon steel 
t =thickness in centimeters 

N =frequency of applied e.m.f. 
B =flux density =lines of force per sq. cm. of ero ection. 

1011 =100,00 _O ,O . linch=2.54cms. 1 q.inch=6.45 q.cm _. 

(45) 
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TABLE VII 

WATT LOSS PER LB. IN SILICON STEEL TRANSFORMER 
CORES 

Kilolines per 
sq. cm. 

2 
3 
4 
5 
6 
7 
8 
9 

10 

K =O .00092 approximatcly 
n=60 cycles 

t =14 mi1s 

Total hysteresis -
Lines per and eddy current Hysteresis loss 
sq. inch loss in watts per 

lb. 
in 1?1atts per 1 b. 

12903 0.15 0.1 
19354 0.20 0.15 
25806 0.25 0.20 
32258 0.3() 0.25 
38709 - o.so 0.40 
45161 0.60 0.48 
51612 0.75 0.60 
58064 o.ss 0.70 
64516 1.00 o.so 

• 

Eddy current 
losses in watts 

pet lb. 

-.. ... ............ ,. 
.... ............. , . 

0.05 
0.05 
0.10 
0.12 
0.15 
0.18 
0.20 

Fxa. 35. Eddy current and hyste.re"sis losse~ for the be~t grade.s of silicon transformcr ateel expre.ssed in 
wutts pez lb. 

It is convcnient in transformer design to consider tbc two core Iosses 
as one. If the total core loss be expressed in watts per pound and the 
loss to be expected in a given transforn1cr can be predetermìned, it is 
clear that 

core loss . 
1 lb =total weight of transformer core. ossper • 

(46) 

And since 1 .cubic inch of transformer steel weighs approximately 0.278 ib. 
then, 

I f . b. . h weight in lbs. 
vo umeo core1ncu 1cmc es= 0.278 - (47) 

Thc third column of the tab1e in Fig. 35 shows the combined hysteresis 
and eddy current loss for various flux densities per square inch (from 
12,000 lines to 64,000 lines} for the best grades of silicon trans! ormer 
steel. Thc f ourth column shows the hysteresis loss and the fifth column 
thc eddy ciirrent loss. This tablc is correct for the frequency of 60 cycles . 

1 For the best gra.des of sìlicon steel at 60 cycles, it is safc to allow a 
flux density of 60,000 lines per sqitare inch. For higher frcquencies the 
densìty should be proportionally less. At 500 cycles, for exa1nple, 
15 ,000 to 20 ,000 lines per square inch is the maximum pcrmissible satura­
tion.· 

For operation at 60 cycles much Iower flux dcnsities must be em­
ployed f or the poorer gradcs of iron of ten used by a.mateurs-not over 
30,000 Iines per squarc inch. This calls for an expensive design, i.e., 
increased number of primary and secondary turns ·with increased copper 
losses. 

At this point the builder should understand that maximum efficiency 
is gcncrally obtained ·when thc coppcr losses = thc core losses. Thc 
design of a Y2 k\v. 60-cycle transf orm.er f ollo\vs. 
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THE DESIGN OF A Yz KW. 60-CYCLE, 15,000 VOLT TRANS­
FORMER.-,Ve \vill determine the dimensions of a 7f k\v. 60 cycle trans­
f ormer built aft.er the sketch of Fig. 34, the primary to operate off 110 
volts and the secondary to dellver 15,000 volts. _ 

If there '\vere no magnet.ic leakage the secondary voltage \l'Ould bear 
thc rclation to the primary voltage as the ratio of the secondary and 
primary turns} that is, if E8 =seco:r:idary voltage, Ta =secondary turns, 
Ep pritnary voltage, Tp = primary turns, then 

(48) 

For a preliminary co1nputation no great error results in considering 
the lcakagc to be zero. . 

Frorn (48) '\Ve may obt.ain the ratio of transfurmation far if EP = 110 
volts, Ea = 15,000 volts~ then 

EIJ = 15000 _ 136 3 Ep 110 - . 

This means that the secondary 1nust havc 136.3 tiines the number of 
turns in the primary in order t.hat the secondary e •. rn.f. · may equal 
15,000 volts. 

The p1·imary turns may be obtained fro1n the formula following, 'vhich 
is the fundamental equation for tho transformer: 

Where 

~ EpXI08 
Tp- 4.44XaXBXN 

T p = primary turns 
Ep = prin1ary voltage 

a= cross sectional arca of thc core in sq. inches 
B = flux: density per sq. inch of core cross section 
N = primary frequency 

(49) 

lt is to be noted that the numher of turns depends solely upon the 
e.m.f ., flux and frequency. Thc size of the wire is determined by the 
capacity of the transf ormer. . 

In the problem under consideration E and N are kno\vn, but a, the 
cross .sectional area, is preferably decided upon from knowledge gained 
through expcrience, and B, the flux density, by the permeability of the 
transformer steel to be used. 

\.Vith the best grades of transformer steel it is safe to allow 60>000 
lines of force per square · inch. \Ve will make the height and \vidth of 
the transf ormer core 1 ~ ". 

Hence, 

E = 110. 108 = 100,000,000. a= 1.75 Xl.75 =3 .0625". B = 60r000. N =60. 

T 
_ 11ox100,ooo,ooo _ 22 r,: t . 

p - 4 .44 X3.0625 X60,000 X60 - 0 urns 
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For the secondary turns, transposing ( 48), 

Es Ts=--XTp 
Ep 

15,000 
Ts . 110 X225 =30,660 turns. 

The procedure from this point on is to determine the resistance of the 
primary and_ secondary turns, the primary a-nd secondary currents, and 
the length of the cores u pon w hich the primary and secondary coils are 
mounted. The pieces of iron which close the magnetic circuit between 
the two cores will be called the yokes. 

When these data are obtained, we may determine the copper losses 
in the primary and secondary; the sum of these losses in turn giving the 
core losses from which the volume of the complete core is obtained. 

l 

CONOAR.Y ··"·-.: ...... 
·~· ·- ···-· 

NSULATION ··., 
.. ,._ 

' ·-..... -
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Frn. 36. Generai core dimensions ot a~ kw., 60-cycle, 15,000 volt transformer. 
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The buìlde1~ must bear in mind t.hat the maximum cfficicncy is gen~ 
crally obtained 'vhen thc total coppet loss = the total core wss. 

1,,o keep the volta.go bct\veen la.yers at a safe value thc secondary 
should be inade up of "pi es" ~ 11 in 'vidth. After the pies are \\round 
they should be thoroughly impregnated 'vith n1olten paraffine and 
scpa1·atcd fro1n one another by discs of empire cloth. 

If the secondary is divided into 18 pies % 11 in 'vidth, the space re-

quired by thc pics will be 0~~5 =4.5". · Micanite or fibre washers (or ~im­
ilar insulating ma.terial) should be placed at each end of the secondary 
to prevent the high voltagc currents from discharging through the core. 
If ~" is allovled fo1; the taping of the secon<lary pies and the insulating 
discs between, and Ys" for the end \vashers, it is clear that the Jength of 
the secondary 'vili be 4.5+0.75+0.25=5.5", 'vhich is the height of the 
tra~~forn1er \Vindo\v Fig. 36. 

The length of thc core obviously is 5.5 +l.75 +1.75 =9"; and the 
length of thc t\vo corcs = 9 X 2 = 18 ". 

The volume of tbc t\vo corcs in cubie inches = 1.75X1. 75X18 = 55 .. 1. 
If the copper losses in the primary and secondary are now det.ermincd, 

the core losses inay be fixcd and the length of the yokes determined 
accordingly. 

To obtain thc mean length of a seconda.ry t.urn, and hencc the total 
numbcr of feet in thc winding, it 'vill be assuined that the coil is rect­
angular in sha pc, although even if the \vinding is begun on a sq uare 
form it '\vill gradually becomc a circle. It is necessary first to determino 
the sizes of the \Yires. The sizcs of the primary and secondary wires are 
det.e11nined from kno,~.rlcdge of the primary and secondary currents. 
'The currents should be calculatcd from the k.v .a.. readings, ·which as 
explained before involve the po,ver factor. 

Thc pO'wcr factor in transformcr circuits is usually rather low, not 
much over 0.8 a.nd since for thc primary ~ircuit~ 

ì''hcn thc primary currcnt, 

lV 
lp=- l lOXP .F . · 

500 =iioxo.s =5 amperes (approx.} 

Thc sccond~ry curren t, 

Hence 

I :J = EpXlp 
Ea 

110X5 
I,= lS,OOO =O .036 ampere. 

. ' 

(50) 

(51} 
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B. & ~. 

Radio Design 

TABLE IX 

WEIGHTS OF SMALL SIZES OF MAGNET WIRE 
(G. E. Co.) 

Weight in Pounds per 1000 Feet 

s. ~.c. D. C. C. s. s. c. D. S. C. Enamel 

73 

10 . . . . . . . . . . . . . . . 31.9 .............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
13 . . . . . . . . . . . . . . . 16.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. .. 
14 12.684 12.918 ...... ....... . . . . . . . . . . . . . . . 12.684 
15 10.082 10.274 ... . ..... .. ... . . . . . . . . . . . . . . 10.053 
16 8.012 8.176 • 'o o o o o o o I o o o o ... . . ........ . 7.973 

17 6.375 6.510 . . . . . . . . . . . . . . . . . ........... 6.322 
18 5.081 5.188 ... .. ... .. .... . . . . . . . . . . . . . . 5.009 
19 4.043 4.130 .. ....... .. . .. • • • t •••••••• •• 3.966 

20 3.215 3.289 . .. . .......... . . . . . . . . . . . . . . 3.136 
21 2.569 2.628 . . . ....... .... . . . . . . . . . . . . . . 2.475 
22 2.055 2.106 ....... .. ..... . . . . . . . . . . . . . . 1.970 

23 1.630 1.676 1.57 1.604 1.555 
24 1.297 1.344 1.241 1.298 1.232 
25 1.036 1.082 .991 1.040 .980 

26 .828 .873 .791 _.833 .777 
27 .661 .703 .631 .666 .616 
28 .524 .562 .499 .521 .485 

29 .421 .457 .397 .416 .384 
30 .336 .372 .315 .332 .303 
31 .271 .307 .254 .267 .242 

32 .215 .248 .203 .214 .192 
33 .174 .201 .161 .172 .152 
34 .141 .161 .130 .140 .121 

35 .12 .137 .110 .119 .101 
36 .099 .112 .089 .096 .081 
38 . . . . . . . . . . . . . . . .. . ... ......... .058 .065 .051 

40 . . . . . . . . . . . . . . . .... .. . . .... . . . .037 .040 .031 

F rn . 37a . Useful tab le giving the weights of small sizes of magnet wire. 

. For small transf ormers, the cross section of the wire should. be such 
that the current density for the primary does not exceed 1300 amperes 
per square inch and for the secondary 1100 amperes per squate inch. We 
will allow 1200 for the primary and 1000 for the secondary. . 

The diameter of the primary and secondary cond uctors may then be 
determined from the f ormulae f ollowing: 

Current density = 1 
where 

I =current in amperes 
A =area of the conductor in square inches. 

Transposing, 
I 

A = . current dens1ty 

For the priniary 

A = 
1
;

00 
=0.00~1 square inches. 

(52) 
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Radio Design 75 

For the secondary 

A= ~0~~6 =0.000036 square inches. 

As will be noted from the fifth column, Fig. 37, giving the area of 
B&S wire sizes in square inches we find that the nearest size correspond­
ing to 0.000036 is No. 33, and to 0.0041, No. 13. 

To determine the mean length of the primary and secondary turns, 
the depth of the windings, their resistances, etc., the procedure is as 
follows: If 30,660 turns are to be split between 18 pies, then, 

turns per pie 

From the table F!g. 37, turns per 
inch, No. 33 d.c.c. 

Turns per U" layer 

Layers per pancake 

From the table Fig. 37, cliameter 
of No. 33 cl.e.e. 

Depth of seconclary wincling 

30660 
= 

18 
= 1703 turns. 

=64. 
64 

=4=16. 

= 
1~~3 =106. 

=o .01508 ". 
= 106X0.01508=1.59". 

If the secondary pie is rectangular in shape as the core, and the core 
is covered with insulation VB" in thickness, then 

the mean Iength of a seconclary 
turn = (1.75+ 1.59+0.125) 4=13.86". 

Numb~r .of feet in seconclary 30660 
w1nding =13.86X 

12 
=35,412.3 ft. 

From the table Fig. 87, resistance 
of No. 33 B&S wire per 
1000 ft. · =211 ohms. · 

Resistance of seconclary =35.4123 X211 =7472 ohms. 

Allowing 5" winding space f or the primary we find from the table 
Fig. 37 that No. 13 cl.e.e. wire permits 11.88 turns per inch, hence 

turns per layer 

The number of layers 

From Fig. 37, cliameter of No. 13 

= 5 Xll.88 =59.40 :._60. 
225 

= 60 =3.75=4 

cl.e.e. =0.083" 
Depth of winding =0.083"X4=0.332" 
Allowing Yl'6" f or insula ti on be-

tween primary ancl core, . 
mean length of turn = (1.75+0.0625+0.332) 4 =8.57" 

N u~ber of f eet in primary wind- 225 X 8. 57 . , .. 
mg = 

12 
= 160.6 = lol ft. 

From table Fig. 37 resistance of 
No. B&S per 1000 ft. =2.04 ohms 

Resistance of primary =·161 X2.04 =0.328 ohm 
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IIaving dcter1nined thc rcsistanccs and current for the primary and 
secondary \VÌndings, tbc pritnary loss inay be cxprcssed= 

(53) 

The secondary loss: 
(54) 

Hence 
lV11 =5X5X0.328=8.2 watts 
JV" = 0.036 X0.036 X7472 = 9.08 watts 

Tot.a.I cop~r losses =9.68+8.2=17 .88 watts. 

As alrcady noted the core and coppcr losscs should be approximately 
equal. Hcnce, core loss = 17 .88 \Vatts. A~su1nc that the transfo1·rner 
steel (at a flux density of 60,000 lines) ha.sa core loss of 0.82 ·watt per lb. 
a.t 60 cyc]es (which is a fair average for silicou steel), then it will rc-

quire 
1d_g8

2
8 

=21.7 lbs. of stecl for the complete cores and yokes. But 

since 1 cubie inch of transforrner steel \Yeighs 0.278 lbs., the core must 

have a volume of ;.
1
2
·;

8 
=78 cubie inchcs. 

\Ve know that thc length of each core is 5.5+1. 75+1. 75 = 9", and two 
cores = 2 X 9 = 18 ". Hence the volume of the cores (as previousÌy 
sho\vn) in cubie inches=l.75Xl.75X18=55.1''. This leaves 78~ 55.l 
= 22.9 cubie inches for the yokes. Dividing the volume of the yokes by 

the cross section we obtain the lcngth of the two yokes, i.e., 3~~6;~ 
=7.47". Dividing this by 2 gives 3.73" (3.75" approx.) asthelengthof 
each yoke. 

The dirncnsions of thc completed transfor1ner are given in Fig. 36 
a.nd in the table Fig. 38. The long pieces of stcel are 5.5+1. 75 = 7 }i" 
in length. The short pieces are 3. 7 5 + 1. 7 5 = 5 72" in length. 

If the stecl is O. 014" in thickness there will b!" req uired, 
0
1
. J1~ = 125 

sheets for each core and yokc. That ìs, thc builder requires 250 of the 
long sheets and 250 of the short sheets inentioned in the paragraph 
preceding. 

It is no\V in order to determine the over-all efficiency of the trans­
f ormer. 

. output 
Effic1ency = . t 

inpu 

output --------------output+iron losses+copper losses 

500 
-500+17.88+17.88 = 93 .33· 

(55) 

- • . • • I 
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The tablc in Fig. 38 gives thc dimension of ~, 72, and 1 k\v. trans­
i ormcrs to opera.te off 60 cyclcs ·at 110 volts. The secondary voltagc is 
approximately 15 ,000. 

Sketchcs of the dimensions of tbc 60-cyclc tra.nsf orn1ers appear in 
Figs. 36, 39 and 40. 
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Fm. 39. Genera.I core dùnensions for a U kw .• 6Q..cyde, ·~s,000 volt transform~r. 

Data is given also f or the design of a ~ kw. 500-cyclc transformer. 
The total core loss per pound at this· frequency is 1.2 watts. Data and 
constructiona.1 dctails for 500 cycle transformers of other capacities are 
not givcn for thc Teason that the amateur usually does not posscss a. 
500-cycle source. Thc dimensions for other inputs ma.y be obta.ined by 
the line of reasoning present.ed in connection with the 60-cycle trans­
formers. The results will be approximate but a serics of. subsequent 
experin1cn ts wi th t.he desircd secondary capaci ty in shunt \vill revcal the 
corrcct operating charactcrìstics. For exa.n1ple, a }esser or greatcr 
number of prÌma.ry and SCCOndary turns may be tried \Vith a 'Vattmctcr 
and ammeter connected in the primary circuit to deter1nine the inosr, 
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satisfactory a.djustments. Usua1Iy a primary reactancc or choke coil 
ext.ernal to the transf ormer \vill permit the desired 1~egulation of currcnt 
a.nd watts input. 

The theory of the open core transforn1er has not been touched upon 
becausc thc forn1ulae for thcir design are for the most part empirical. 
Thc dcsigns for the t·wo sizcs given, ho,vever, bave bcen tricd out in 
practicc and bave provcn satisfactory . Th~ closcd core transformer 
far .a givcn output rcquircs Icss matcrial than the open core and is, there­
f ore, less ex pensi ve to build. 

~·~r-- i~-t 
,, 

w I Il . 

T 
2• 

. 
' 

9'' --

'1.1 • 

1 KW. 60 CYCLE 3.7 ... 

5 . . 

' 

.. 

131
l 

J 
- ' 

;,4 MlLS 
t 

[~--~ : ~- Jl 
1 ...... ____ ll ll ----~~ 

.Il = · J 
l.--s:7~ 

Frn. 40. Generai core <limen.sions fora 1kw .• 60-cyde, 18,000 volt transformer. 

SIXTY-CYCLE TRANSFORMERS AT LOWER FLUX DENSI ... 
TIES.-The buildcr should note that the table for 60-cycle transfonners 
calls for the use of high grade trans/ orm.e1~ steel. If poorcr grades of stee1, 
i .e., plain stcel or Russia iron, are employed the core lo$es are greater, 
rcquiring many .additional pounds of wire to give tbc same voltage as 
the transformers with the better gTades of stcel. 

To illustrate the point, assu1ne that the transformer steel ':vili only 
permit 30,000 fiux lines pe1· square inch; then the 1 kw. 60 cycle trans­
former, operated at the voltages and frcqucncies gìven in the preceding 
table will require a core ·2" square, with insidc dilnensions Il "x 6 11 and 
outside dimensions 15 '1 x 1 O''. The primary \V ill rcq uire 320 turns of 
No. 10 d.c.c . (295'), .and the secondary 44,000 turns of No. 31 cl.e.e . 
.(64,336'). This amounts to 9.4 lbs. of wire for the primary and 19 lbs. 
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for the secondary. Thc sccondary inay be split into 24 pies, 34'~ '"~idc, 
lvith 1833 turns per pie. . 

The 72 k,v. transformer 'vill rcquire a core 1.%:" square, ·with insidc 
dimensions 5~'' X 7.xt'' and OUtside dimensions 9" X 10~''. rfhe prin1ary 
will require 4,50 turns of No. 13 d.c.c. (3751.) and the secondary 61,335 
turns of No. 34 d.c.c. (83 t376'). This amounts to 6 lbs. of ·wire for the 
primary and 13.3 lbs. for the secondary. The secondary turns n1ay be 
divided Let\veen 24 pies, ~" ;.,vide, \vith 2555 turns per pie .. 

TABLE XI 
DATA FOR SPARK COILS 

Leogth of lnsulation over Size wke Prhnary 
Si~e Dì1.. cor~ c"re core in layers pri&:nary turns 

· -·~~-- --~-- -----
1 ,. Y2'1 S~"' 2 layers emp. cloth No. 18 1'70 
2 " % 11 7 11 2 layers emp. cloth No. 16 184 
3 " ~"' 8 '1 2 layers emp. cloth No. 16 208 
4 H 1" 8 'I/.,, 3 layers emp. cl-Oth No. 16 232 ~ :.e 

--
-

J 

• 
Thickness No. Sq. i nches of 
insulation Size sec. No. lbs. sections foil vibrator 

Sìze over primary wire sec. sec. t::ondense.r 

l " 6 layers emp. clath No. 38 ~ lb. Z sect. 800 
2"' 6 fayers emp. cloth No. 36 1 lb. 2 sect. 1400 
3 w 8 layel's emp. d-0th No. 36 ·~ lb. z sect. 2000 
4 d 8 . ayeJs enip. cloth No. 36 2 lbs. 3 sect. 2500 

1<'10 . 41. Winding da.ta and generai <limensiolli! of spark coils suitable for low-power amateur transmitters. 

'fhc 31: kw. transforrner ·will require a core 1 ~" square, with insidc 
ditncnsions 2 ~ "x 4 72 ", and outside din1cnsions 5 }t2 "x 7 ~ ''. Thc 
pri1nary is wound with 611 turns of No. 16 d.c.c. (478') and thc sccondary 
\Vith 83;279 turns of No. 34 enamel (83,265'). This amounts to 4 lbs. 
of \VÌrc for the primary and 10 lb~. for the fuecondary. Thc scconda.ry 
may be split into 15 pies, ~'' \vide, with 5551 turns per pie. 

A tabi e of the d1mensions and generai data f or spark cails is given in 
Fig. 41. Genera} dimensions are givcn f or 1 ", 2 '', 3 '1 and 4" coils to be 
operated off 6 to 12 volt storage battcrics. 

A fundamental wiring diagram of an induction coil with a magnetic 
interrupter ia sho-wn in Fig. 4la. P, the prìmary coil, is wound over the 
iron core C. 'fhe core is composed of a bundle of fine iron ·wires (No. 22 
or 24) \vhich are bound together \Vi t.h ta.pc : ahd then covered with onc 
or t'vo la.yers of empire cloth. The secondary S ìs split into sections. 
Each scction is wound with n1any layers of w1re separated by thin sheets 
of paraffined paper. The condenser /(-1, prevents arcing at the in­
terruptcr contacts. The di1n~nsions of the eondenser for vanou$ coil 
sizes are given in the table. They are made up of several sheets of tin-­
f oil scparatcd by paraffined paper. 

PRIMARY IMPEDANCES OR "CHOKES."-Primary chokes or 
reactance coìls 1nust be employed wìth the 60-cycle transformers, dc­
signed in accordancc \Vith thc data in Fig. 38. The fiux leakagc in thcsc 
designs is co1nparatively Io-w 1 and \.Vhcn thc spark dischargcs across the 
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gap, the tran f'f orinr r is on short circuit . This ina.y cause n n cx cessi ve 
rise of the prin1ary <~urrcnt and rnay burn out thc transf orn1er. 

-- -- .... 
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F IO. 41a. Fut1damental wiring diagratn of an lliduction coil for the produC'tion of high voltage rurrents 

frotn a d.c. sourcc . 

An expcrhnental prirnary choke for the 1 k\v. transf"ormcr may be 
made on a core 2" square, 15" in lcngth wound ~vith 4 layers of No. 9 
d.c.c. wire. Thc coil tnay be tapped at the n1iddle and ends of ea.ch 

•. 

Fw. 42. Reuctancc reguln tor of thc open core t ype . Such chokcs nrc uscf ul for re~ulating the powcr input .. 

• 
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laycr, and 1eads brought out to a inult.ipoint s'vitch. As an alternative 
thc coil may be wound on a tube so that the core can be moved in and 
out of the coil. Very ciose regulation ·of the primary current may be 
obtained in this 'vay and the necessity for a multipoint B"witch avoided. 

Thc cbokc f or tbc Y2 kw. transf ormer may be \vound on a core 1% 11 

squarc, 15'' in lcngth \vound ':vith four layers of No. 13 d.c.c. 'vire, tapped 
in thc midd le of cach layer. 

The choke for tbc ~ k'\v. transformer may be "round on a form 1%'' 
squarc, 14" in length wound ·with four layers of No. 14 d .e.e. wirc. 'l'he 
coil is tapped in thc 1niddle of each laycr. 

A B 

Fw. 43. • • U'' shnpcd reactaoce coil. 

These prirnary chokes \Vill be of considerablc valuc in obtaining 
resonance bet\.veen the transfor1ner and the frcqucncy of the sourcc. 
Such regulation is particularJy desirable if a series multiplate spark gap. 
is e1nployed. The chokes inust be employed, in any event, to cut do\vn 
the priinary ·current. 

The chokes may be \vound on a straight iron core as in Fig. 42, or 
on a "U" shaped core as in Fig. 43. The reactance of the choke in 
Fig. 43 ìs varìed by dra·wing tho iron core in and out of thc coiis A and B. 

MAGNETIC LEAKAGE.-,Vith all types of spark transmitters·, the 
power circuits should be dcsigned to bave a ccrtain amount of magnetic 
lcakage. The reason for this is that thc discharge at the spark gap 
places the secondary of the transfor1ner on short circuit. This not only 
causes an excessive rise of current which may burn out the transforiner, 
but the are forrned at the gap prevents qu.enching of the primary oscilla­
tions. Lack of quenching pennits the antenna circuit to re-transfer a 
part of its energy to the spark gap circuit and this interchange òf energy 
raiscs and lo,vers the im pedanee of the oscillati on transf ormer so tha t 
oscillations of two frequencics flo\v in the antenna circuit resulting in 
double wave e?nission. 

To secure single wave e7nission under such conditions, the coupling 
of" tho oscillation transfonner must be reduced until quenching takes 
place. This, of course, dccreases the ant0 nnu currcnt and, accordingly, 
the range of the set, 
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On the other hand if the transf ormer circuits ha ve sufficient mag le tic 
leakage the primary current is limited to a definite maximum; there is 
then less tendency tov1ards arcing at the spark gap, the spark note is clearer 
and a closer coupling may be employed at the oscillation transf ormer. 

p 
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Frn. 44. A magnetic leakage gap placed between the primary and secondary cores of a closed core trans­
former for regulation of load . 
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Frn. 45. Showing how magnetié lea.kage may be obtained by mounting the primary and secondary coils 
on the short legs of a transformer core . 

F1G. 46. An external magnetic leakage gap suitable for high voltage transformers. 

The requisite flux leakage does not necessarily take piace in the 
transf ormer. Special design of the alterna tor gives flux leakage at the 
armature when the transformer is short circuited. The primary chokes 
described in the preceding paragraph give practically the ame effe ·t. 

, 
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Figs. 44, 45, and 46 sho'v ho\V magnctic leakage may be secured. 
In Fig. 44 tho tongues A 15, form an air ga.p across ·which leakage takcs 
place. In :Fig. 45, thc primary P and sccondary S a.re 'vound on the 
short lcgs of tbc core thus giving leakagc through the yokes Y. In 
Fig. 46 thc transformcr core has the adjustable a.ir ga.p AB, through 
'vhich the proper regulation n1ay be obtained. Experimentation 'vith 
these va.rious mcthods pcrmits the buildcr to obtain any desired oper­
ating chara.cteristic. Thc po\ver factor n1ay thus be brought up to 
0.8 or 0.9 and ·wastagc of the prìmary po·wcr may be thereby prevented. 

RESONANCE TRANSFORMER.-The principlc of i-esonance has 
bcen utilized in transforrner circuits to a.ssist qucnching of tbc pri1nary 
oscillations by prcvcnting arcing at the spark gap. As an illustration t 
take thc circuit of F1g. 47. Since the pritnary coil a.nd thc secondary 
coil of thc high voltage transformer are closcly coupled, a.ny change of 
capaeity in thc sccondary condenscr \vill tune the primary circuit, in­
cluding the armature coils of the alternator, to the frequency of the 
so ureo N as \Veli. 

X 

.\ WOTE MAX\MUM 
.. Rt.AOlNG H E.Rt 

. 
°\ 

: . ~. 
VARY PLA1E.~ / " ... ~1'P O?f.N 
1~ CONDEN5ER. 

F1CT. 47. Show.ì.ng how resonance may be obtu.incd in transformer circuita such ns ute used in radio trans­
mittcrs. 

Rcsonance 111a.y be establishcd by varying the capacity of the bigh 
voltagc condenscr 1 noting the rcading of the a1nmetcr A, until a maxi­
mum is secured. Or, thc ca.pacity of the condenser bcing fixcd resonance 
1na.y be. secured by varia.tjon of thc reacta.nce X. During this test, the 
spark gap should be opened suffic1ently to prcvcnt sparking. 

It then will be f ound t.hat some value of sccondary capa.city or a 
combination of some value of secondary cuparity and primary reactancc 
will givc a maxin1um as rea.d at the primary a1n1nctor. 

The beneficia! effects of resonance are then as follows: 'Vhen the 
spark discharges at the gap, the secondary of thc transf ormcr is short 
circuitcd, the resonance · condition bef,veen thc so uree N and thc trans· 
for1ner circuits ìs dcstroyed, and the gap potential falls off ra.pidly rcduc­
ing the tcndoncy to a.re. Due to the. destruction of the tra.nsformcr are 
thc primary oscillations are more effcctivcly quenched and single wave 
cmission resul ts. 

It ha.s bcen found difficult \vith resonance transformcrs to maint.ain 
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a uniform spa.rk discharge; that is 1 a c1ca.r spark tone. If the trans­
formcr is 'vorked fron1 15 to 20 per cent off resonance, the spark tone is 
n1ore rca.dily maintained w-ithout sacrificing greatly the good effects of 
resonancc. 

The natural frequency of the transformer circuìts is generally 15 to 
20 per cent grcat.er than tha.t of the alterna tor. .Just how much greatcr 
it n1ust be for satìsfact.ory operation must be found by experin1cnt 
for a great varicty of transformer dcsigns are encountercd in practicc. 
The resonance condition is depcndcnt upon many things, such a.s thc 
inductance of thc dynamo arma.turc 1 the mutua.I inductance bet,veen 
primary and secondary and the capacity of the scconda.ry condenser. 

The secondary voltage of a resonance transformcr inay be considcrably 

greatcr than the turn ratio ~· • A transformer not constructcd with 
p 

particular regard to insulation n1ay burn out as thc resonance point is 
approached. I t may develop with some dc.'Ìgns that the ~apacity re­
quired for rcsona.ncc \VÌll excccd the maxitnurn possible for 20C mctcrs, 
viz., 0.01 mfd. Only tbc experirnenter \vho possesses a 1notor generator 
·will be able to take full adva.ntage of the resonance transforrner phe­
nomenon. The varying power factor of tra.nsmission lines \Vould intro­
duce a constantly cha.nging set of conditìons \Vhich could not be com­
pensatcd for rapidly cnough to be cffective. 

THEORY OF SPARK DISCHARGERS.-When the closed oscilla­
tion circuit of a \VÌreless telegraph tra.nsmitter acts inductivcly upon the 
antenna circuit, and the spark gap is one in ·v.,.hich the insula.ting qualities 
of the included air are not quickly restored betwccn spa.rks, part of the 
oncrgy of the antenna oscillatìons is retransferred to the closed circuit. 
The intcrchange of energy bctwecn the open and closed circuit results 
in a cornplcx action ~vhich modifies the frequency of the free oscillations 
\vhich 'vould exist in the closcd circuit if it \vere not coupled to thc 
antenna. In fact, it results in the production of oscillations of tw·o 
different frequencies in both the spark gap and the antenna circuits, 
and the aerial radiates t'vo \vaves. 

Double ivave emission tcnds to dec1 .. ca.sc the rang~ of radio trn.nsmitters 
and bcyond this interferes ~vith statìons operating on other \Va ve lengths. 
The recciving apparatus can gcncrally be tuned to one wave length only, 
as the energy of the other \Va.ve is of no use. But if the radiated encrgy 
be confined to one '\Vave lcngth, the 1naxi1num effect \vill be obtaincd at 
the rcceiver and the liability to ''ja.zn" anothcr station is f arther rernoved. 

It ìs customary to say that "tight coupling" bet,veen the closed and 
open circuits rcsults in "double ·wave ernission," \vhereas ''loose coupling" 
rcsults in single \vavc emission. The truth of either statement depends 
upon the construction of the spark gap, in fact upon the design of the 
vvhole transmitter. For if a so-c~lled quenched gap be employed, single 
'\vave e1nission is securcd ·with rclatively cloS.e couplings at the oscillation 
transformcr. But, if a pia.in ga.p or any type of gap in \vhich there is 
t.endency to are, be e1nploycd, single \vave ernission is possiblc only 'vith 
loose coupling. 

· The qucnchcd gap transmitter allows the primary circuit to oscillate 
through bu t a f C\V cycles, '\V hereu pon the ~ prilnary oscilla tions cease. 
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By this time the antenna oscillations have attained t heir 111axi1n um 
amplitude but because t he primary circui t is t hen silent , the antenna 
circuit continues to oscillate at its own frequency and decre1nent until 

PRIM. 

St'.C. 

Fw. 47a. Graphs showing the complex oscillations obtained in coupled radio frequency circuits with 
imperfect quenching. 
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Fm. 47b. Graphs showing the primary and secondary oscillations in coupled circuita wit h good quenching. 
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thc encrgy originally iinpa.rted to it is diss1pated. 'Vith gaps ·which do 
not quench readily, and \Yith tight couplìng a.t the oscilla.tion trans­
fonner, oscillations of t\vo frequencics are generat.cd in both thc closed 
and open circuits. Single \Vave emission can only be obtained by re­
ducing t.hc transformer coupling until a \Vave1neter sholNS but one 
maxin1um. Thc antenna current "\Vill, on t.his account, be less than that 
obtained 'vith a gap giving bctter quenching. 

The spa.rk gap phcnon1ena just outlined are sho\vn by thc graphs of 
Figs~ 47a and 47b. Graph 47a sho,vs thc complcx oscillations obtained 
with poor quenching and graph 47b ìn<licatcs thc results of good quenching. 
In the latt.er ca.se the prin1ary oscillations stop aftcr a very fe·w s\vings 
even '\vhen the oscillat.ion transforn1er is closely couplcd. 

\Ve take the liberty of quoting a sumn1ary of the phenomena of spark 
dischargers in radio frequency circuits from the a:uthor's "Practical 
'Virclcss 'felegraphy:'' · 

''It should be undcrstood tha.t a transmi.ttcr in proper adjustment for 
practical use never radiatcs a double ·wave, but, in faet, should ahvays 
radiate a single wave, of '\vave length and damping norn1al to the antenna 
circuit as adjusted, but with a.ny trans1nitter t\vo \Vavcs \vill appear if 
thc spark gap is not in proper condition. 1'he rcn1edy, in event of the 
la.tter, is to restare thc gap to its pro per worlcing qualities 01~ to loosen 
thc coupling at the oscìllat.ion transformer. 

''"'\Vhen thc spark discharges across the gap it acts as a trigger to start 
the primary circuit into oscillation and the storcd energy of the condenser 
'vill be transferrcd to tho antenna circuit until in the course of a fe\v 
oscillations (the number decreasing as the coupling is closer), the voltage 
in thc primary circuit becomes so lo\v that the spark \vill no longcr dìs­
charge across the gap; thc primary oscillations will then cease. 1''he 
exact va.Iue of the minimum voltage for nob-spa.rking "rill depcnd upon 
the resistance of the ga.p. · 

"The resistancc of the spa.rk ga.p always increases as the oscillating 
current decreases and if it \Vere not for thc burnt gases \Vhich exist in 
the immediate vicinity of the ·dìscharge gap tbc origina} resistance \vould 
be rest.orcd at the end of the first half oscillation. Since therc is a lag in 
the cooling and dissipation of the hot gases this does not occur, but if the 
gap is properly coolcd, that is- the electrodes do not gct too hot, thc 
rcsistance becon1es so high after a fe'\\1 oscillations t.hat the reduced 
voltage of the ctJndenser cannot maintain thc spark. In other '\Vords 
thc spark is quenched and t.he oscillations of the t\vo circuits will take 
the form shovvn in Fig. 4ib, that is- after a few S\vings of the primary 
circuìt, the primary oscillations '\vill cease and the antenna cù·cuit \Vill 
oscillate at its natural frcqucncy and dccrement. 

"rrhese are the precise actions taking place in a proper1y adjusted 
radio transmitter, no matter what type of spark gap is ernployed, if the 
clcctrodcs are clea.n a.nd s111ooth, thc vcntilat.ion adequate, and the 
coupling of the oscillation transfor1ner is not t-00 close. 

'~,The rate at 'vhich the gases in the gap are dissipated or the. non­
conducting qua.litics of the gap restored dete.nnines ho\v closc thc coupling 
can be inade without intcrfering 'vith the quenching of the spark. If the 
coupling isso closc that the reaction of the secondary upon the primary 
not only do es not cxtinguish the spark tut {ransf ers energy back t.o the 

• 
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p1·imary, then the spark \vill not be qucnchcd unt.ìl thc cnergy. of the 
cntirc system has fa.llcn to a lo'v enough va.Iuc to allo\v the high re­
sistance of thc gap to be restored. Thc complex oscillations shO\Vll in 
Fig. 47a ·will thcn rcsult and double \Vavc einission \vi11 result. If the 
spark quenches after one or· t'wo of the "bca.ts" sho\vn in Fig. 47a, and 
thc antenna st.ill has encrgy to be radiated , thcn invcstigation w·ith a 
'va-ve1ncter may sho\v thrcc apparent.ly differcnt w·a.vc lcn~ths radiated. 

''In all spark ga.ps thcrc is a tendency to\vard "arc.ing," that is- for 
the spark to be f ollO'wcd by passage of the powcr currcnt across the gap. 
rfhis \Vill prevent thc restoration of the high rcsistancc-t.hc spark WÌll 
not qucnch. 

"1..,he pla.in, open spark gap \vithout art.ificial means of cooling re­
quires very careful adjust1ncnt and reduct.ion of coupling to give proper 
operation, that is-freedo1n frotn double \Va ve ernission. U nlcss the 
spark voltagc is carefully adjusted, the tcndcncy to,vard arcing is diffi­
cult to contro} and the action tcnds to be irrcgular. Thc use· of special 
cooling means, such as a scrics of gaps or air blasts, enables good 
quenching to be obta.ined \Vith sufficient rcgularity to give a clcar Sf)a.rk 
tone." 

DAMPING DECREMENT.-Thc U. S. la\YS require that thc decre­
ment of the ·antenna oscillations shall not cxcced 0.2 per co1nplc te cycle. 
This means that each spa.rk dischargc in tho closed circuit. must set up 
no lcss than 23 complete oscillations in the antenna circuit. The oscilla­
tions in the \Vave train are considered to have stopped \Vhen one of the 
successive cycles has fallen to 0.01 of the amplitude of t.he first oscillation. 

If the inductance, capa.citance, and resistance of a radio frequency 
circuit are fixcd, the free oscillations generated therein decay at a fixcd 
rate in a \Vay similar to the decaying oscill~tions of the penduluni. Each 
successive cyclc is thc san1e fraction of the prcccding cyclo throughout. 
the train. Thus thc amplitudc of a cyclc may be 0.8 of the amplitude 
of the preceding one and so on. Instead of cxprossing the a1np1itudes 
of successi ve cyclcs by a numcrical ratio it is more convcnient t.o express 
thc dcca.y in tcrms of the logarithm of thc ratio. Hcnce \Ve have the 
tcrm, the logarithmic decrement _ 

The upper graph in Fig. 4 7 e shov·ts a group of damped oscillations. 
. AB CD 

Lct the ratio of C D = 1.105 and E F = 1.105. Ref erring to a tablc 

of Naperian logarithms, \Ve find that thc logarithrn of 1.105=0.1, w·hich 
ìs the logarithmìc decrement of that particular 1vave train. Tbc loV\"er 
graph indicatcs a wave tra.in the dccrement of which =0.69, i.e., a case of 
cxcessive da1nping. 

To find the nu1nber of oscillations in a wave tra.in, when ~ne of the 
subsequent cycles has fallen to 0.01 (1 per cent) of their initial ampli­
t.ude, we need only divid~ the natural loga.rithm of 100 by the decrcment. 

Since log< 100 =4.6 then ~ : ~ =46 complete oscillations for a dccremcnt 

of O .1. The smaller the decrement the "sharper" will be the radiatcd 
wavc. More accurate tuning at the recciver is then possiblc vrith a 
consequent incrcase in the strength of signals . 
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A \vave ,v:hosc dccrcment exceeds 0.2 per complete oscillation 'vill 
interfere \Vith stations not sharply tuncd to it. That ìs such a \Vavo \VÌll 
set up curronts in a receiver over a considcrable range of wavo lengt.hs. 
The decrcmcnt of the radiated \vave may be kept at a minimum by 
kceping the resistance of the oscilla tory circuits low, by providìng a good 
earth connection, and by rcducing the coupling at the oscilla.tion trans­
former until single 'vave en1ission results. l\.1et.hods of mcasuring the 
logarithmic decrement 'vili be dcscribed in chapter XI. 

If the inductance, capacitance and rcsistance of an oscillation circuit 
are known the decrement may be calculated by the formula follov:.ring: 

\Vhcre 

&=3.1416 R .,J1l 

ò = deerément per co1nplete eycle 
R =resistance in ohms 
e = capacitancc in f a1·ads 
L =inductance in benries 

If R=l ohm, L=l0,000 cn1s. and C=0.01 mfd., then 

I 0.0000001 
c5=3.1416Xl' O.OÒOOl 

i=3.14tox1 xo.1 
=0.31416 

(56) 

PURE AND SHARP WAVES.-A sharp \.vavc, .according to the 
U. S. definition, has a dccremcnt of 0.2 or less. A pure ·wave emission 
rnay consist of t\vo \Vavcs, provìded the a1nplitude of thc lcsser docs 
not exceed 0.1 of thc an1p1itudc of thc strongcr wavc. The J.esscr \Vave 
in such cireuits is usually of negligible in1portancc. Hencc \Ve may · 
say that a pure and sharp \vavc is onc of single frcqucncy \vb.ose dccro­
ment is 0.2 or less. 

Fig. 47d sho,vs a graph of pure wave according to the U. S. definibon 
Fig. 47e indicates a sharp 'vavc 'vhosc dccrcmcnt is 0.12 . Fig. 47! 
sho,vs a very broad \vave ,vhich the U. S. ]av?s will not pcrmìt . The 
lesser tvave is 175 meters, the stronger \Vave 245 meters. The closcd 
and open circuit.s were individually ·tuned to 200 meters. This is sub­
stantially the form of wave motion that 'vill be obtaincd 'vith thc average 
amateur set, if tbc coupling be too close and the quenching poor. 

As \Ve have said, single wavc ernission in the ordinary arnatcur set is 
obta.1ncd by reducing the coupling a.t the oscillation transformcr until a 
wave met r sho~7S but onc vvavc. The decrement of the \Vave can be 
mea.surcd ''lith any ·wave1netcr inc]uding in its circuita "current ~quare'' 
meter. The process \Vill be descri bed in cha pter XI 1 page 301. 
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CHAPTER IV~ 

CONSTRUCTIONAL DETAILS OF AMATEUR \VIRE­
LESS TRANSMITTERS-PANEL AND ISOLATED 

TYPES- BUZZER TRANSMITTERS 

CONSTRUCTION OF A HIGH VOLTAGE TRANSFORMER .. -
Assumc that the stccl strips for the transformcr corcs and yokes are cut 
to shape in accorda.nce V-lith the designs givcn in the prcceding chapter. 
If 1 in the cut.ting process 1 the iron is burrcd or bcnt, the strlps may be 
placed bct\veen two smooth slabs of wood and si.raightcncd out \vìth a 
hammer. AH burrs should. be ren1ovcd "\vith erncry paper or \vìth a file 
and after\vards both sides of each strip should be coat.ed \vìt.h shella.c 
varnìsh and set up on edge to dry. 

l 
/ /_· 

2 
~ ~ 

~A\L. 
'· e , 

a ..._j:"_~_~--_--_:_-.... ~-~-o ,,,.__.· _· _:_s__,I ~I 
SECONO lAYf~ FOuRTH l~'tE~ ANI> SO ON 

Fm. 48 •. Showing the core assembly of a. closed core tran:tlormcr. 

The core should be assen1bled as shorvn in Fig. 48, where the short 
strips, i.e., the strips for the yokes of the core, are denoted by A and B, , 
a.ud the long strips .by C and D . To be sure that the pile \vili be evcn 
after it is stacked up drive nai]s in the base board as a guide, a.s sho\vn 
in the sketchcs of this figure. 'rhe end 3 of strip A is placed a.gainst the 
side 4 of' strip C; the end 5 of strip C against the. side 6 of strip D; t.he 
end 7 of strip B agai nst thc si de 8 of the st.ri p D, and the end 1 of strip D 
against the side 2 of strip A. 

'I 
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• 

Defo1/s of Core Ends 

Fw. 4~. Showin~ the overlapping 1aminution.s At t.he~ corncrs of tho transformcr core. 

As sho·wn in the right-hand of draw·ing the next la.yer over-laps the 
bottom layer so that the ends of thc core when completcd will look like 
that in l:i1ig. 49. Holcs ma.y be borcd in thc corners of the core through 
'vhich bolts are passcd to compress thè shcets into a compact bundle. 

1' 
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F1G. 50. Core with one yoke removed to pennit the primary i:md seco.odary c<>ils to bo placed in position. 

lf the buildcr dccides to inount the primary and secondary coi1s on 
the long legs he may reinove one yoke of the completcd core as in Fig. 50 
ancl place in position the pieces of steel for that yoke after tl1e primary 
and secondary coils are in pia.ce. The author has found it more con­
venient to first stack up the core comp{etely, winding it looscly with tape 
so that after~lards the yoke B can be rcmovcd for p1acing the prima.ry 
and secondary windings. After these coils are placcd the yoke B n1ay 
be slid back into piace without tearing ·it do\vn. If this proves too 
d:fficult placo the pieces of steel for the last yoke in position one at a tiin'3 . 
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Pr. mary W/ 0;· "/ 1n 1119 
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Empire çlolh 

F1c. 51. Showing the appeara.ncc of thc transformer core with the primaIJ' coìI in piace . . 
The appearance of the core and coil after the primarry is ìn position 

is shown in Fig. 51, which sho'\vs a fe-w layers of en1pire cloth, each 
layer about 7 inils in thickness, vlound ovor thc core. The pri1nary turns 
are then wound over the empire cloth as indicated. 

In the transfonner designs alrea.dy prcsentcd the primary and second­
ary coils are approxiinately square, but sorne experimenlers prefer to 
place round insulating tubes over the cores. The tubcs may be of 
bakelite, dìlecto, or mican,ite. If circular tubes are used the dimcnsions 
of thc \vindings \VÌll be greater tha.n those given in the table Fig. 38 and 
the transforn1er \vindo\v n1ay ha veto be enlarged to prevcnt the p1:.hnary 
and secondary co1ning in contact. 

Sufficicnt insulation is honrever providcd by v~~ìnding severa! layers of 
empire cloth over the prhnary and secondary cores. The coils ·will then 
be approxi1nately squarc. As an alternative, 'vind severa! laycrs of 
sheet mica around the prima1y a.nd secondary cores and hold them in 
p]ace by tape. Take care that tbe mica does not break at the corncrs 
pcrmittìng thc high voltage curr~nts generated in the sccondary to dis­
charge through the iron core. Usua.lly, insulation Yl6" in thickncss 
bet\veen the core a.nd prhnary, and Ys" betv1ecn tbc secondary and the 
core is sufficient, a.lthough for the 1 k'v. transfonner (in Fig. 40), tbc 
insulation bct-wcen the sccondary coils and the core should be ~'' in 
thickncss. 

I • . . \ 
~ ·~ru~E 

<· • 
• .l :r .. .,COR.E 

.F1a. 51a. Assembly of the open core transforruer. 

Af tcr the prin1a.ry and secondary coils are placed on the core place 
tbc rcmaining yoke in position, thcn inunersc the transformer in transit 
oil or in a bees\vax com pound. A f onnula f or thìs 'v ill he givcn in a 
f ollo\ving paragraph. 
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A generai idea of the assemb}y of an open core transforn1cr may be 
obtaincd frorn Fig. 51a. rrhe core is a hundle of fine iron "\Vite covcrcd 
'vith six or scvcn layP-rs of ernpire clot.h. 1~he priinary turns are thcn 
\vound on, gi vcn a coatìng of shcllac aud allo-\ve<l to dry. Thc pritna.ry 
is thcn slipped in the insulat.ing tube. 'The secondary pies are slid aver 
the tube and connected in serie . 

In thc cornrnercial types of open core transforiners the seconda.ry 
pics, a.ftcr bcing connected in serie ·, are pla('ed in a box and covercd \vith 
in~ulating \Vax; but if the pies a.re carefully insulatcd from onc anothcr 
this 'vill not be ncccssa.ry. 

Molor 

F1G. 52. Apparatu~ for winding thc scconda.ry "pies'' of h!gh voitagc transfonners. 

A MACHINE FOR WINDING SECONDARY PlES.-A sirnple 
\vinder for the secondary pies ina.y be constructcd in accordance with thc 
dra\ving in Fig. 52. T\vo \vooden discs 7" or 8" in diameter are n1ountcd 
on the shaft of a s1nall driving motor. Th~ discs are about 3-i" in thick­
ness. The space bet.wcen thcn1 is gauged by the t.,vo nut.s sho,vn in -~he 
dra·wing. Four pegs are pla.ced in the disc to forrn a square of dimensions 
slightly greater than the dimensions of thc sccondary core 'vith its jn­
sulation. rf\vo or thrce layers of e1npirc cloth or pa.raffincd paper are 
·wound over these pegs, the ends of 'vhich nrc glucd together. The \Virc s 

is then gìven one or t\vo turns around the \Vinding form and the motor 
kcpt in rotation until the dcsired nu1nber of. turns aro obtaincd. 

rfhc use of double cotton covered wire is assumed in the transfonner 
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designs given in Fig. 38. The '\vire should be run through 1nclted 
paraffine during the \Vinding proccss. 

·'----------~-----------~-----------------------Fra. 53. Device for impregno.ting the seoondary wire of a tran8formcr witb paraffine. 

A convenicnt dcvice for impregnating the secondary ·wire \vith 
paraffine is sho\vn in Fig. 53, where a baking powder can is cut a·way 
and an e1npty spool rigidly attachcd ~ to a brass shaft A placed at the 
bottom of the tank. 'rhc shaf t is f astcncd in place so t.he spool cannot 
turn. A quantity of mclted paraffine is kept hot by a s1na1l alcohol lamp 
iminedia.tcly underncath. The spool from which the secondary \vire is 
dra\vn is mounted on a spindle imn1ediately bclo\v, the \Vire being passed 
around the spool in the paraffine tank and then on to thc pie \v-inder of 
Fig. 52. 

Do not allo·w tbc spool in the tank to tui~n or it ·will throw t.hc paraffine 
badly. 

B 

A 

Frn. 54. ·wire men.sul"ing de\'ice .for the expcrìmcntal workshop. 

A WIRE MEASURING DEVICE FOR USE IN COIL WINDING~­
Ivlelvin \Vallace of Oregon designcd thc \Vire ineasuring instrument shown 
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in Figs. 54, 55 and 55. Tlds inst!'ument will be useful to t.he a1natcur 
experhncnicr \vho ·wishes to 1nca.sure the actual ntunb r of feet of \Virc 
plac don a transfonner pie 1 or on tuning coils to be \vound for receivjng 
a.pparatus. The con ·truction is a.s follow· ~ : First cut f rorn a 1" x 6" 
pìece of ha.rd wood stock, the piecc A in Fig. 5-1, \vhich is 8" in lcngth. 
At one end a.tta.ch thc picee B \Vhich is to carry the friction '\Vhccls I 
and J. Ncxt cut a measuring \vhccl as at C. It should be 4Y2'' in 
dia1neter cut from thc samc stock. A flat groove should nO\V be cut in 
the rim until it has the exact lcngth oi 12". Then place the 'vhccl on 
the shaft D \\'hich projects through the end piece B, through the bcaring 
picee E and is attachcd to thc revolution rccorder F ·which, in turn, is 
securely cla1uped to thc block G. 

K 

Frn. 55. Sido vìcw of wìre meusuring dcvice. 

· Thread a picee of iron rod H 1 sizc optìona.l, a.t one end, and place it 
in the boa.rd A at H to carry the spool of \.VÌre. 

The friction wheels I, J and K in Figs 54 and 55 must no\V be con­
structcd and a.tta.ched as in the dra"\vings. N o-w construct tbc \Vheel S 
(Fig. 55) counter to the wheel I 1 and fit thc forrner to the fiat groove of 
the latter. l\1ount the tension ·wheel S on a spring which is preferably 
a.dju ·ta.ble so that in case of a break or stop the wire will not slip. 

Place the pointer lt[ indicated in Fig. 54 on the shaft D closc to the 
picee B. Next cut a piece of 'vhite papcr the size of the whccl C and 
calibrate it into 12 equal parts; then gluc it to the inside of the picee B 
to forni a scale. The pointer "~ill then indicate the number of inchcs 
and thc revolution counter the numbcr of feet which ha.ve pa ·sccl thc 
spot on the top of the \.Vhcel C. \Vhen large sizes of \Vire are being meas­
ured thc cffectivc diamcter of thc \Vhcel S is incrcascd so that the in­
dicatcd lcngth \vill be some·what smallcr than the actua.l lcngth. 

'ro operate the rccorder, run thc \virc from thc spool L, as in Figs. 
54 and 55, undcr friction guide J{, an<l over J, continue it over and 

• 

• 
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around th ineasuring 'vhecl C, and on Lhrough the tcnsion holder.. I 
and S. Fron1 this point lPad the 'vir ~ dìrectly to tbc tube being \vou1Hl. 
1,ake care that a.ll bcarings and friction surfaces fit snugly yct fre~ly 
that the resistance and frict.ion n.n1y be rcdueed to a mini1nu1n. To{; 
much tension n1ight brcak or strain the insu1ation of very srnall ·wire. 
Fig. 56 gives drilling dirncnsions of the supporting upright. 

8 

t 
FIG. 56. Elevation of support for wire me1isuring instrumcnt. 

(' 
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Frn. 57. Windi'ng machine for tuning coils a.nd secondary ''1Jics.0 

COIL WINDER.-,Ve \vill no,v. de~cribe a 'vinding ma.chine devised 
by Latti(ner lleader of New York City, suitable for winding tunìng coils 
or secondary ''pies ." A perspective vie·w of the machine is sho'\vn in 
Fìg. 57 and a side vicw in Fig. 58. The sketches for the inost part ex­
plain then1selves~ The \Vinder is designed to be operated fron1 the 
driving wheel and pcdal of a Se\ving machine. The designer declares 
that with the aid of the guide mounted on the block innncdiately in 
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front of the n1achinc, hc \Vas able to \\ ind one section of a 3 '' spark coil 
·wit..h No. 38 \vire in t\vo hours. Thcsc are the dhnensions for tbc various 
parts: The \.\1 h ccl A (Fig. 5 i) ina y be 1 ~ '' or 2 " in diam ctcr. Th e 
bea.ring B may be a piece of hra.ss 5" long, 2~~" 'vide and % " thick. 
The shaft C should be 10'' in length a.nd 72" to % " in dian1cter. 

The block D ca.rrying thc 
tidcr n1ay be inade of t"ivo 
pìeces 27:2," \vide by 1 ~ '' 
thick and 7" long. They 
should be cnt a.s shff'\vn and 
fastened to pennit the shift­
ing of the picee holding the 
guide l'he arn1 of the guide 
E should be 6 tt long, ~'' 
·wicle, about Yi6" thick and 
2n ade out of sheet iron. A 
thin picee of brass or tin 
tu rned ovcr to receive a n ai l 
'vill form a support f or the 
small guide pullcy. 

The base F may be 15'' 
long, 18" ·wide and 'A" in 
thi ckncss; th e sides G, 8 "x4". 
The form Ii is a picee of 
broom handle to fit ovcr the 
shaft. The blocks I should 
be ~'' square. 

The si dc vic\v, Fig. 58, 
sho\.vs the coil ·winder belted 
to a se\ving machine. 

• 

Frn. 58. Side view of coi! wi11ding machinc. 

CONNECTING THE TRANSFORMER PIES.-1Vhen the secondary 
pa.ncakes are p~aced on the transforrncr core, ta.ke great care to cònnect 
thcn1 so that the currcnt circulatcs throughout the whole secondary in 
the same direction. · The correct method of connecting these pies is 
sho'~'n in Fig. 58a. It 'vill be scen from these that each p~ir of adjaccnt 
pies nH1st be placed on the core so that the inside termina.I of one pie is 
connected to tbc insidc tcnninal o·f the adjacent pie. The outside terrn­
inal of one of thcse pies must be connected to the outside termina.I of the 
next pie and so on througp. the serics. 

Fio. 58a. Showing tfle correct method of ~onnccting 1.he upics' in a tran formt>r secondar,\r, The coil.i 
{\re cotmecte<l so that thc cu:rrcnt throu~hout. the wholc f:iecondarr flows in the eame d4rect!<?1~ , 
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In other words, if all pies are ·wound in the samc direct.ion they mugt 
be stacked up so that the outsidc terminals of two a.dj~ìcent pies come 
out of the coils in opposite ·dircctions·: like~rise the inside terminals of 
the next t \VO adj acen t pics. 

INSULATING COMPOUND FOR TRANSFORMERS.-A ,vax 
preparation f or imbedding thc ~ompleted transf onner, f or insulati0n 
purposes, may be made of 4 lbs. of rosin, 1 lb. of becs"rax, and 172 lLs. 
of paraffine. These ingrcdicnt.s should be put in a galva.nizcd iron dish 
and then hea ted and thoroughly mix ed. I f the vv ax ìs too bri ttle use 
lcss rosìn and if too soft, use less paraffine. The experimenter may onùt 
the bees·wax if it proves too expensive. · 

If ·the transformers are to be iinmersed in oil, a galvanized iron box 
is generally used. If transil oil is not availablc use double boiled linsr:·rd 
oil. 

Co~ Meiro' lo};e, 3 ~d,om. 
· !Jors Wa5''1er 

1; , R5~1w~ 

! 2rxJ fum!S 
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1
-...,., pc;,,1s,.,;1d 

110110!f A C.; 60~/e. 

Pnmoo:- 3~() lvrms ~14 ~Qm~M' 
m<Jg~if?} wlm. 

FIG. 50 . Closed core tra.nsforn1cr -with a magnetic Icakn.ge gap as designed by an amatcur cxperimt-dccr. 

TRANSFORMER WITH MAGNETIC LEAKAGE GAP.-As the 
arn·a tcur experimenter cannot always purchase the best gradcs of siEèon 
transformcr stecl he is apt to employ \Vhatever inateria.l he may havo on 
band. An cxamplo of a transfol'mer ·which an amatcur has construetcd 
at lo\v cost is shown in Figs. 59 and 60. 

'rhis transfo iner was designed by lVIark l3iser of IVTaryland. The 
constructional details and over-all dimensions shown in Fig. 59 are for 
thc most part sclf-explanatory. The cross section of t.he core is 2 11 

square, made of shect stcel strips 7 /1 in length, 2 '1 in vvidth and \vith an 
average thickness of ~,,. 'rhe prima.ry and secondary coils are 'vound 
on opposi te lerrs of the core and hcld in place by cardboard forms 3 ''in 
diameter \vhich are slipped over and sccurcd to the core. Fibre discs 
are inserted between the sect.ions of the sccondary and at other points as 
indicated in the dra·wing. Thc prirnary consists of 350 turns of No. 14 
d.c.c. maffnet ,vire and the secondary of 50,000 turns of No. 32 enamel . - ~ 

1narrnet wire. · 



Transmitter Construction 99 

The secondary is divided into three sections. A layer of thin oiled 
paper is placed between each layer of the secondary. 
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Frn. 60. Details of the leakage gap. 

To give this transf ormer satisf actory operating characteristics and 
also to permit variation of the power input over a considerable range, 
Mr. Biser fitted it with a magnetic leakage gap which is controlled f rom 
the outside of the case by means of a suitable handle. A genera! idea of 
the construction of the leakage gap can be obtained from Fig. 60. An 
end elevation is shown in Fig. 61. By turning the knurled knob on the 
adjusting shaft, the length of the leakage gap, which is shunted ·around 
the primary core , can be varied very considerably, permitting the 

•• ,, 
•• 
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-END ELEVAT/ON-

fIG . 61. End elevation of the leakage gap . 

• 
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secondary voltagc to be changed bebveen 10,000 and 20,000 volts. As 
inentioned in tbc preceding chapter , this gap is of particular advantage 
for incrcasing thc po·wer fact.or in transformcr circuits. 
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Frn . 62. IIeiical type of oscillation transformer with turns wound on edgewise, a.s construct~d by an 
amateur experimenter. 

OSCILLATION TRANSFORMERS.-The ''helical" or pancake 
types are generally prcferrcd. Thc amateur often crrs in building an 
oscillation transformcr of too many turns. Not infrequently stations 
are fitted with an oscillation transf ormer of sufficient inductance f or 
\:vavcs up to 1000 meters in length, although the set is to be opcrated a.t 
200 1neters. 

It is not even necessary to adopt the expensive designs follo\ving, 
when a fe\v turns of hoavily insulatcd wire ·will do for the primary and 
the -secondary. The conduct.or shou1d be of · 1o"r resistance, at least 
%"in diameter for the 1 k\v. set, and 3i'' in diarnetcr for the ~ k·w. set. 

The · rcason that copper tubi:ng is as suitable as a so] id cond uctor is 
that the L'skin effe ts" of high frequcncy currcnts are vcry marked and 
, ince high frcqucncy currents penetrate only a srnall depth into con­
ductors only the surfacc is of irnportancc, 
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If the pancake type of oscillation transf ormer is adopted, use copper 
strip 74 ", % " or Y2" wide and about Yi6 of an inch in thickness. It is 
better to use a bare conductor so that f or tuning purooses contact may 
be made 'vith a fraction of a turn. Some experimenters prefer the 
helical type of transf ormer with the turns wound edgewise. 

No 8-.J2 8rt>J1J1 

Mach ~cr~wa !o be 
v~et:I - ~ Rt19c,,red 

ToP AND BASE 

B1r-cn wood. - Z Re~u 1 r-ed 

Noie Xolea noi fo be c""nlersu,,k o,, lqo 

:i.r 
O) 

Frn. 63. D etails of tbe top and base. 

-UPR IGHTS -

- H AR o R u e e E i< -

Frn. 64. Sbowing the dimensions of tbe uprigh ts for tbc oscilla tion transformer. 
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A tnu1sformcr of the latter typc has bcen dcsigned by Ralph lloaglund 
of ::rvlassachusetis. ".rhe asscrnblcd instrurncnt is shown in ~"'ig. 62, a 
plan of the top and base in Fig. 63, and the dhnensìons of thc uprights 
in Fio-. 64. 

The pri1nary has 10 turns and the secondary 18 turns. The inside 
diamcter of the coil is 7 Y2", the strip being 72" \Vide and Yi6" thick. 
The dimensions of the uprights are 8%" x % /1 x ~ ". The base and top 
are each 9 34'" in dia.meter and ~i" in thickncss. Exact mcasurements f or 
the positions of the slots in tbc strips are sho,vn in Fig. 64. The slots 
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Frn. G5. Design f or the "pancake" type of -0scillatìon transformer. 

f or u prigh t A bcgin U" f rorn t he botto in; f or u pright B, ~6" f ron1 the 
bottorn; f or upright C J % " f rom the bottom; and f or the upright D J Vi6" 
from the botto1n. The slots should be cut on a slight slant. 

For 200 meters a part of the sn1aller coll may be employed as the 
'[YfÌmary and the larger coil as the secondar11. The coupling is, mcchani­
cally speaking, fixed, but may be varied electrically by placing t\vo taps 
on the secondary, through 'vhich the used secondary turns 1nay be 
brought nearer to or pla.ced further awa.y fro1n the primary, according 
to requiremen ts. . 

A suggested design for the pancake type of oscillation transformer is 
shO'wn in ~"'ig. 65. ':rhc primary inductance is varied by a slidìng contact 
1nountcd on an arm attachcd to the control handle. The contact slides 
on the coil and a.s it is rotated, any fraction of a turn can be cut in the 
circuit. The primary coil is n1ounted on a wooden slidet \vhich is shO'Wll 
in cross-scction. This permits the coupling hetween the primary and 
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sccondary to be varied. The conductor of pancake coils is usually 
1nounted in slots cut into strips of hard rubber or bakelito \vhich are 
supported on '\Vooden uprights. _ 

By using coppcr strip % 1' \vide and !16" thick, the follo·wing dirncnsions 
\vill be found sa.tisfa.ctory. The priinary has 8 turns spaced ~ ". The 

s -

I 

~ 

I 
l 
IN 
~ -

t 

-- --

1i0LE5 FOR. 
- WlR.E ... -!-

... ; ·-t· 

I 
~ i 

· 1!1 1 .Hl• .ilH I TI 111 
.-

J l V 

I ' 
I l J 
j I I 

I 

F I 
I I .. 1 

I 11 . 
I I 

I/ I 
I 

~ / ( 

ITT~1 o/k . 
I I 

r .,, 

''. '-IN 

I I 
l r I 

I ·' (I 
.... 

r . 
I ~I 

f lf I 
I\ 

I . I I 

~~ 
a' ' "' I 

J . il 
l I -

IÌ , I "' r I V .. - .. -- - . -· -· .. • · - ·- . -~--.'7"J ·::: r '. 
-· u 

-~ = ~ ·- . --._ .... . .. -. ·-
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inside diameter is 4.%' 11 and the outside djamctcr 1 O". The seconda.ry 
has 20 turns spaccd ~ 11

, the outside dia.1nctcr being about 14" and thc 
inside dian1eter about 4Yz ''. · 

A helical oscillation transf orrner dcsigned for variable coupling is 
sho,vn in Fig. 66. The priinary is wound \Vit.h No. 6 sprin~ brass \Yire 
and the secondary 'vith No. 8. rrhe pri1nary turns are threadcd through 
holes cut in the vvoodcn uprights; thc secondary is mountcd in the sa.n1c 
\vay. The prirr1ary coil is 1 O'' in diarneter and the sccondary 8 '' in 
dia1neter. Four turns are sufficicnt for the primary and 12 t.o 15 turns 
for thc sccondary, although a greater nurnber are sho~vn. The spacing 
bet"reen the primary turns should be% 11

, a.nd about 7i" or%'' betvveen 
the secondary turns. 1'Vooden uvrights \vill do in dry cli1nates, but if 
the apparatus is to be operated in a \vet zone use hard rubber or so1ne 
siinilar n1a terial. 

A s1nall binding post \Vith a set scre\v rnounted on the top of the 
secondary locks the sccondary in position for any desired coupling. 

The dimcnsions sho,vn can be varied so1ncv0lhat to suit the builder. 
It is in fact prcferablc, that th~ ncccssary nurnber of turns be prede­
termined by the inducta.ncc formula given in Chapter III . ... 

• 
HIGH VOLTAGE CONDENSERS.-,Ve usually distinguish high 

voltage condensers frorn lov~-' voltage types by the material of tbe di­
electric. Glass and rnica are gencra.lly cn1ploycd for high voltages. 
Paraffined vape1·, thin sheets of ha.1·d rubber, mica, or air at ordinary pres­
sures a.re ordinarily used as the insulat.ing inedium for lO'w voltages. 

,.fhe most satìsfactory condensers for the an1ateur's transmitter are 
the cop11er vlated Leyden ja.r and the mica co·ndenser. 'l'hc oil-ìm1nerscd 
glass plate condenser, hov{evcr, is 'videly used principa.lly because the 
experimenter has less diffi.culty in obtaining the inateria.lsfor construction. 
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Fm. 67. Commerdal type of high voltage oondenser usi.ng copper.,plated Leyden jars mounted ìn a metal 
jar rack. 

Fm. fi7a. Showllig.in a. genera.I way the congtruction and assci:nbly of the mica irumla.ted condenser. 
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A_ comrnerdal type of high voltage condenser is sho,vn in Fig. 67. Six 
coppcr platcd glass jars of 0.002 mfd each a.re mounted in a n1etal rack 
an<l connected in parallcl. 'Thc out5ide coatings of the jars are con­
nectcd through thc niet.al cups at tbc botto1n and tbc fra.mc. 'I'he inside 
coatings are conncctcd to a cornn1on terrnìnal through brai<led conductors, 
\vhich are soldcred to the inside coatings. 

J.lilicci condensers are generally employed in government radio sets. 
They ha.ve the advantages of compactness, fairly small losses, a.nd little 
danger of breakdO'wIL The reason f or the last is that the breakdown 
voltage of very thin sheets of mica is high (60,000 volts per centimeter of 
thickncss), consequcntly evcn if used 'vith high voltagcs vcry thin shccts 
1nay be pla.ced betwccn tbc conducting surfaces of thc condcnscr giving 
a re1ativcly high value of capacity. Scvcral units may thcn be con­
nectcd in scricf' so that the voltage a.cross each unit is comparativoly 
lo,v. A fundamental idea of the asse1nbly of the inica condcnser may be 
o btaincd f rom Pig. 6 7 a. 

It is a com1non practicc to conncct 10 or more units in series, the units 
being stacked up in a inetal container and thoroughly impregnated 'vith 
a good insulating compound by a vacuu1n procc~s. \Vith IO units in 
series on a 15,000 volt transformer tbc voltage per unit is only 1500 volts. 
The liability to rupture is thus far re1noved. On the o:her band, if ten 
banks of Leyden jars 'vere connected in scrics, thc result 'vould be a 
vcry expcnsive and bulky condcnscr. Both 1nìca condensers and Lcyden 
j ars may be purchascd rcady f or use. 

Commcrcial typcs of Leydcn ja.rs \Vill not stand potcntials in excess 
of 15,000 volts. If thc transformer voltage exceeds this valuc a series­
parallel connection n1ust be uscd. This connection rcquircs four ti1nes 
the number of jars uscd in a simple parallel connectìon. 

It ìs clear from formula (35) page 46, that the rcsultant capacity of 
t.\vo cqual condenser. banks in series is one-half that of one bank. As­
sume, thcn, that '3tandard jars of 0.002 mfd. each are available. Four 
jars in parallel will ha ve a capacitance of 4 xo _oo2. =0.008 mfd. - thc cor­
rcct value for the amateur's transmittcr opcratcd fron1 a. 60-cycle sourcc. 
Sixteen of these j ars \vill be requircd if thc voltagc of thc transf ormcr is 
20,000 and tw·o banks are to be connected in series. Eight jars jn parallel 
\vill constitute a bank, and thc capacity of each bank ~vill be 8 XOW002 
=0.016 infd. \Vith two such banks in scries, the resultant capacity \vill 

be<?· ~IG =0.008 mfd. The voltage across cach bank will be 20,~00 
= 10,000 volts. 

Thc rnajor]ty of an1atcur experimenters use the f oil-coated plate glass 
condenser. Tbe capacitance of such a condenscr 1nay be calculated ·with 
a fa.ir dcgrce of a.ccuracy by formula (34). Glass free from lead and 
''bubblcs" should be selcctcd and photographic platcs, \vhich inay be 
obtaincd f~·om a local photographer, are often used. Flint glass has a 
small heat loss and is preferred. 

A pla.te of glass 8" x 8" a.nd about Ys" in thickness, covered on both 
sides \Vith tin foil, has a capacitancc of about 0.0005 mfd. Sixteen such 
pla.tes in parallel ·will gi ve 16 x O .0005 =O .008 mfd. 

A plate of con1rnon glass 14 '' x 14,, x 5f" covered with f oil 12" x 12" 
\vili hnvc a capacitance of about 0.0016 mfd. A platc 'vìth a conducting 
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su1·face of twice the area wi11, of course, bave 2X0.0016 ~0.0032 mfd.. A 

plate of onc-quartcr that area will have O· ~16 
= 0.0004. mfd. 

The difficulty of calculating the eapacit.y of a glass plate condenser 
lìes in the varying value of the dielectric constant (K). lf it is definiteJv 
known fo1mula (34) is very accurate. ., 
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Fia. 68. Giving a general idea of ·the ~mbly of the gla.ss plate type of hlgh voltage condenser. 
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ASSEMBLY OF A GLASS PLATE CONDENSER.-The asse1nbly 
of an oil-immersed condenser is shown in Fig. 68.. The foil is cut with a 
lug p1ojecting from one corner. The lugs issue alternately from the 
right and left hand co1ne1-s of adjacent platcs. · 

· The foil should not con1e too close to the edge lest sparkirig over the 
edges occur. Allo\v a space of at least one and .one-half inches. 

To at.tach the tin foil to the plates: First, cover the surface of the 
glass with a good grade of thin ftsh glue. Piace in position the sheet.s of 
tiri fo1l, "rh1ch have been properly cut and rolled to srnoothness by a 
"squee$fec'' roller_ Next place the plates in a rack and allow them to 
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dry slo\vly, after \vhich they should be covered with onc eoat of orangP. 
shellac. 1"'hen pile then1 together, first a left plate, then a right plate and 
so on throughout thc series until the unit is co1nplete. Bind thc cntirc 
unit wjth insulat·ing tape or a canvas strip and im1nerse it in a tank of 
insulating oil. S\van & Finch's Special Atlas AAA is recommended as a 
good gradc of oil. 

Anothcr n1cthod for placing the tin foil on the glass is: \Vhcn the 
sheets of tin foil havo bccn propcrly cut place the glass platcs in an ovcn 
and heat thc1n for five minutes. 'l.,hen ren1ove a.nd rub thcrn ~'lith a 
good grade of beeswax. 'Vhilc the plates are still 'varm, rub thc shoots 
of tin foil into place by a "squeegec" and paint the edges ·with hot bees .. 
\vax. Bees,vax has in tna.ny instanccs bccn found superior to shellac 
bccause it does not blistcr. 

vVhile in the sketch of Fig. 68 three banks are connected in series two 
banks are really sufficient, unless the dielectric strength of the glass e1n-
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FtG. 69. The con.struction of a higb. volt.aga eondenser of varù1ble eapacity. 
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ploycd happens to be very 10'\V. The safety rrap ho,vn in thc dra,ving are 
uot strictly cssentiaL A prot.ect.ive g:a.p connectcd across thc transforn1cr 
secondary (to be describ cl la.t~r) affords all tho protection ncccssa.ry . 

It is dcsirable t,o ha.ve a high voltage conden er of va.riable capac-ity in 
t.110 arnateur station. Su eh a condcnscr pcnnits the operator to cxpcri­
mcnt ·with diffcrent capacìties for varying conditions of service. So1ne­
times grcater efficiency wfll be obtained ·with a capacity quite diffcrcnt. 
frorn that originally intended, due to the difference in tbc designs of high 
voltage transformers and the possibility of the set b · ing opera.tcd at 
frequencies above 60 cycles. At the frequcncy of 500 cycles, for cx­
an1ple, a condenser of 0.004 mfd. is sufficient for a 72 k\v. set; for a 
74 kw. set, 0.002 mfd. ·will do. 

E. C. Erikson of California. designed the variable high voltage con­
denser shovvn in Fig. 69. The condenscr is constructed from 8'' x 10" 
photogra.phic plates which are genern.lly ·frce :fro1n. fla·ws. 

The film ma.y be removcd fro1n thc plates by inunersing thcm in t\vo 
solutions. ':rhc first solution is n1ade up in the proportioi1 of ~ ounce 
of sodium floride to 16 ounces of ·water. rrhe sccond solution consists 
of U ounce of sulphuric acid and 16 ounccs of water. Aftcr the plates 
bave been placed in the first solution fora couple of miriutes and then in 
the second soluti on tbc film should corne off ea.sily. 

No·w coming to the construction of Eriksen's condenser it should be 
noted that all of the lugs leading from the foil atone end are joincd to­
gether, ·while those at the opposi te end aro staggcred so tha.t they can be 
conncctcd togcthcr in groups. Tb.ìs construction alknvs the condcnscr 
to be n1ountcd in a \vooden box \vith knife blade switches placed on the 
side to cut in and out the various sections. 

The f oil is cut 6" x 8" with a lug 1" \Vide, 3 '' long. The lugs are 
alterna.ted so that on adjacent plates they come out at opposite ends of 
the pile. The first lug should be placed as at A; the next t'vo as at B; 

' the next three as at GJ· the next four as at D; the i1ext ten as at E and the 
rcmaining twenty as at F. ' · 

'".fhe plates are then covered w·ith vaseline, the t.in foil placed in posi~ 
tion and rollcd with a "squecgcc," and aftcn.vards tho foil is coated on 
the outside 'vith vaseline. N ext, the plates are piled up in the ordcr 
described bcfore so that 20 lugs appear at t,he center atone end, vvhilc at 
the other end there \vill be five bunches of 1, 2, 3, 4, and 10 lugs eaçh. 
These lugs must come out :from consecutive plates and be placcd in the 
~ume position on each plate. The pile n1ay then be wound tight ·with 
tape. 

The plates may then be placed in a ~vooden box with outs.ide di1nen­
sions 1O 11 x 14 '' x 5 ''. The corners of the box are initcrcd, the bottom 
is glued on, and the top ìs fastened \vith nickel-plated, round-hcad screws . 
The box should b'c shellaced or boiled in m·elted paraffine. 'Vhen the 
plates are in place it should be filled with a good grade of transformer oil . 
The oil and vaseline both serve to reduce the brush discha1·ge. 

The knife blade s-~vitches should be mounted on a hard rubber slab 
placcd on one end of the box. \Vood \Vill not ·withstand high voltagcs 
f or any considera ble. peri od. 

By this arrangement" any p.um ber of plates fron1 onc to t\venty may 
be connectcd in thc circuit. For instance, ìf 17 plates are desìred tho 
S\vitches connectcd to the 10-lug, 4-lug, and 3-lug bunches ::-;hould le closed. 
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Forty plates 'vill do f or a % lnv. set. The required nu111bor f or a.ny 
'vave lcngth \vith a fixed primary inducta.nce can easily be found by a 
\Va.verncter. If the transformer voltage exceeds 20,000, a serìes pa.rallel 
connection mu~ t be uscd. 

Sorne ·wirelcss expcrirnentcrs prcfcr to 1nount thoir condcnser plates 
in a "\vooden rark. This construction certainly hn.s tbc advantage of 
ncatneRs and is sirnplcr in that a pnncturcd plate rna.y be I'cmoved with­
out ta.king dO'wn the \vholc condenscr. 

The condonser rack sho\vn in lTig. 70 '\Vas de.signed by a contributor 
to 'l'he "Vireless Age . It 1nay be built to ta.ke any desircd nun1bcr of 
pla.tcs. It consist~ mainly of the slotted picccs A cut to take the plates 
\Vhich are separateci' sa.y ~ inch. Tw·o coppcr busbars e are n1ountcd 
on the front of the i·ack fro1n ·which conncction is made to the pla.tes. 
Ko lugs a.re brought fro1n the pla.t.es, but conncctions bet"~veon adjacent 
platcs and t.o thc busbars are ma.de by the brass contact clips B con­
structed in conformity ·with the dcta.il :F'ig. 70. The re111ainder of the 
construction is sdf-cxplanatory. 

If voltages bclo'v 15,000 are uscd the condenser may be operateci h1 
the open air, but for higher voltagcs the rack, pla.tes and all may be 
im1norscd in oil. If the condcnscr is opcra.tcd in the open air, brushing­
at the edgcs of tho plates ca.n be reduced by coating the1n \vith becsw·a.x. 
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}'10. IO. Condenscr ra<:k for the glass plaw t_ype ot lligh voltagc condcoscr. 

SPARK DISCHARGERS.-The thcory of spark dischargers has been 
given in the preceding chapter. It should be evident that. tbc design of 
the spark gap has a marked effect upon the efficicncy of a wireless trans­
mitter. I t is not sufficient to inercly supply a discharge path f or the 
energy in thc condenser. J\.Ieans in ust be providcd f or rapidly quench­
ing out the oscillations in the closcd circuit before the ante1u~a oscilla­
tions have the opportunity t.o retransfer thcir energy to the closed cir-
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cuit; otherwise oscillations of t·wo frequcncies ~will fiow in the antenna 
circuit and the set \vill radiate t\vo ·wavcs. 

Single \Yave emission, ·with tight coupling at the oscillation tra.ns· 
former, can only be ohtained ·wìth a gap and associated pO'\\'er circuits 
designed so that bctwcen in<lividual sparks the insulating qualitics of 
the gap are rapidly rcstored. If the gap action is prolonged, single \Vave 
emission can only be sccurcd \Vith very loose couplìng. A i·eduction of 
coupling cuts do·wn thc antenna current rcsulting in a decreased trans~ 
mi tting range. 

There a.re f our types of spar k dischargcrs in com1norcial use, viz: 

(I) The plain gap. 
(2) The non-synchronous rotary gap. 
(3) The synchronous rotary gap. 
(4) Tbe multìplate or series gap (commonly called the "quenehed~~ gap). 

The plain gap is generally used wìth spark coil transmittcrs. The 
non-synchronous gap is employed to give a musical tonc whcn the po~ver 
source is 60 cycles or less. The synchronous gap is rarcly used by ex­
perimenters, unless the frequency of the po\vcr supply exceeds 120 cyc1es. 
1.,hc n1ultiplate gap is seldom cncountercd in the an1ateur station although 
it will increase the transmitting range if the complete transmitter is 
properly designed. 

If the frequency of the po\ver supply cxcccds 120 cyclcs the syn­
chronous gap has some advantagcs-the principal one being the uni­
formìty of t.he spa.rk note. But the amateur, in nine cases out of ten, 
will use the non-synchronous rota.ry because hìs power supply is usually 
60 cycles. A synchronous gap at this frequency should give 120 sparks 
per second, a.nd the pitch of thc note \Yould be much Io,ver than tl:a.t 
ohtained ,vith the non-synchronous gap. The latter can oe designed to 
give from 200 t.o 400 sparks per second. The note has n1usìcal charac­
teristics composed of overtones, undertones, and the fundament.al, and 
it is far from displeasing to the avcragc opcrator's ear. In fact many 
operators prefcr it. 

· The experimenter cannot use a. synchronous gap where the po,ver 
. supply is furnished by a loca.I company, f or unifonn sparking ca.n only 
be obtained by mounting the gap on the shaft of t.he alternator of the 
po·wcr su pply. 

The synchronous gap has bccn mounted on the shaft of an a.e. syn­
chronous motor conncctcd to tbc po\vcr supply, but it is difficult to main­
tain an accurate synchronous adjustment ove.r a.n extended period as tbc 
motor is apt to get slightly out of step with the frequency of the sourcc. 

PLAIN SPARK GAP.-The fundan1ental idea underlying the con­
struction of this gap is sho,vn in Fig. 71. T ·wo zinc elcctrodes S-1 a.nd 
S-2, are mounted on brass rods supported rigìdly by t'vo binding posts, 
so that. the sparking surfaces are strictly paralleL The cooling fianges 
are cast on the rod or placed on after\vard. 

The base should be of hard n1bbor, bakelite, or glass.. The binding 
posts sho"t,1ld be mounted so that they do not come in contact ''dth wood 
or 'vith any other materia! liablc to lealc high yolta:re currents. 
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For spark coils the zinc e1ectrodes should be approxiinately Pi 11 in 
"'diameter. J~or more po\vcrful transmitters up to 1 k\v., the electrodes 
need not exceed % 1

' to ~". Blunt electrodcs give a rough spark note. 
Sharp electrodes give notes of higher pitch but they do not cool so rap­
idly, tending to prolong the spark dischargc \vith consequent la.ck of 
quenching ~ Blunt electrodes on stationary ga.ps aid quenching a.nd '\Vould 
be preferable did thcy not tend to dcstroy the pitch of the note. 

COOLtMu f L~NGt~ · Z ll-S C ELECl' ROOE~ 
; i I 

; ; ; 

&AK'EL\'r_f ~lSt/"...­

Frn. 71. Showing the construction of a pJain type of spark gap utiJizing two stat.ionary e1ectrodea. 

The crash of the spn.rk of a 1 kw. tra.nsmittcr is exceed;_ngly loud. 
The gap should be placed in a mufjli-ng box, the lcads to the gap brought 
into the box through bushings possessing thc bcst insulating qualit.ies. 
A fe\V holes must be lcft in the box for vcntilation; t\vo at the bottom 
and t':\'O at the top are generally satisfactory. Placed this way thcy 
tend to create a draft and assist the ventilation. The muffling box may 
be made of ·wood or n1etal. A wooden box should be lined \Vith asbestos 
~"in thickncss. 

B1·ass or coppm· spark electrodes are nearly as satisfactory as zinc but 
zinc electrodes give vcry uniform spark notes and are preferable for 
that reason. The ingenious experimenter can casily design a plain gap 
fittcd with an adjusting hanclle \vhich 'vill permit thc length of the ga.p 
to be rcgulated ·while the spark is discharging .. 

THE NON-SYNCHRONOUS ROTARY GAP.-The rotor of this 
type is mounted on the shaft of a d.c. or a.e. motor. A Vs h.p. motor 
has sufficient po-wer to drive the average gap. The spccd of the motor is 
unin1portant, provided a sufficient number of spark clcctrodcs are sup­
plied to give the desired spark frequency. 

Thrpe different designs are shown in Figs. 72, 73 and 74. In Fig. 72 
the driving motor !1 carries the disc D, 'vhich may be n1ade of micanite, 
bakelitc, dilccto or n1ica.rta. Around the circumfcrence of the disc, 
near the cdge, .holes are drilled to take the rotating electrodcs E 'vhich 
are equally spaced. 

The electrocles E nced not be more than .Vs'' or 316 ti in diameter and 
may be inade of zinc or copper. Copper is n1ore cornmonly used. The 
statìonary electrodes Dl and D2 are the san1c dian1eter as the electrodes 
on the disc. They n1ay be fitted ·with cooling flanges not shown in the . 
dra\ving. 
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The motor arn1ature must have end-th1·ust ivashets of tbc corrert 
thickness so that the end phiy does not excecd !i4 of an inch. Other,vise 
the elcctrodcs on the disc \vill jam against the stationary poin ts and 
\Vreck the ga.p. The electrodes DI a.nd D2, a.re then set up as close as 
possible to elect.rodes E, vvi thou t making actual con tact. J f or the shorter 
the gap the clearer will be the spark note. A high pitchcd note is the goal 
of all an1atcu1s. 

.... 

o 

M 

i'IG. 72. A t:rpe of the non-synchronou.s rotary gap first deve1oped by the 1viurconi Company. This gap 
is fa vored by tbe ama teur cxparimcnt~r. 

The elect.rodes E must all be lined up equally in respect to elect.rodes 
DI and D2. Do this by: sctting up the ends of DI and D2 at equal 
distances fron1 the disc by means of a micrometer ·gauge. The total 
distance betw·ecn thcm 1nust be just slightly greater tha.n the lcngth of 
the lugs E. The latter can then be centered in the disc and fastened 
tightly by nuts on both sides of the disc. The lugs E are, of course, 
threadcd throughout theiI iength. 

Far general an1ateur ·working a gap giving 240 sparks per second is 
sa.tisf actory. Assume that the motor Jl,f rotates 1800 r . p .m., or 30 
revolutions per second. Then, if the disc has 8 spark clcctrodes, there 
\vill be pi-oduced in one second 8 X 30 = 240 sparks. 

A disc 6 72" in diamcter \vill do for a gap \Vit.h 8 electrodes. The 
holes for the electrodcs on the disc shoukl be drilled around a circle 
dra\vn 3 '' from the e.enter 1vith a scriber. The electrodes 'vill then be 
about 1.6" apart. If the n1otor runs on1y 900 r.p.m. the disc should 
have 16 electrodos and should be say 10'' in dia.meter. 

The non-synchronous gap shO-\Vll in Fig. 73 has been used in comn1er­
cial and a1na.teur stations and is one of the earlier designs developed by 
the ~'.Ia.rconi Company~the pioneer in the use of rot.ary gaps. 'rhe 
construction \Vill be understood from the dra-wing. 'l.,~;\;o ncarly semi­
circular pieccs of brass mounted on the fra1ne of the driving motor are 
insulated from each othcr and from the motor fra1ne by hard rubber 
posts cxtending out,vard from a n1etal spider (sho·wn partia.lly in the 
dra·wing). · 

The rotating mcn1ber is an aluminum arm mounted on the armature 
sha.ft 'vhich carries t:wo sparking elect.rodcs. The stationary electrodes 
a.re slotted and held firmly 1 but not tightly ,'by n1achine scrc\\l's, so that 
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if the rotating clcctrodes should accidentally co1ne ·in contact with thc 
stationary elect.rodes thc lattcr \vill turn on the machine scrc\vs and 
protect the gap f rom bcing ·wreckcd.. Onc advantage of the gap con-

R()IOR 

CONI> 

====/ ,_,.....~~~~~~l,,;B~~~ 

FJG, 73. l\lodificd form of the non-synehtonous gtip M dcvclope<l by thc Amcricun Marconi Con1p1lrtY. 

4 ~TATlONARY ELECTRODE5 
5 ROTA1lNG Elt.CTRODES 

MCTAL R\M······ 
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~l 
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. ~ .. BRUSH 

F10. 74. "Vernier" typo of non-~r11chronous rntary gap~ 
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struction of Fig. 73 is that while the rotating electrodes are self-cooled 
by rotation of the arm, the stationary electrodes are given the oppor­
tunity to cool between sparks; for, as is self-evident, the spark discharge 
travels around the circle from one pair of opposite stationary eler.trodes 
to the next opposite pair and so on. The rotating arm need not be more 
than 7" in length and it should be insulated from the driving shaft by a 
hard rubber bushing. The bushing is placed over the shaft and the 
arm mounted on the end. 

il \ 
8 

Fm. 75. Non-synchronous gap designed by an amateur experimenter. 
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F10. 76. Elevation of the support for the stationary electrodes. 



Transmitter Construction 115 

Tbc "i·ernier" gap of Fig. 74 has been used by Expcrimentcrs. 
Note that there are four stationary electrodes a.nd five rotating oncs. 
The disc which carries thc rotating electrodes is insulated from thc 
motor, but is connected to onc terminal of t.he closed oscillation circuit 
by a brush. The other ter1ninal of thc oscillation circuit goes. to the 
stationary electrodcs \Vhich are conncctcd togcthcr. 

It is clear that in one revolution of the disc there v~rill be 4X5= 20 
sparks; hencc, if the disc revolves 30 r.p.s., i.e., 1800 r.p.m., there ·will be 
30X20=600 sparks per second. High spark frequencies may thus be 
sccured ·?tith low disc speeds. Thc note of this gap is somewhat 
supcrior to that obtained '\'vith the t'wo typcs describe<l before. 

~As5éMBLYOF6AP ~ 

Jtr>l1s7 or MArERIAL --

zo 
I 

' 
Fw. / 7. Rotary gap for low poweTS a~ designed by an u.mnt~u r eJt:perimcnter. 

Various amateurs bave sho·~.vn many designs for the non-synchronous 
gap. Thc constructional details rnay \Veli be lef t to the builder as he 
will use the materiai he can most rcadily obtain. Those sho'\vn in the 
follo,ving dra·wings inay suggest othcr dcsigns ·which the amateur can 
work out for himsblf. In ordcr to obtain the best quenching the elec­
trodes should be ·wide and thin. 

A gap which is a variation of Fig. 73, designed by Ralph Hoaglund 
is sho·wn in Figs. 75 and 76. The stationa.ry electrodes, ten in numbcr, 
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are mounted on a \Vooden upright, parallel to thc .rotating arm. 1\. 
fibre bushing for insulating thc ann frorn the shaft is sho·wn at 4. The 
pointed set scre'v 5 acts as an cn<l-thrust to eliminate end-play in thc 
ar1naturc shaft and also acts as a contact for connection \Vith the rotating 
arm. There are ten stationary elecf.rodes spaced evenly on a circlc 6" 
in diameter. Fig. 76 is an elevation of the support for tbc stationary 
electrodes. . 

E. Chester Stephen of Nc\v Jersey has presented the design shown 
in Fig. 77 \vhich is self-explanatory. 

O. Cote of Rhode Island built an alurninum rotary gap like that in 
Figs. 78 and 79. 'l"hc rotor is cast or cut frorn aluminurn. Thc drìving 
1notor is one of tbc s1nall Ajax typc operated offa step do\vn auto-trans­
forrncr cnergized frorn 110 volts a.e. source. The disc is 3}i'' in diarneter 
and has t\vclve discharge points . Each spark clectrode on the disc is 
}4 "x % ''. The disc js }i'' thick. 

e 

TOP'IJE.W 

Fio. 78. Rotu.ry gap fìttcd with an alumhmrn rotor. 

A sound mufiled rotary gap designed by \V. E. 'Vood of l\Iissouri is 
shown in Fig. 80. Thc rotor is enclosed in a fibre tube large enough to 
per1nit it to rotate freely ~ Thc end of the tubo is covered ':vith a circular 
piece of glass as is sho"vn in the illustration. 

E. G. l\iohn and \Valter Maynes of California bave constructcd a 
gap rotated by a novel a.e. motor following the design suggested by 
Prof. A. S. Gordon of the Polytechnic High School, San Francisco. 
The n1otor sho\vn in Fig. 81 consists of an electromagnet wound with 
~ lb. of No. 24 d.c.c. wire, and a steel bar inagnet mountcd on a shaft 
immediately in front of the pole pieces. The shnJt carrying the bar 
inagnct also carrics thc rotary disc. The only disadvantago of the 
design is that in order to itart the bar magnet into rotation it must be 
turned by hand. , 
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If the amateur generates a.e. within his station the non-synchronous 
gap µiay be n1ounted on the generator shaft. For example, a 4 pole 
generator driven 1800 r.p .m. would require 4 rotating electrodes for 
synchronous discharges but if the disc is fitted with 8 or 12 electrodes 
much higher spark frequencies can be obtained; that is, several sparks 
per cycle may be pr<;>d uced. 

FRONT VtEW 

Frn . 79. Details of the rotor. 

Svpporf 
Base 

• 
Fio. 80. Muffiing box fora rotary gap . 
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SYNCHRONOUS ROTARY GAP.-The cxpcrimcnter is not apt to 
use a synchronous gap because hc wants a highcr spark frequency fro1n 
that '\vhich the 60-cycle synchronous discharger givcs. 

The synchronous ga.p is the san1e as the non-synchronous type except 
that the rotor is mountcd on the g;encrat.or shaft and must have a spark 
electrode f or each field pole of the generator. The sta tionary cl cctrod es 
are mounted on a rocker ar1n so that they can be shifted through an are 
of 25 ° to 40 °. By shifting the rocker arm, the spa.rk can be made to 
occur at the peak of the condenser volta.gc, giving a discharge for cach 
half-cycle of the charging currcnt. 

With a 500-cycle sourcc the synchronous gap is very desirable, but for 
frequencies below 120 cycles the non-synchronous gap givcs the higher 
note. ~ 

élf!cfro Magn8f 
·~. ZI/. ac.a--tt-~"'-.l 

© 

Ce; - Prlm~ry Bi11di11g Pos/:s 

Lbmù1aled -
ln;nCore 

"b h, -Bearings 

FIG. 81. Non-synchtonous rotary gilJ> driven by a home-made alternatiog <:urrent mowr. 

THE MULTIPLATE OR "QUENCR"ED'' GAP.-Although recog­
nized as the most efficient gap this type is rarely used by ·wìreless ex­
perimcntcrs. This is due chiefly to the fact tha.t the quenched gap gives 
a poor note wit.h a 60-cycle source. The spark tone is not much higher 
in pitch than the plain gap . The multiplate ga.p is expensive to build, 
for precise machining is essentìal f or good results. _ 

Although the quenched or multiplate gap quenches the primary 
oscillations more effectively than other types and gives a higher value 
of antenna current, unless certain fa.et.or~ of design are taken into ac­
count it 1nay prove less efficient than a.n ordinary gap .. 

Before describing the eonstruction of the ''quenched'' gap, certain 
basic considerations will be pointed out that must be g1ven serious atteu­
tion when this gap is e1npl0ycd \vith ol<linary 60··cycle transmitters. 

First, a rcsona.nce transforrner is dpsjrable as explained on pagb 83. 
Second, a rea.ctance coil n1ust bo placed in thc p1imary circuit ot the 

high voltage transformer. ~ 
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Third, a rathcr smallcr condcnser capacity than that ordinarily used 
with other gaps must be cmployed. 

Fourth, a.n oscillation t.ra.nsformer of the pancake type, permit.ting 
a continuous variation of inductancc, is csscntial to obtain rapid adjust ... 
1nents of resona.nce between the spark gap and antenna circuits. 

Fifth, a motor-genera.tor is most desirable as the source of current in 
order that the phenomenon of resonance at audio f requencies may be 
utilizcd to advantage. 

The author conducted numerous experiments \vith quenched gaps in 
conncction \Vith ordinary a.1nateur transmitting apparatus and found 
tha.t a marked increase of cfficiency \vas obtainecl by obscrving the above 
preca.utions. 

Regarding the construction of t.ho quenchecl ga.p: The sparking plates 
are made of copper, carefully ground, and perfectly inilled. They are 
providcd 'vith beat dissipating surface of sufficient area to take ca.re of 
thc rcquired output. The individual platcs are separated by insulating 
washets of thc correct thickness, so that when the pla.tes are compressed 
the sparking surfaces ·will be separated by no more than 1/lOOth of an 
inch. It is particularly importa.nt tha.t the space bctwccn the sparking 
surfaces be air-tight. To this end the intervening discs or washers are 
treated \Vith special insulating compounds, such as varnish, paraffine 
or boiled linsccd oiL Undcr thc hcat of the gap., the compound vvill 
soften and if the plates are tightly pressed togothcr an air-tight joint 
rcsults , 

As it is customary to allow 1,200 volts per gap the nurnber of gaps 
to be ernployed in a given set can be rcadily calculated frotn the applicd 
voltage. N ot only the voltage of the transformer is taken f or com­
puta.tion; b~ the ava.ilable potential ·when the condenscr is connectcd ìn 

. oo/lng /lt1n9q Sprking 5vr/oce 

- Q(JéNCHEO SPARKoAP PLATE­
(cJ?Oss SECTIO~ 

Fio. 82. · Cross ~ectiùn anJ dimen.Sions of the sparking platea of a quenched gap auitable for a.ma.teu't' 
traru1mitter3 up t.J ~ k w . 

shunt to the ~ccundary ·winding must be t·akcn into consideration. This 
value of potentìal can be dctern1ined by the sphere gap method, for which 
a table is given on page 313. Briefly, this tncthod involvcs the use of two 
spheres or balls of a certain diameter, the spacing bct'\veen ·which is 
gauged by a micro1neter adjushnent, with a corrcsponding scale. The 
d1scharge balls are conncctcd in shunt to tho sourco of high potential and 
gradually separateci until the spark ceases to discharge. The length of 
the gap is noted and reférence made to the table for the corresponding 

.. 
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value of voltage. Rernember that this table gives the maximum voltage 
per cycle and not the r .m.s. value. 

The detai]s of a gap suitable for U and Yz kw. scts are given in Figs . 
82, 83, 84 and 85. The cross section and the din1ensions of the coppcr 
plate are givon in Fig. 82. Fig. 83 sho,vs the general appcarance of the 
platc. Note that the copper surfaccs on \Vhich tbc fibre disc rests has a 
nurnbcr of circular groqves. As the compound on the discs softenst it 
flow:s into the grooves and makes an air-tight joint. 

The plates are first cast to shapc and thcn machincd. This must be 
done very accurately for tbc sparking surfaccs of adjacent plates must be 
strictly parallel. 

- QveNCt-tED 5PAR!(OAPPLAre-

Frn. 83. Showing tbe finìshed spark platea of a quen.cbed gap. 

The sparking surface of each platc as noted in Fig. 82 is 1%11 in 
diameter. The groove surrounding it is % " wide and about 78" dccp. 
The shoulder which presses against thc insulating discs is also ~'' widc. 
The entire plate is 3%;" in diamcter. The washers between plates, are 
3Y$ '' outside diameter, and 1 % " inside diameter. 

The asserobled gap is shown in Fig. 85. The plates are mounted 
between two metal castings boHed to a cast iron base . A pressure bolt 
for compressing the plates is mounted on the right hand end. It should 
be a % '' bolt with a rather :fine thread. ' 
· Although the drawing shows two insulating discs at either end of the 
eiuenched gap plntes it is better to place a cast iron plate between the right 
hand disc and the frame as othcrwise the pressure on the bolt necessary 
to prevent air leakage 1nay puncture the disc , Thc iron end·plate should 
be centcred and countersunk to tak0 the pointed end of the compression 
bolt. 

If the insulating djscs are rnade the samc dja1neter as the plates, the 
experhnenter cJ.n mount two patallel insulatjng rods between the end 
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castings to form a rack upon ·which the plates rest . The platcs and 
'vashers '\vill thcn ccntor themselves auto1natically \vhen t.hey are dropped 
int.o the rack. It, is readily seen that, if the plates are starked up un­
evenly, tho inside edge of thc insulating discs 1nay not covcr tho parallel 
ri1ns of t\\10 adj acent gaps; but if thcy are co1Tectly ccntcrod, the insidc 
edge of thc \Vasher '\vill co1ne to tho ccntcr of the groovc. In event of 
the fo1·n1er 1 sparkìng \vill takc place at the rim and t.he insulating disc 
\vill be punctured, putt.ing that particular gap out of cominission. 

1~he gap should be coolcd by dircc ting thc Llast of a G .. inch fan on thc 
platcs. 

- F1 BRE- WASH.ER -

Frn. 84. Dimen~iou~ of insulating gaskets. 

'HANO R11t111elf' ~ FilJRt! E'"'o A.AT~!J 
C'A~r IRCN 

Ovo~«•r~ 

fv~HED SP.AfjK @f!D~~mbl~d} 
Fw. 85. An ~mbled quencb.cd gap. Tbe p1~te~are mounted in a metal containing raek a.nd compre.sserl 

tightbr by a holt inscrted in the end casting . 

AD JUSTMENT OF THE QUENCHED GAP TRANSMITTER.­
If the ainateur had complete contro] over his po\ver supply it would be 

I 
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possiblc to gìve him the design for a. cornpletc "qucnched'' transmittcr 
\vhich \vould give maximum cfficicncy \Vithout cxperimenting. But 
this is not the case , and rnoreover, a variety of tra.nsf ormer designs aro 
niet with in pra.ctice '\vhich make some experimenting necessary to get 
the best rcsul ts. 

Assuming that tbe complete transn1ittcr is '\VÌrcd up as in Fig. 86 
the inethod far adjustrnent is as follo,vs. A 'vattrneter W and an am­
meter A-2 are connected in the primary po\ver circuit. The watt.meter 
gi ves a check on the prin1ary po\ver and tho a.mmeter sho-ws whether the 
current carrying capacity of the pri1na.ry coil J.J is cxcccdcd. 

If the gap S-1 has 16 pla.tes and the tra.nsforiner potential is about 
lb,000 volts, cùt in about 1 O gaps f or a preliminary trial. 'Then cut in 
about one-half of the prìmary rea.et.ance X, close the key, and note the 
prirna.ry po-wer and currcnt. Change the nurnbcr of gaps and note the 
effect on the po\ver. If tbc povver reading is too lo\V, reduce the rcact­
a.nco of X and bring it p to normal. Thesc tests indicate that the 
circuits are working propcrly. 

N ow disconnect the spark gap S-l and vary thc capa.citancc of the 
condenscr C ( v;hich is assu1ned to be a high voltagè condcnscr of va.riablc 
capacity), until a1n1neter A-2 reads ·a maxì1num. If the capa.cita.ncc of 
e exceeds 0.008 n1fd. for resonancc, reduce e and increase the rea.ctancc 
of .}[. 'Vhcn rcsonance is found add a fevr n1ore plat.es to C until the 
transf orrner· circuits a.re 15 to 20% off resonance. 

Then connect about 10 gaps in thc circuit, close the key, and if tbc 
primary po\vcr does not exceed norn1al proceed to tunc the set and after­
\Vard adjust thc spark note. 

Set the antenna circuit, A, L-l, A-l, E, to 200 ineters by means of a 
wa.vemeter. Thcn vary the inductance of the prirnary L and wat.ch 
thc aoria.l ammcter A-1 for a inaximu1n reading. If the rcsonance is 
sha11), tha.t is ifa slight change of L ha.sa ma.rke<l cffect upon thc antenna 
current, the gap is quenching. It 1nay be well then to try va.rious 
dcgrces ~f couplìng and different numbers of gaps to determinc if the 
antenna cur1~en t can be increased. 

' 

-----
Frn. 86_. Essentials of a tranBmitting circuit suitablo for use with quùnchùd spark dischargcra. An oscil· 

lat1on transfonner providing a contìnuow va.riation of inductance ì.s preferred. 
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A further changc in the capacity of C or the reactance of X may help 
matters. By carrying on a fe,v cxpcrimcnts along thcsc lincs, the cx­
perimenter \VÌll hit on a combination of valucs giving a strong antenna 
current of lo\v decrcment and a single \Vave cmission. The author has 
provcd this in practice. 

Do not allow the gap to overheat. Avoid a temperature over 200 ° F. 
If the transformer has a nurnber of taps on the prìmary coil the 

rcactance X is unneccssary. A sccondary rcactance may be used. It 
is rnade up of a numbcr of pancakes like thosc of the transfobner second· 
ary, placed over an iron core. The prhnary reactancc is, however, less 
expen ive to construct. V cry precise tnning of the spark gap a.nd 
antenna circuits is required for inaxin1urn antenna current \vhen using 
the quenchcd gap. 

Aerial 

L-1 

Radiai/on -
lncl/ca/011 

Fio. 87. A resonance indica tor which may be substituted for a hot-wire ammeter in the antenna circuit Qf 
the amateur transmitter. Rcsonance is indicated by the maximum glow of a smaU ineandescent lamp 
which is shuntcd by a variable .inductancc. 

1 ·~ 

RESONANCE INDICATOR.-To measure the antenna ·current and 
to determine whether the open and closed circuits are 1n substantìa.l 
rcsonance, use a hot ivire ammeter or an arn1neter with a thermo-couple. 
These instruments indicate the strength of the currcnt fio,ving through 
the1n by the heating of a 'vire through \Vhich the currcnt is pass~d. 

Magnetic measuring instruments cannot be uscd in radio frequency 
circuits because of .their self-induction a.nd becausc their coils ·will not 
wi thstand the high vol tages of wirelcss transmi tters. 
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Hot 'vire ammet.ers are rather expensive and a.re not com1non1y used 
in amateur stations. Any device that will indicate 'vhcn the antenna 
current is roaxirnum, a.1 though i t is not calibrated in am peres, ,vill serve 
·as a substitute. 

A snwll batte1·y la1np shunted by a turn of '\VÌre and connccted in series 
·with the antenna cìrcuit 'vill indìcate by its maxi1num incandescence 
that the closed and open circuits are in resonance. An indicator of this 
type is sho\vn in Fig . . 87 1 \vhere a t-wo-- or fou1·-volt batter11 la1np is con­
nected in serics with tbc antenna circuit through the hinding posts A 
and B. Thc lamp L is shuntcd by a loop of copper \vire or flat copper 
strip W, over "rhich the ann C 1nakes çontact. The lcngth of the loop 
·will vary with the strength of the antenna currcnt; usually ìts radius docs 
not exceed 3 ". 

A fe\V trial experimcnts wìth a given transinitter will rcveal t.he 
. correct position ·for the slider C. Jt, is less difficult to judgc a current 

rnaximum in the la1np if thc shunt.is adjustrcd for a cherry red g101v a~ 
the point of resonancc is approached. 

ANTENNA AMMETERS.-T,vo types are in general use. One 
utilizes the expansjon of a \vire or strip hea.ted by the currcn t to movc an 
indicating mechanìsm; the other type cmploys a ther1no-couple mounted 
on a \Vire hcated by the radio frequency currcnt. 

The thermo-couple, wben heated by the radio frequency currcnt, 
genera.tesa direct e.m.f. which, in turn, actuatcs a magnctic instrument 
having the charactcristics of a millivoltmctcr. Thc meter may be 
calibrated dircctly in amveres. 

In the design of hot wire meters coarse wires are to be avoìdcd for 
their resistance changes markedly with thc frequcncy of the current. 
On the other band, if a 'vire of very small diaineter is employed radio 
frequcncy currents ·will penetrate it to thc center and its resistance will 
remaìn substantially constant over a largo range of frcqucncies. If 
large currents are to be 1ncasurcd scvcral such sn1all \.Vires must be 
connected in parallel and one of thcm select.ed to \vork the indìcating 
mechanism orto beat the thcrmo-couple. The wires must be parallel, 
must be exactly of equal length, and the extcrnal leads must be attachcd 
at a point '\vhere the current 'vill distribute itsclf equally through all 
wires. 'Vhen several 'vires are employed they are usually strung on a 
cylinder. 1 

An a1nrnete1· which any 'o/irclcss man who is clever \.vith his tools may 
construct a.t a srnall cost is sho·wn in Fig. 88. C D is a piece of silk 
fibre about 3" long. G H is anothcr piecc about 2" long and is attached 
to the center of e D by a bit of bees\vax. The lower end of G H is '\VOund 
ahout the shaft 'vhich carries the spring S and the pointe1·. The spring 
tends to pu11 the pointer toward the rr1axhnum scale position .. but it is 
resistcd by the fibre thread and the '\vire JiV-1, lfl-26 

When no current flows through W-1, TV-2, thc pointer rests at zero, 
but ·whcn the wire is heated by the passage of radio frcquency currents 
the tension on CD is reduced, relieving the tension opposing the spring S, 
w hich in turn, pul ls th e pointer a cross the scale. 

In the cliagram B ... 1 and B-2 are heavy copper lugs. W-1, W-2 is a 
piece of No. 40 Therlo '\vire (0.003" in dia1neter) about 4" long. Its 
resistance is about 9.5 ohms. Using only onc w·ire, tbc instrument \.vill 

• 
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measure at its maxin1u1n scale, 0.1 a1npere. \Vith several ·ivires in 
parallel the range may be increased to any dcsirecl value. The shunt 
wires rnust be of the sa1ne length and the sarnc dia1neter as the ·wire 
which \Vorks thc mechanism. All 'vires are preferably arranged around a 
cylinder, being spaced equi-dist.antly. 

An instru1nent e1nploying a ther·mo-couple has been designed by 
l\1. 1{. Zinn of Indiana., who says that it v;ras pa ttcrncd af ter the data. 
gi vcn by Chas. Ballantine . Instruments of t.his typc \Vere first en1-
ploycd, co1nmercial1y, by the l\.1arconi Co1npany and thcy are no\v 
co1nrnon in radio sets. Fig. 89 sbo,vs the g:eneral dctails of construction. 
J?ig. 90 is a sketch of thc asscrnblcd inst.rurnent and Fig. 91 sho·ws thc 
method of calibration. 

Six bare No. 40 copper \vires are arranged around circular discs 1 '~ 

-
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éarlh 
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90°Sca!e .... 

Aerial Ammeler 
FtG. 88. Experi.mcn~I bot-wire ammeter which may Teadily be co.nstructed by the wirelc~ experimeut~l\ 
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in diameter, }16 " in thickncss . The cen ters of the d iscs are drilled f or 
8/ 32 machine scrcws, through ,vhich they are fastened to the posts 
A and B. 

Frn. 89. A thcrmo-couple suitable for radio frequcncy measurenieuts. 

The slots for the wires are cut at intervals of GO 0 with a fine hack-saw. 
The ter1ninal posts are made of brass stock ;!4'' square, drilled and tappcd 
as shown in Fig. 90. The pos ts are n1oun tcd on a ;i 11 bakeli te base, 
2"x 6'' being separatcd 4%''. The six copper \vires may then be soldered 
in posi ti on. 

The thermo-couple consists of a piece of No. 36 iron \vire and another 
piece of No. 36 German sil ver \Virc , each 3 " long. The ends of the t '\VO 

F1a. 90, Deta.ils of t hc terminal poets . 

wires are caref ully twisted together and ~hen soldered to one of the 
No. 40 heating wires. The free ends of the thermo-couple extcnd to t\vo 
binding posts mounted on the base. These posts are for connection to a 
millivoltmeter which is to be calibrated in amperes by co1nparison with 
a standard a.mmeter. 

The inethod of calibrating tbe instrument is shown in Fig. 91, where 
a battei~ B, a rheostat R, and a standard ammeter A,,. are connected_ in 
series with the hcating wires. The millivoltmeter is connected to the 
iron element of the thcrmo-couple at Fe and to the Gern1an silver 
element at Gs. 
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Va.rious currents covering the \vhole range of the millivoltmeter scale 
are passed through Am. The scale on the millivolt.meter should at any 
insta.nt be givcn the valuc read fro1n the rnctcr Am. lVIore accurate 
methods of calibra.tion \vili be found in standard clcctrica.I hand books. 

Frank O'N eill of California dcsigncd the 1net.er of Fig. 92. Thc 
pointer carrying mcchanism was made from an old alarm clock. 'rhc 
hot 'virc, vd1ich is a piece of No. 36 ,vite about 4" long, is strung_ bct"wcen 
a hook and an adjusting scrcvv as indicated. ,.fhe pointer, v:ryhich is not 
sho,vn, is a picee of No .. 28 copper \vire soldcred on the shaft carrying 
the l~.rheel and spring.. · 

R: G.s 

FIG. 91, Showing how an a.mmeter with a thermo-couple may be cslibrated from a standard. 

-.... ,~ 
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-
Fw . 92. A hot-wire àmmeter which thc amatcur ma.y construet from p"'rts found a.round thc workshop . 
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AERIAL TUNING INDUCTANCE.- Ordina.rily the 200-metcr station 
does not require an acrial coil separate frorn the sccondary of thc osciUaM 
tion transformer. The seconditry of the oscillation transfòrmcr usually 
has sufficient turns to raise the \vave lcngth of the avera·gc amatcur 
aerial to 200 meters. 
. Thc aerial tuning coil may be of the helical type or afiat spiral pancake; 

the cxact din1cnsions for any given wavc length inay be calculated frorn 
the f ormulae in Cha.pter III. If ba1·e strip or ba.re e op per tubing is 
e1nployed, the turns should be spaced about %" to prevent sparking 
between them. If heavily ìnsulated copper conduct,or is used the turns 
rnay be \vound as closely as possible. A fe,v turns of No. 6 stranded 
wh~e 'vill be satisfactory. 

SHORT WAVE CONDENSER.-The short wavc condenser is re­
quired only whcn the natural wave length of the antenna circuit exceeds 
200 meters. For the average station operating at 200 meters, sorne 
capacitance bet,vcen 0.0002 and 0.0005 mfd. is about corrcct. Severa! 
plates should be connected in series to prevcnt the dielectric frorn breaking 
do,vn. 'Ve have shO'wn on pa.ge46 tha.t a pla.te of gla.ss 14" x 14" covered 
'vith foil 12" x 12" has a capacitance of approximately 0.0016 1nfd. 

Hence, four such platcs in serics will have 
0 ·~016 =0.0004 mfd. capacity 

-about the correct value for a series condenser. 
The short wave condenser should be connected in the earth lead and 

the wave length of the antenna circuit dete1·mined by trial vrith a ·wave­
meter. If it exceeds 200 metcrs tw·ns should be cut out at the secondary 
un til 200 mcters is obtained. 

If the fl.at top portion of the aerial is inore than 120 ft .. in length, a 
short wave condenser of very sma.11 capacitance "vill be required to reduce 
the wave length to 200 n1eters. This ·will decreàse the range of the set 
and it is therefore preferable to shorten the aerial. The author's ex­
perienceproves the desirability of desìgning the antenna with dimensions 
not requ1ring a short "\va ve condenser. 

THE EARTH CONNECTION.-For amateur stations located in 
isolated districts where there are no ''yater n1ains or stea1n pipes for 
connection to the earth a satìsf actory earth plate can be made fro1n 
250 square feet of galvanized sheet iron or copper laìd in moìst earth to, 
let us say, a depth of f ro1n 5' to 8' _ A piece of co p per strip 2 '' in wid th 
should be firmly riveted and soldered to the plates and led directly to the 
oscillati on transf ormer of the transmì tter. Add1 ti on al contact wi th 
the moist earth can be made by driving severaL lengths of galvanized 
iron pipe with a sledge ha1nmer to a depth of 8' or 10' under the copper 
pla.tes. Surf ace grounds or counterpoises may be employed in localìtjes 
having rocky soil. A goo.d surface ground may be made of severa.I 
copper wires laid on the surf ace of the earth directly underneath the aerial. 
Galvanized wire netting lìke that used f or f encing is al so sa.tisf a.ctory. 

Connection should not be made to the gas maìns, as in ina.ny cities, the 
p1pes from the meter to the house chandeliers have an insulating bushing 
neat the meter ~vhich ìnsulates the pipes irom the earth. At every-
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station where it is possible to do so, a piecc of copp~r ribbon, let us say 
2" in v;ridth, or a piece of hea.vily insulated No.2 or No.4 d.b.r.c. ·wire, 
should be attached to tho \Vatcr n1ain on the strect side of the house 
meter. In 1nany ho1nes and apartinent houses it is not possiblc to do 
thìs, and, thereforc, connect.ion inust be made to the stea1n pipes, to thc 
water rnains inside thc house, orto the stcel frani.e of the building if such 
exists. 

In so1nc localitics the under\vriters require that the earth lea.d from 
the appa.ratus be thoroughly insulated do\vn to the point iyvhere a.ctual 
connection to thc carth capacity is made; undcr such rcstrictions special 
insulators should be constructcd to hold the conductor a\vay fro1n the 
structure to ·which it is attached. 

SAFETY GAP FOR THE HIGH POTENTIAL TRANSFORMER.­
Suppose, for exan1ple, that the spark gap ìs ·widened out so that the 
tra.nsformer voltage ca.nnot jump the gap~ Both the transformer and 
the high voltage condcnser are suhjected to an a.bnormal potcntia.l dif­
ference, 'vhìch may puncture the dielectric or break down thc insulation 
of the secondary coil. The liability to breakdo\vn undcr thcsc condi­
tions is far removcd by placing a so-called safety gap in shunt to the 
transf ormer secondary. 

A e B 

e ~ 

~econdary 

l 

éarfh _ ........... --=-

P.t9, 93 ~ Safcty gap for protect.ing the condenscr ~nd t.he seconda.ry coil~ of the high voltttge transformcr 
from I"lptui:e. 

Fig. 93 shows the construction of a safety gap. Two discharge ba.lls 
>1" in diameter are mounted on the ends of tvvo braes rods U" in diam­
~~te>:. . A. third. b.all of. similar dimensiona i.a cente1'.ccl be.tween. the other .. 
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t'\vo and connccted to earth. The spa.cing het\vecn A and the ccntcr batl, 
a.nd Band thc center hall dcpcnds upon the potential of the transformer, 
but ordinarily it is not inore than ~ ''.. If now the main spark gap is 
,~.ridened out abnorn1t).lly, the condenser discharges f ro1n A to C, and 
frorn B to C, protccting the transf ormcr secondary and the condenser. 

1"he space bet\veen elcctrodes A and B 1nust, of course, cxcecd tho 
cffcctive spacing of tho rnain dischargc gap in normai operation or other­
\Vise the safety gap \vill dischargc continually. 

PROTECTIVE DEVICES FOR POWER CIRCUITS.-The electro­
static field around an aerial charged to high voltages is vcry . po\vcrful. 
lt is often of sufficicnt strength to induce disastrous potcntials in ncarby 
circuits \Vhich n1ay rupture the insula ti on of the powet meter, the motor 
genera tot. the primary coil of thc high voltage transf ormm· or the lighting 
circuits in tho building. 1'hcsc induced potcntial diffcrences rr1ay be 
ncutralized by protective condensers connect.cd as sho,vn in Fig. 94. 

FIG. 94. Protcctivc condcnser for thc powcr circuits of a radio-tclcgraph transmitter. 

Two condensers having a capacitance of one or two mictofa1·ads each 
are connected in scries and earthed at the center connection. The re-
1naining terminals are· connccted through fuses of Y2 an1pere capacity 
to the lcads f rom the al terna ting current source or a.cross the powcr lcads 
where they come out of the inetcr. The f uses are necessary in case of an 
accidental short-circuit in one of the condensers. _ 

A set of these condens~rs should be connected across any lighting 
leads that suffer fro1n this source. Graphite rods of 1000 ohms ea.ch are 
often used. for the sarr1e purpose. The ends of the rod are connectcd 
to the power leads and the centcr of the rod connected to earth .. 

THE LIGHTNING SWITCH.-The underwriters' rules in many 
cities rcquire that the aerial of a radio station, 'vhen not in use, be con­
necteçl to e~rth through a; 1 QQ-qmpere single bl~c?(} ~w~tçh ~ )Vi tho11 ~ thf:1 
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proper set of tools the experimentcr wi1l hardly be ablc to construct a 
swit.ch which \vill meet t.hc require1nents.. Single pole, double thrO\V 
s\vÌtches of this current carrying capacity can be purchased at any elec­
t.rical store. Tho switch should h·ave a base of good insulating n1aterial 
and, if n1ounted outsidc the roo1n, should be placed in a metal or asbestos 
lincd box. It is irnportant that the base of the switch possess the very best 
insulating qualities as othcr\vis~ the high voltage currents of the trans­
mitter \vill Ieak to carth. 

~/rip Ct.11JVC7S5 
packedw11h 

while/eod 

Fra. 95. Lea.cl-in insulatol' for tra.n..smitting etati.ona. 

LEAD-IN INSULATOR.-This insulator is employcd to btjng the 
aerial leads throug4 the roof of a buìlding or the side of the house. It 
n1ust be made of tbc very best insulation so that it \Vili not allow the 
high voltage curtents to leak through it. The construction should be 
such that it will be 'vater-tight. The more elaborate insulators uscd by 
commercial companies are beyond the ineans of inany amat.eurs and 
therefore thc sin1pler type sho\vn in the dra,ving, Fig. 95, may be a.dopted. 
It consists of a hard rubber tube, at I cast 16" in length \Vith a hole % " 
to }-2 11 in diameter, which is clampcd to the roof by means of thc \vooden 
blocks, B B drawn together by tbc bolts, E E. 'rhe tube should fit 
snugly \vhcn thc nuts on the bolts are drawn home. A second set of 
bolts is inscrtcd at a and D through \Vhich the wooden blocks are dra\vn 
to the base board. 

'l~Q make the joint watertiJ?ht~ use a strip of canvas sli~htly Iar~er 

-· 
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than the blocks, ·with a. hole the size of tho tube cut in the ccnter. Then 
smear the canvas t.horoughly ·with ~vhitc lead. lnscrt t.he bolts at C 
and D and dra\V the blocks to the roof . If allowcd to dry, a \Vatertight 
joint \vill result, provided the strain of the lcad-ins is removed by ap­
propria te guys. 

The wire extending through the insulator (or a brass rod if used) 
should be at least the diamctcr of a No. 6 d. b .r .e. strandcd conductor. 
It n1ay be made ·wa.tertight by filling the surrounding space 'vith melted 
sulphu1·. A. certain quantit.y of sulphur should be heated in a pan until 
it runs frccly; thc botto1n of thc insulator is then stuffed up with a 
quantity of 'vaste and the sulphur poured in fron1 the top until thc 
insulator is complctely filled. \Vhen dry, the sulphur hardens and 
posscsscs the requisite insulating qualitie's for hìgh voltage currents .. 
A m.ètal eone A 1nay be fastcncd to the top of the rubber tube to keep it 
dry in wet 'veather. 

A very good lead-in insulator 1nay be made by boring a hole in a 
thick pane of glass t.hrough \vhich a brass bolt is placed. Thc strain of 
thc lead-in \Vires must be takon off the bolt by a guy \vire attached to t.he 
lead-ins ncar the po in t w hcrc they en te.r thc ·sta ti on . 

Fw. 96. IIome-made iusulutor for the antenna wires. Th1s in~ulator is suitable for transmitting sets. 

HOME-MADE INSULATORS FOR ANTENNA WIRES.-It is the 
usurtl practicc to insulate the antenna wires from the "spreaders" by 
rods of hard rubber, bakelite, etc6, fitted with an eye bolt a.t each end. 
They shot1ld be from 12" to 24" in length. 

An inexpensive antenna insulator inay be constructed as 1n Fig. 9t3. 
A piece of marlin rope about 16" in length, \vith eyes a.t both cnds made 
by scrving the rope around heart-shaped thi·mbles, is covered with a 
hard rubber tube about 12" long. . 

The tube should be large enough to afford a small air space between 
the rope and tho waH of the tube. A quantity of melted sulphur is 
poured in the tube until thc rope is thoroughly ìmpregnated with ìt and 
the tube filled to the top. If this is properly done a wàtertight encase­
n1cnt v.-~ill result6 The matter of insulat1nn wìth receiving aerials Ì:) not 
so im portant. Small porcelain kno bs i nserted a t the ends of the antenna 
'vires giv e all the insula tìon necessary. 

TRANSMITTING KEYS.-The sending key should have contact 
points that \VÌll carry 15 to 18 amperes without fusing. Platinurn key 
points are . preferred but they are costly. Silve1· contacts are satisfactory 
and are · ·widely used... Platinurn contacts %'' in dìaineter will handle 
15 arnpcres . without. difficulty. Silver contacts ?r(6

1
' in diameter ·will 

bandle tbc sarne current. 
':C4i3_ c_QAS_tll.lc.tj~n~~ - de~~ils. Qf. ~ - tx&nsmittìng key suìt~~le for amateu~ 
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sets are shown in Fig. 97. The lever and the structure tot the levcr 
b€arings are of brass and the knob of ha.rd ru bber. Thc base is made of 
black .fibre. 

EXAMPLES OF 200 METER SETS~-,Vhether the panel or the 
isolatcd instrurncnt. type of transmit.ter is the rnost desirable dcpends 
upon the servicc to \vhich the set is t..o be put. For economy of space 
and for a, fixcd installation \Vith \vhich no further experimcnting is to 
be done, the panel set is to be preferred. The isolatcd instrun1ent 
type appeals to the a1natcur ·who dcsires to experiment fro1n tìrr1e to tiine 
with var.ious circuits and apparatus. Thc argurnent that the panel set. 
is rnorc efficicnt than the isolate<l instrurncnt type ca.rries no weìgh t, f or 
by proper design and by observing certain prccautions in the installation 
t.he scts are equally cfficicnt. . 

The pancl set, in fact, introduces the difficulty of elcctrostatic in-· 
duction fro1n the radio frequency circuits, \vhich may set up high voltages: 
in thc po,.\~er circuits and puncturc the insulation. 'Vithout due pre-· 
ea.ntions in this rcspcct thc panel set 1nay prove a rather expcnsivc· 
experimen t. 

Fm. 97. Con.structiona.l detai.l.e of a transmitting key suitablc for powers up to 1 kw. 
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In pancl s t.s thc lParls t.o the mPrr.suring instrun1ents and, in fact , 
those throughout thr- pri1na.ry pO\V'1 r circuits 1nust be covcred v .. rith a 
metallic coatinu orounrled /.n cu.rlh. Evcn the ter1niuals of the tnctcrs must 
be covered \Vith 1.ncta.ìlù:; caps connectcd to earth. 

Proteetive c.orident)ers should be connectcd across the leads to thc 
rotary gap inotor. All power leads shoul<l, if possible, be i·un at right 
angles to conductors can;ying 1·adio frcquency currcnts, the more so, if 
high voltagcs around 20,000 or n1ore are emp1oycd. 

1..,herc is one distinct advantagc to be creditcd to the panel set; if a 
wave length changing switch is to be employed 1 it can be fitted to the pancl 
set \vith fcwcr rnechanical difficultics than to the isolatccl instru1nent type. 

Installation sketches of t\vo scts using isolated in ·tru1nents are sho,vn 
in Figs. 98 and 99. 'fhe complete wiring bet\vcen the co1nponent instru­
rncnts is indica.tcd. 1..,hc set in Fig. 98 has a gla.~8-plate high voltage 
condenser, \vhil c Fig;. 99 has 4 standard com-niercial type Leyden ;"ars. 
Open core transformers are sho~.vn but closed· core types may be uscd 
as ·well. 
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Fw. 98. Showing the i!.)lstulfa. tlon of an isolated inst.rument typo of rodio transmitter auituble for amateur 
work. 

The operating tabie for the set of Fìg. 98 is placed about 32 inches 
from the floor and is approximately 30" in 'vidth. It may be fron1 6 to 8 
feet in length, according to the space. available, and is, of course, sup­
portcd at intervals by 2" x 4" uprights. 
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The high potential transfornler is placed under the table and to thc lcf t 
in the dra\ving. The secondary terminals of the transforrner a.re insu­
lated by corrugated hard rubber bushings B-I, capable of v.rithstanding 
potentials up to 20,000 volts \vithout leakage. The safcty gap con­
nectcd across thc tcnninals consists of 2 discharge electrotles connect.ed 
to thc terrninals of the transformer and separateci sufficiently to prevent 
discharge \Yhen the rnain gap is in action. 

The condenscr rack is insula.ted from the operating table by corru­
ga.tcd porcelain or elcctrosc legs. For operation at the wave length of 
200 meters, the condcnser may consist of 20 plates of glass 14" x 14'' 
\vit.h a.n avcrage thickncss of ~". Thcy are covercd '~ith tinfoil 
12'' x 12''. 1~here are two 10-platc banks connecte<l in series. Other 
di1nensions may of course be used as long as thc propcr condenser capacity 
is provided. 

'rhe leads extending from the transfonner secondary are led up 
through the table through thc insulating bushings 11-2, and are attached 
to the binding posts B-4, \Vhich are 1nountcd on h_ard rubbcr slabs on 
the edge of tbc condenser rtJ.ck. No. 18 d.b.r .c. \virc \Vill casìly ca.rry 
the secondary currcnt, but a neater j ob 'vill be done if ;{6" coppcr tubing 
is ernployed, as it is self-supporting when attached to t.he .binding posts, 
B-1. 

The tabs of tinf oil f rom tho condenser plates are attachcd to the 
binding posts B-4. If the bru8h dischargc is cxccssivc thc plates may 
be i1nmcrscd in a metal or porcelain tank, fillcd \Vith a goo<l grade of 
insulating oil. Howcvcr, oil imn1erscd platcs of tcn do not prove practi­
eal, as it is difficult, cvcn \Vith the best gradcs of glue, to kccp the tinfoil 
on the plates when they are oil-immersed, unless they are sta.cked up and 
boun<,l together closely \vith insulating tape. 

The oscillati on trans! ormer is su pported by the pillars, P-1, and the 
cross rod P-2. The pri1nary is pennancntly fixed to the rod, but thc 
secondary may be slid backward and forward f or variati on of the coupling. 

The prirnary coil has about f our turns of % '' copper tubing, \vith the 
turnsspaced %" apart. Itisfrom8" to IO"indiameter.. Thesecondary 
coil contains from 8 to 10 turns, spaced ~,, apart, and may be the san1e 
size of tH.bing. To sccure a pure wave a.ccording t.o the U. S. la\v it is 
usually undcsirable to have the secondary coil inside of the primary coil; 
generally there is an air space intervening of from 2 11 to 3 ''. Both thc 
prinlary and secondary turns must be \Yell insulated and, in consequcnce, 
it is ncccs$ary that the supports of each be made up of sorne good insu­
la ting rna terial, su eh as a high gradr- of hard ru b ber, porcelain, bakcli te 
or mica.rta or any of the ·well kno\vn insulating matcrials. 

A spark gap G, is placed bet\veen the condenser and oscillation trans­
former and it ma.y take one of several dc'"' igns. Amateurs are accus­
tomcd to use thc non-synchronous gap, \Vhich usually consists of a disc 
of insulating material, 6" to 8 '' in dian1et.cr '\>vith a scries of equally spaccd 
discharge electrodes mounted on the shaft of a n1otor, rotating from 
1800 to 2400 r .p.1n. 

The terminals of the gap 1notor are connectcd to the top terminals of 
a 10-anipere po,vcr s\vitch by mcans of \vhich it can be started and 
stopped. Various mcthods can be devised f or starting the motor; on~ 
is to :fit the antenna S"\Vitch 'vit.h an extra set of contacts so that when 
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it is thrown into transmitting position the circuit to the motor is closed. 
It is much sitnpler, ho\vcver, for tho beginncr to employ the method 
shown in the dra,ving. 

The antenna switch S-3, is a single bladc, doublo thro-w S'witch, which, 
when thro\vn to the left, connect.s one tern1inal of the secondary \VÌnding 
of the sending oscillation transfonner to the antenna and, \Vhen thro"'n 
to the right makes contact with a line leading to the prin1ary of the 
receiving tuner. In thc ccnter position the bla.de connects the antenna 
to the earth lead at the point E, inaking an cfficìcnt lightning switch. 
To comply with the under·writers' regulations, this s~ritch rnust be 
capable of carrying a currcnt of 100 a.mperes a.nd, to accord vvith tbc 
requirements of \vircless installations, all contact studs ~hould be spaced 
at least 6" to prevent the direct discharge of antenna potentials over the 
base. It is, of course, evident that the lcver and studs of the S\vitch 
n1 ust be rnoun ted on a go od insula ting materia] , ·w hich ·in no ca se shou.ld 
be of slate. A good grade of hard rubber, bakelite, or micarta will fulfil 
thc requiremen ts. . 

A connection is extended from the aerial lead-in \VÌres t.o the lever of 
the changc·over S\YÌtch through an insulator, '\Vhich is a hard rubber tubo 
'vith \Valls % " in thickness, '\vith a ~" hole. A brass rod threaded at 
both ends and fitted 'vith nut.s and connecting lugs, is passcd through the 
holc and firmly fasicncd in place. As an alternative a hole can be 
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dritled through a. "vindo\v pa,ne and a. bra.5~ rod passed through it, but the 
incoming leacls of thc acrial must then be \vell backstayed to remove th~ 
strain fro1n thc glass. 

'rhe right hand stud of the antenna change-over switch is connccted 
to the antenna post of tbc rcccìving tT11cr and the carth connection fro1n 
the lattcr ma.kes contact at the pol.t.1t E-1, to thc ·wire to 'vhich the 
transmittìng ground lcad is attaehed. '" ith this typc of switch in use 
the receiving tuner should be fittc<l \Yith a shunt S\VÌtch to protect the 
detector fro1n the local oscillations of the transmitter during the period 
of transmission. 

The trans1nitting key is mountcd immediatcly to thc right of the 
tuncr, and ìs pla.ccd far enough from thc cdgc of thc tablo to allow tho 
sendìng onc:ratort~ elbow to rcst on thc lcdgc. 

~fhe hot-·wire ammetershould be mounted on an insulating stand mad8 
of a sheet of hard rubber or other suitable rnaterìal of the co1ircct di1nen. 
sions to suppo1't the meter.. The base should be insulated f ro1n the wall 
by hard rubber legs. It is not nccc . ary for this rneter to be mountcd 
on an insulating support whcn connected in serics ·wìth the earth lcad~ 
but the Electrical Inspectors Code in many cities requires that this be 
don e, regardless of the poin t a.t \V hich i t i s connected. 

A ~ k·w. tra·nsmitting set of slightly dìfferent design is sho,vn in the 
sketch of Fig. 99, ·which inclu<les a Y2 k·~N. open core transformcr, four 
standard copper phtted Leyden jars of the type n1anufactured by thc 
J\.-Iarconi Company (capacity 0.002 mf d. oach), an oscillation tra.ns­
former inounted directly a.bove thc condcnscr, a non-synchronous rotary 
spark ga.p, an aeria.l change-ovor S\Vitch and a hot wire aerial ammetcr . 

.. 
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Fta. 100. Details of the jar rack for the inst.allat1on of Fig. 00. 

Note that the condenser jars are mounted in a wooden rack, the base 
of \vhich is covered 'vith a sheet of copper. Srn,tll upright posts 1" x 12 '' 
support the top piece showu in Fig. 100. The holcs to take the jars are 
4~ '' ìn diametcr. 

Fa.stened to the top ot the rack is an upright rod of metal, hard 
rubber or of wood, which supports the prin1a.ry and secondary coils of 
the oscillation transformer. It \vill be sccn that \Vith this arrangement 
of apparatu~ the connections in the closed circuit are very short. The 
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co1nplete closed oscillation circuit can be traced out in the follo\ving 
manner: The four leads fro1n the inside coatings of the four Leyden jars 
are connected to thc binding post C, which is n1ountcd on the base of the 
prirnary ·winding of thc oscillation transformcr. The circuit continues 
through the turns of the pri·mary coil, out the top to the terminal E, of 
the rotary spark gap. rrhc circuit then goes through the disc of tbc 
gap, out. the electrode F, and finally to the binding post B, which in turn 
is connected to the copper strip at the base of the ;·ar rack. \Vith the 
apparatus rnounted in this \vay no inore than tvvo or three turns of the 
primary \Vinding are required for the wave length of 200 n1eters. 

The primary \Vinding is n1ade of coppcr tubing % " in diarnetcr, spaced 
~ 11 from ccnter to center of the turns. This tubing is fastened to hard 
rubber supporting posts by mcans of brass n1achine scre·ws, the copper 
tubing and the hard rubber post being drìlled accordingly. 

The secondary \Vinding of the oscillation transfor1ncr co1nprises frorn 
6 to 12 turns of No. 6 d.b.r .c. ~lire ·which are closely wound. The top 
terminal is connectcd to one binding post of thc acrial meter \vhile thc 
opposìte terminal of the meter is connected to earth. The othcr tern1inal 
of the secondary 'vinding leads to point J( of the acrial change-over 
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switch, extend to the contact biade L 1 and thus on t.o the aerial. 'Vhcn 
the switch is thro\vn to the contact point il, the aerial is connected to 
thc recei v ing eq uì prrH~n t. 

Drilling and over-all dimensions for the rotary gap disc appear in 
Fig. 101. A inotor should be selected that revolves 1800 r .p.m. The 
disc, mounted on the shaft of the motor, should be about 7'' in diam ... 
eter and should have eight or ten sparking points equally spa.ced about 
the circumf erence. 'rhcso n1ay be 1nade of machine scre'\vs Ys" or 3{6 '' 
in dian1eter. The sparking points should be pln,ced on a radius 3 '' fro1n 
the cent.er and the stationary electrodes E and /11 should accordingly be 
separated about 6 ''. 'Vith this design 240 sparks per socond are obtained .. 
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liia. 104. Pane! transmitter designed by a U. S. experimenter. 

design deservea special s.ttcntion. 
The good wurk.manship indicated in this 
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S.P./J.r. H. r. 
Kni /t!! .Sw. 

~ 88- S S-f-n7na'ed· 
Co.ble 

~---~~-Cohdo/'lser 

FIG. 106. Lcft band $ide elcvation of Fig , 104. 

. Oscil/ol/~n 
ff(717S /brmet'" 

SP.LJ. r. h'.4 
k111~Sw. 



142 Wireless Experimenter's Manual 

The top and base for the prin1ary 'vinding of the oscillation trans­
forrner are const ructcd as sho"·n in Fig. 102. Fig. 103 gives thc dimcn­
sions of the dru1n for thc sccondary coil, \Vhich inay be of wood. 

The acrial amn1eter is inountcd on a board imrnediately behind the 
rotary spark and at such a height that the reading of thc scale is directly 
visiblc. The aerial change-over S'\vitch is similar to that sho\vn in Fig. 98. 

A representative panel trans·mitter designed by A. R. Zahorsky of Ne-\v 
York City is shown in Figs. 104, 105, and 106. The panel indicates 
first-class "'Torkmanshìp throughout and sho\vs what ma.y he clone ·when 
mechanical as \Vell as electrical <letails are given careful attenti on. The 
over-all di1nensions are given in Fig. 104. Thcy inay bave to be altcrcd 
somewhat to suit the instruments and inaterial '\Vhich the a.1nateur has a.t 
band. rrhc sketchcs, ho,~ever, suggcst othcr dcsigns that 'the builder 
may \.Vork out at his convenience. . 

The panel shown in the accompanying figw"es, inay be 1nade of tran.~ite 
asbestos wood f ro1n ~" to %' '' thick. This is thc bcst kind of material to 
use, because it is cheaper tha.n slate or inarblc, is more ca.sily work0d and 
is fireproof. Ho,vever, a neat panel may be built of 1" oa.k or pi ne boards 
and given t'\VO coats of . ftoo1~ varnish. The panel is mounted by means of 
'\vood scrc·ws on t.wo, 2" x 2" wooden uprights, or on iron brackets braced 
15" frorn thc '\Vali. 

For s\vitching from a t ransmitting to a receiving position tw·o single 
po le doublc throw high tension knif e S'witches are employed. Thc 
blades.as shown in the sidc elcvations, Figs. 105 and 106, are interlockcd 
by means of bell-cranks and levers. They are operated by a levcr approxi­
matcly 2' long- 7" from the fioor. This places it . in a convenient 
position fora man sitting in a chair. 

The conductor for the oscillation transformer shown in Fig. 106 should 
be no smallcr than No. 4 B&S stranded bare or insulated cable. If none 
is a.vaila.ble, the arna.teur 1nay build up an equivalent cable by t'\visting 
together 27, No. 18 B&S bare wires, or 40, N ò. 20 B&S wires. The 
secondary coil has t\YO turns, the pri1nary 5 turns. Thc conductor for 
both primary a.nd secondary of the oscillation transformer are wound on 
crosses made of pìne boards impregnateci \VÌth paraffine. Both coils 
are supported so that they may slide back and forth on a square brass 
rod set into the front of the paneL The coils are 10 '' in dia.rneter. 

The condenser in the primary circuìts is built up of thhteen % " 
glass platcs 12" squarc. Half the plates a.re coated with extra heavy 
tinfoil 9" square applied to both sidcs. Terrninal lugs are p1aced on the 
case, one on thc lffwer edge, th~ othe1 on the side. They are prefetwably 
ma.dc of thin shcet copper . In assc1nbling the condenser a plain glass 
plate is placed bet \veen t"'~o coated plates to vary the capacity. This 
method avoids takìng taps f1'om the helix, the rr1orc comr~1on mcthod. 

The rotary gap is onc of the Marconi type of dischargers The disc 
is made from a piece of rcd fibre ;4" thick, 10 1

' in diametetw an<l i1npI'eg­
nated '\vith paraffine. It has eight %" brass studs spaccd equalJy around 
the circumfercncc and fastened by rneans of a. thin nut on each side. 
'l'hcse nuts are made thin by cutting a %1

' bl'ass nut in t\vo with a hack 
sa\v. The driving puJley should be about .3" in diarnetcr. . Thc disc 
and pulley are mounted on a picee of ~/g 1' dr11l-rod 6" long '\Vh1ch serveb 
as a shaft. The rotary gap should be driven by a small induct1on n1otor 
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and run about 1800 r. p .in. giving 240 dischargcs per seeond. 
of thc pulley on the inotor depends upon thc n1otor speed. 
bclt .scrves as <1 drìving inedium. 

'4~85. S'tl'. 
\_ lf:C Còfll~ ..__ 

""11 ,{'!& .s ::1rr12Al(ft!t/ 
Bore-C.ab~ 

(j/Q$'5 Piote 
Conden!Jt:r 

Fto. 101. Wirìng dis.gra.tn of the apparatus in Fig. 104. 
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~rhe size 
A leat.her 

The hot-wire ammeter on the left hand side of the panel should bave 
flexible leads with spring clips so that it may be inserted in the acrial 
circuì t w hen req uired. The ot her am1neter is placed permanently in 
the 110 volt supply Jine as shown in the vt'iring diagra1n Fig. 107. 

The special featurcs of this transmitter are the short lcads in the 
oscillating circuits and the lack of sharp bonds or k1nks \Vhich ·would 
cause leakage at h1gh voltages. Ali sharp corners on both conductors 
and insulators should be rounded off \vìth a file. The insulators shown 
on the high tension knife S\vitchcs may be of porcelaìn, electrose, or 
hard wood baked dry and then boiled in paraffine. High volta.ge insula. 
tion is necessa.ry. 

1.,he diagran1 F1g. 107 does not ~how protcctivc condenser~. A 
protective unit consists of t\vo onc-microtarad condensers· connected in 
series. The centrai ·,vire i.s connectcd to earth and the two out_side wires 
acrosg the po\ver line close to the rnetcr . A protective spark gap might 
also be connected across the secondary of the high voltage transformcr 

1\ panel set of lcss cxpcnsive constru ·tion has been shown by H. R 
Ilick of Conncc~1cut of \Vhich the front and sidc vic\vs are givcn in Fig. 
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108. No. 1, on the front. vic\v, is an acrial hot \Yire a1nmet~r; No. 2 
is a. shunt ::rwitch f or cutting it out of the circuit 'vh~n not in usf'. No. a 
is a contro~ knob \Vhich, \Yhcn pullcd in n.nd out, varies the conpling of 
thc oscillation transfonner. 

A single blade antenna change-over s-witch is indicateci ~ .. t No. 4. 
The blade should clear the knob of N" o. 3. No.· 5 and No. 6 are laro-e 
size snap s\vitches; the f ormer closPs the power circuit to the t1:~1nsf onJl'-~r, 
the la.tter starts and stops the rotary gap 1notor. 

2 r-' ---1----~ ~ 

FRONT PLAN 

t I 
I I t ~ SiDf. Pi.AN 

A
___..., 

4 I 

PAN EL TYPE RADJO TRANSM,TTER. 

FIG. 108. Sìmplo pancl set de.signed by an experin1enter 

The driving n1otor for t.he l'Otary gap No. 7 is mounted behind tha 
pancl \Vit.h the shaft. cxtcnding t.hrough the panel. 'Thc s\vitches No. 8 
vary tbc capacity of the high voltage condenser \vhich compriscs sevcral · 
units of thc moulded type. The high voltage transformcr is indicatcd 
at No. 10. A variable input is obtained by thc multi-point switch 
mounted on the t.ransformer box. -

Ou tlining tho construction of a sin1plc pan cl transmit.t.er suitablc · 
f or the ama teurs finan ci al rcsources an d mcchanical a bili ty, C.· S. Ballan­
ti ne suggested the. arrangcrncnt of Figs. 109 and 110. A quenched gap 
is cmployed. The oscillation t.ransforrner is one of t.he helical type 
(sho'Nn at A Fig. 110) and im1nedìately above it is an aerial tuning coil B. 

" rfhe condenser at the bottom of the panel has t'\YO sectìons of the Inoulded 
type, the capacitance per section being 0.Q017 mfd. -
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The source of high voltage is an induction coil fitted with a magnetic 
interrupter. The plan presented is equally applicable to an a.e. trans-. 
former set. 

In Fig. 109, the condenser busbars are indicated at 3. The change-. 
over switch and coupling adjustment handle are shown at 4, while 5, 
and 6 a.:e three-point wave length changing switches; one for the primary 
turns aud the other f or the secondary turns. T aps f rom the two coils 
f or three suitable wave lengths are brought to the contact points on the 
switch. 

0 ·~ 

® (@ 

. 
~ 

1 
;r -n" 
...t.. 

- -jf 

Frn. 109. Panel transmitter using a spark coil and a small quenched gap 

The notation 7 is a binding post f or connection to the aerial lead-in 
wire. A small quenched gap of 4 to 6 plates suitable for spark coils is 

· indicated at 2. 
The secondary coil of the oscillation transformer is wound with 

ordinary flexible lamp cord, the equivalent of a No. 14 wire. The 
primary turns are of No.8 wire. The details of the wave length changing 
switches shown in the side view of Fig. 110 are not very clear, but the 
undamental idea <?f construction is treated in ~he f ollowin!? para~raph, 

• 
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Fig. l l0.- S11owing the po~ition of tho wave length cha.oging switch and othcr ìnstnuncnts in tbe se-: of 
Fig. 109. 
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FIG. 111. A spark transnii t ting set colllp..<tetly moun.tod. 

Fig. 111 sho\vs a compact spark transn1itting set n.ot of the panel 
type1 designed by Roger G. 'Volcott of Vi1~~ini~. The çabinet h~~ ~ 
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slate front for the po\ver contro! s\vitches. A pancake oscillation trans­
former is mounted on t.he top. The position of the seçondary is fixed 
by the set screw F. 

A is a closed core t.ransformer, B a high vo1tagc condcnscr, and C a 
partition bet,vecn . The rotary gap is mounted external t.o the cabinet. 
I t sh ould be p l aced n car by to keep t.he leads in the closed oscilla ti on 
circuit at a miniinum length. 

WAVE LENGTH SWITCH FOR TRANSMITTERS.- It is a distinct 
advantagc t.o fit a. pancl trans1nittcr 'vith a \Vavc lcngth changing s-witch. 
These s"ritches are no,~~ comrnonly used in government and commercial 
'~~ireless telegraph t.ransmitters ~ · 

A lnechanical S\vitching arrangement of any type ·~hich will change 
the inductance or \vill inst.a.ntly change the .indcctance and capacity of 
the open and closed circuit.s fo1· several \vave lengths, \vi11 pcrmit the 
opera.tor to use one of these 'vave lengths to "feel'' his \vay through 
"ja·mming'' in a 'vay ,~·hich the ordinary design does not afford .. 

It must be un<lcrstood that for each wa1 e length not only a new value 
of prirna.ry and secondary inducta.nce n1ust be found , but thc tra.nsforrner 
coupling must be changod a.s \vell. It 111ight seem at first hand tha.t two 
si1nplc multipoint S\vitches, one in the priinury and the othcr in thc 
secondary, ·would fulfil the rcquiremcnts, if the tapb on thc osci11ation 
transf ormer V{ere correctly located f or each wave lcngth. But in addition 
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to this the trt:1nsformer co11pUng \V~uld bave to be altered for each wa.ve 
length and this \Vould necessita.te sn added operatìon. HO'\vever, if thc 
sc~e1ne of switchcs and connect~ons sho\vn in Fig: 112 is used, the prin1ary 
co1l L-1 and t.he secondary co1l L-2 rnay i~en1a1n a fixed distanec apart. 
for all wave lengths and the coupling changed by varying the nu1nber of 
t.urns in the secondary L-2 and t.he loading coil L-3. 

No n1echanical detaìls a.r~ given in Fig . 112.. These a.re left to the 
builder. The object of the ~ketch is to sho"v t.he basic principles of a · 
'vave length changing S\vitch. L-1 a.nd L-2 a.re spira} coils 1nounted 
parallel. The priinary vvave lcngth S\vitch is mounted in front of the 
primary L-1, and the secondary S'\Viteh irnrncdiatcly behind L-2. l'ho 
for1ner bas three contact studs \vhile the latter has six .. 

Frorn the switch points A B C of the prin1ary S-\vÌtch, lcads a.re ex­
tended to the primary inductance tapped on the coil a.t \vhatcver points 
wiH give thc desired wave length. The .positions for the taps are, of 
course, found by a wavc meter. The wave lengths for a 200-met.er set 
Inight, for cxample, be 150, 175 and 200 rneters and "\Vith the switching 
arrangement bere p1·ovided the operator rnay use a.ny of thesc a.t his 
<liscrctìon. 

Note that fo1· the 200-meter \vave the sccondary switch closes the 
circuit between coils L-2 and L-3, at the contact points F a.nd F '; f or 
the 175-meter \Vavc at E and E' t and f or the 150-nieter wave at D and 
D'. Tbc s'vitch points D', E', and F' are connected succcssively t.o an 
increasing number of turns in L-2; as are D , E , and Fon L-3. 

This affords a progressive increaso of induct.ancc as the \Yave length is 
raised although these cannot be said to be the cxact relative positions 
of the contact clips on the oscìllation transforrner for maxi1num antenna 
current at the sevcral wave lengths ~~hen in actual use. This vdll be 
cxplained p14esently. 

1"he blades of t.he primary and secondary s~ritches ca.n be a.ttached 
to a rod R controlled by the handle 11 \vhich may extend through thc 
front of the tra.nsrnìtter pancL This rod may pass through the center 
of the supports of the prirnary and secondary coils. I t. should be made 
of so1ne good insulating materiaL _ The coil L-1 1nay be f astened rigidly 
to the panel, but L-2 should slide on the rod R. ' It is not nccessary to 
provide a control handle to vary the spacing bet·ween L-2 and L-1 as 
this may be fixed \vhen the correct posìtion for L-2 is found. For 
quenchcd gaps thc spacing is about 2", but for rotary gaps it may have 
to be 4" to 6 ". 

The contact studs of the '\Vave length changing switches 1nust be 
mounted on good insula ting inaterial o Sheets of dilecw or bakelite 
erected parallcl to the coils w-ill be suitable .. .. 

For thc 200~meter set opcrated a.t the three wave lengths which ~ve 
have already mentioned, tbc capacit.y of the condenser C cannot, exceed 
0.004 to 0.006 mfd. unless the connections in the spark ga.p oscillation 
circuit are extre1nely short. For it can be readily seen that. if the capa.ci­
tance of the condenser \vere 0.008 1nfd. for exarnplc, a.t the shorter wave, 
(150 meters) substantially no turns could be cut in at t.he primary. .. 

In rcgard to the use of the loading coil L-3 the experimen tcr should 
knov.r that there are t\vo wa.ys of obtaining some desired degree of coupling 
f}Gt,~t7cç~ ~l ~~g ~-2 ~ flù·st ~ the spacinv bet·iv~en f,--1 <:ind L-2; rnay b~ 
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va.ried until maximurn antenna rurrent and a pure wave ~s sècured; or, 
~eoond, L-1 and L-2 lnay be placed fairly close to one another and the 
couplinq t'aried by cutting out turns at L-2 a.nd adding a si,mila.r a·mou.nt 
of inductance at L-3 so as not to change the wave length of the complete 
antenna circuit. 

To surnmarize, if L-1 and L-2 are separateci one or two inches and 
the coupling js t.oo close far maxhnum antenna current cut out turns at 
L-2 and add an equivalent number at L-3. If the coupling is too loos(l, 
add turns at L-2, and take out an equivalent nurnber at L-3. 

It is nov1 clear that the use of the loading coil L-3 pern1its variation 
of the transforiner coupling 'vithout disturbing the . pacing bet.'wecn .L-1 
and L-2. It is equally clear that the \Vavc iength S\vitches n1ust he 
mountcd on the pancl as nca.r as possible to thc radio frequency circuits 
in ordcr that all connrctions inay be of a minitnun1 lcngth. 

The only \vay to find thc correct number of turns to be cut in at L .. 2 
and L-3 for each 'vavc lcngt.h is to try them out ~ il.1 the meanwhile 
noting thc rea.ding of the aerial ammeter for maxiinum current . The 
primary circuit should be cu.librated by a " rave1neter. This insurcs the 
corrcctness of the \Va ve length of the antenna circuit \Vhen it has bcen 
tuncd to tne closed circuit. J ust ho\v far L-2 is to l e place<l f ro1n L-1 
for its final position -must also be found by expcrirnent. If thc set. is 
tu ncd according to the f orcgoi ng ins tru ctions thc o pera tor nced only 
thro\v the swit.ch in. order to change the \Vave lengt.h .. T'he advantages 
of such a svtitch are obvious. 

BUZZER TRANSMITTING SETS.- The sitnple vibrating buzzcr 
serves rnany useful purposes around a ·wireless station. A so-ca.Iled 
"test b-uzzer" is a part of every re cci ving set. 

For inany years buzzers bave bccn c1nployed to energize oscillation 
circuits. Sma1l buzzcrs bave been uscd to transinit over distances of 
several n1iles . In fact, the author recalls djstinctly a buzzcr used in 
1904 to transinit radio signals bet·ween t\vo stations four milcs apart. 
A high power buzzer transmitting set permitting transmjssion over 100 
miles was developed during the \Var. Installcd in a.n airplane the signals 
were distinctly reada.ble 25 miles distant, using 9. simple crystal 1'ectifier 
as a detector. 

Fig. 113 shows the basic idea of the circuits. By giving heed to the 
follo\ving details, any cxperitnenter \vith thc necessary tools will be able 
t.o construct a vibrating spark transmitter that will giva satisfactory 
communication up, to lct us say, 50 1niles. 

The principle f eaturc of Fig. 113 is the buzzer itsclf, consisting of a 
large open core magnet in front of which is 1nounted the vihrator spring 
S-1 carrying a silver contact C-1 about l" in diameter. The stationary 
contact C-2 is of thc same matcrial and of thc san1e diameter. The 
spring S-1 should be rathcr stiff and if it is not an adjusting screw may 
be attached near the botto1n to increase its rigidity. I t is 'vcll to ha ve 
adjust.able spacing between the magnet core a.nd the iron armature I. 

For use with ·a 500·volt d.c. source the magnet should be \vound 
'\Vilh 2800 feet of No. 32 d.s.c. wire on a core .about 5%" long and lUf~ 
in dia1neter. ·The core is made of a bundle of No. 22 iron wires. 

The condenscr e should be of rather large capacity \Vhile L, the prim-. 
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Fra. 113. Fundamental cireuit and constn1etional detaiJs of a high powcr hu7.zer transmitter .suits.ble 

for 20 to 100 miles communicat.ìon. The source of power is either 110 v. or 500 v. d. e. 

ary of the oscillation tra.nsformer nccd only bave a single turn. It is 
claimcd tha t the oscilla tions in the spar k circui t are highly dam ped, so 
that irnpact excitation is obtained. It is claimed further that the priinary 
and secondary circuits necd not be in exact rcsonance, although bettcr 
rcsults are obtaincd if thcy are in resonance. The capacity of ·e should 
be changed f or different \va ve lengt.hs and the ex a et value f or n1aximun1 
antenna current found by triaJ. A ca.pacitancc of 0.013 mfd. is suitable 
f or 200 meters. 

'Vhen tbc vibrator is in operatìon an audio frequency discharge occurs 
between thc clcctrodes C-1, C-2. Although the pitch of the note is not 
high it is fairly uniform. As the separation between the electrodes C-1 
and C-2 increases (during vibration of the gap) tbc oscillations in the 
first part of the wave train bave unda1nped characteristics but as the 
separation bcco1ncs grcater thcir an1plitudes fall off, giving the oscillation 
damped characteristics. The undan1ped characteristic becomes n1orc 
11rominent, at the shorter '\vave lengths. Successive trairts do not fall to 
ze1'0 and hence the transmitting range, using receiving dctcctors suitable 
for dampcd oscìllations, is matcrially rcduccd. Fo1~ maximum signals 
some form of the heterodyne or "beat" reccivci· may be used. 
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Increased range may be securcd ·with dampcd \Vave detectors by in­
serting a n1echanically operatcd "chopper" in thc antenna circuit of thc 
transn'.1itter. This should be constructed to intcrrupt the a.ntenna 
currcnts about 200 t i1nes per sccond. Very good t.rans1nit.t.ing ranges 
may t.hen be obtained by using crystal rectifiers or any type of oscillation 
detector suitable to da·m.ped oscillations. Sornc form of a commuta tor 
type of interrupter may be used as a ''chopper~." 

'Vhen a 500-volt <l.c. source is not availablc, o-oocl l'csults n1ay be 
obtaincd from 110 volts d.c. l?or operation at thc lattcr voltage, the 
magnct in }ì'ig. 113 is made of a soft iron core l /1 in dia1nctcr, 4)1 11 long, 
\vound ,vith No. 22 cl.e.e. \\rire . The ·winding space is about. 4" long and 
% /1 deep n1aking the dian1etcr of the magnet about 2 Yz ''. The vibra tor 
is inade of a picee of cold·rolled steel about 1 '' 'vide, 5 Y2" long, and 
Yt6" thick. The soft iron arrnature n1ounted on the sprino- is about. 1" 
in dia1neter and 74" thick. 'I'he silver contacts are Yi6 11 thick and about 
1 " in diameter. 

The most expensive ite1ns in the buzzcr transrnittcr are the silver 
contacts, which are sweat.ed on to copper bascs. This is a. difficult job 
and is bcst done by a je\veler. The oscillat.ing current in the closcd 
circuit is approximately 40 amperes '\-Yhich explains the neccssity for thc 
largc contacts. 

Thc oscillation transformcr secondary may consist of 15 turns of bare 
No. 12 B&S 'vi re \vound on a f ortn 12" in diamctcr. Thc pritnary rnay 
bave one or two turns placed inside the secondary. 

The 110-volt set takes a.bout 0.75 ampere <l.c. and the 500-volt set 
about 1 ampere. 

1.,hìs type of transmitter should prove useful for inter-city radio 
communication, though it is also practical f or grea ter distanccs. The 
75-·watt buzzer set \Vili give antenna currcnt of about 1 ampere. '"fhe 
range is a.bout 20 miles \VÌth crystal rectifiers at the receiving station. 
\Vith a èhopper in thc antenna circuit of a 500-\vat.t buzzer set, to gain 
·a more effective modulation of the antenna current.s, 200 iniles havc bccn 
covered. 
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CHAPTER V 

CONSTRUCTION OF AERIALS AND MAS1'S 

TYPES O F AERIALS.-The inverted "L'' jl,at top and the '' T" type 
are t he most con1mon of the four principal types of aerials in usB to-day, 
rhe ".fan 1

' a.nd "innbrella.'' typcs are rarely seen at arnatcur stations .. 
Phospbor bronz~ acrial '\VÌre is employed at commcrcìal st.ations, be~ 

cause of i ts tensile strength, co1n bined '\VÌ th a fair degree of cond uct.i vity. 
A single wire usua.Hy consist.s of 7 stra.ncls of J.\r o. 19 ivire m" 7 strand.'J of 
'fil o. 21. Hard drawn copper \vire or alu"lninu-ni 'virc may be used. 
Gal\:anized iron or steel \Yire has been employcd but t.he rcsistance losses 
a.re rather high. 

For receùJing ivo1·k t\vo \Vircs spaced 4 to 10 feet are sufficìent, but for 
transn1itting use 4 to 8 \Vircs. The fundaniental or natural wave length 
of transrnitter aeria1s obviously must bo less tha.n 200 .meters for soine 
inductance in ust be inscrtcd a t t.hc base to absorb energy f ro1n the spark 
gap circuit. A.s shotvn in Chaptcr III, pages 52 and 54, the flati top portion 
of a.n inverted ''I/', f or operation a.t 200 mcters, cu.nnot excccd 100 f cet. 
in lcngth; '\Vhi1e fora "T" acrial, thc lcngt.h ca.nnot cxcecd 140 feet. In 
either case thc flat top portion 'vith t.hc lengths given, cttnnot be more 
than 40 feet above the earth. In any case it is bct.t.cr to nieasure the 
natu..-ral wave length of an aerial with a ·wave "meter.. If it is too long, the 
flat top can be cut off until the dcsired fundainentiil is obtained; or a 
3hort wave condenser inay be einployed to reduce the \Va.ve length. But 
this last is not rccom1nendcd. 

Thc san1c applics to thc rccciving acrial; for cfficicnt reception a.t 200 
ineters its f unda.rr1ental \va ve length 1nust be less than 200 meters. Al~ 
t hough very long I'eceivìng aerials cannot be used for the reception ot 
f;hort \vavc lcngths a s1nall 200 meter acrial inay be ctnployed to receivc 
the longest \Vaves; for because of the a.rnplification obtainablc froin t.hc 
vacuu1n tube very \Veak ìnco1ning signals, ·which 'voutd be obtaincd from 
such s1nall a.crials, inay be brought tip to audibihty , · 

Fig. 114 sho\vs the genera] design of an in1Jerted "L" ae1·i'al supportcd 
between t\vo n1asts on separate buildings. Fig. 115 sho-\vS a "T" ae1·ial 
\vith tbc lead-in w·ires at.tachcd to the ccntcr of the flat top. The 'vires 
a.re strung on ."'i]Jru.ce spreaders 8 1 or 10' in lcngth. Each \Vire hns o;ic 
insula tor 12" to 24" in lcngth at ea.ch end of t.he flat top. 1.1he ends of the 
bridle for ea.ch sprcader are a.ttached to eye-bolts at the ends of the 
spreader, and · the 1niddle of the bridle f astcncd to the lifting ha.lyard 
'\Vhich runs through a pulley block f astened to tbc top of the inast. rfhe 
lcad-in \Vircs are connected to a lead-in insulator like that describcd on 
page ·131. 

152 ~ 
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Fw. 114. An inverted 14 L'' aerin.1 suit.ablc for tbe aruateur station. 

Frn. 115. A •• T" aerial which is generall:>' used where it is more convenient to take the lcad-in wire.s 
ofi the center of tbc flat top rather than off the end. 

The lead-in ·wires should be Hbunched"; that is, t,visted into a cable. 
There is no ad van t.age in usi ng spreaders-longer than I O'. 

PRECAUTIONS.-lf the transmittcr opcrat.cs at high voltages th(1 
flat top should not be erecied over po·wer, light 01· telephone wires, as high 
voltagc radio frequency currcnts may induce disastrous potentials in 
such circuits. Thc fiat top should be s\vung just as far as possible from 
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such electrical circuits. If it is impossible to erect the antenna at a 
considerabl distance f rom lo e al power circuits try and place the antenna 
at right angles to them. · -

Only the best grades of insulators should be used in transmitting 
aerials. Insulators made of cheap materia1s will leak the antenna cur­
rents in wet weather and thereby destroy the efficiency of the set. 

Pul~ 

. Fio. 116. Self-supporting triangular tower designed by an amateur experimenter. 
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MAST CONSTRUCTION.-The amateur is accustomed to attach 
his aerials to any high structure a.vailablc. Oftcn the antenna '\vires are 
seen strctchcd bct\vccn a \vater to\vcr a.nd a trcc, bct\vccn the gable of a 
barn and the roof of a \vireless ca.bin, or bet,vcen t\vo high trees. 

In cities the roofs of apart1nent houses are dotted \vith flat top aerials, 
supported on ga.s pipe ma8ts 20' to 30' in height. Any one can ea.si1y 
install, single handed, a couple of lengths of gas pipe joined by a coupling 
1vith a p·ipe sta.nd fitted to the base. The pipe stand is bolted to hcavy 
picccs of 4'' x 4'' tin1ber, a.nd furt.her support given to the ma.st by iron 
\Virc guys atta.chcd to convenient fastcnings on the roof. 

The triangula·1~ self supporting to·wer in Fig. 116 is neat in appearance 
and very desirable if there is insufficient roorn for guy wires. Robert 
I{ennedy of N e~v Jersey suggested the design. The essentials of the 
design \vill be evi<lent at a glance. Three lengths of l '' gas pipe are 
separa.ted at their base by one-fifth their length. They are bound to­
gcther at equi-distant spaces, by an iron strap rigidly attached to each 
pipe as is sho,vn in thc dctail A. The strap passcs part of thc \vay around 
the pipe. A bolt is inscrted and scre·wed up tightly as sho\vn. In order 
to increase the height, a wooden top-mast may be fastened to the top. 
This is supported by a piece of hea.vy wood placed at the first brace fron1 
the top as is sho\vn in the upper right ha.nd part of the dra.,ving. 

As an alternative, fit a pipe stand tò thc base of the top-mast and 
fasten it to the ~~ood base by lag bolts. Attach an h·on band 'vith an 
eyc to takc the pulley block to thc extreme top, as shown in the illustra­
tìon. 

Allan Lawson shows a 
siinple method of suppo1·t­
ìng an aerial bct"ween a 
'vooden n1ast on a building 
a nd a tre e. His designs 
are presented in Figs. 117 
and 118. The 1nast is sup­
ported solcly by guys and 
this constru e ti on is recom-
1nend ed where it is not per­
missible to cut holes in the 
roof. The n1ast is buil t of 
211

' x 2" timbcr. For a 
height of 30', 6 pieces, 10' 
in length are req uircd. 
The legs a1'e separatcd 8' 
at the base. They rest on 
1 /1 boards and are f astened 
to them by cleats. . 

\Vòod cross pieces made 
of one inch board are 
placed at l'egular intervals 
to brace the structure. 
Further bracing is securcd 
by the cross ·wircs which 
may be pulled taut by turn-

.t 
ò 

--+ 

FxG. 117. Sbowing the oonstruction of a lllast "'hich ean be 
erected on the roof of a. buiHing without boring hoJes for 
&upport -0f t.he bMe. 
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buckles. Two guy \Vires are fastencd to the top a.nd t\vo n1ore at tbc 
middle. These al'e then fa.stened to eyc-bolts inscrtcd in tho roof. 

Fig. 119 sho·ws the a.mateur how be may erect a ·wooden mast ,vith 
thc aid of bis neighbors. H. E. Lange of J\llìssouri .suggcsted this method. 
Thc pariicula.r n1ast to 'vhich this process of erection 'vas applied \Vas 
54' high and built up in thrcc scctions. The bottorn section 'vas n1adc 
of 3" x 3" stoèk, thc second section of 3 11 x-2 11 stock and t .hc top scction 

Fw. 118. Showiug thc completctl rnast and antenna. 

2" x 2}-4". Although the sections are boltcd togcthcr the struin is t.aken 
off the bolts by cutting a·way the overlapping part of t.he lo,ver section 
so t.hat thc weìght of the section abovc rcsts on the section be1ow it. 
Beginning at thc bottom, three sets of guys are placed 17, 18, and 19 
feet apart. 

Fxa. 119 . One expcrime.1:1tcr's incthod of erecting u .. wircle.ss" mast. 

B sho,vs the halyard for pulling up tbc mast. It is attachcd to a 
guy ·wire and the rope goes t.hrough thc pulley A. In order to preven ti 
si de S\vay the men statìoned a.t D and E hang on to the mast guys. 
'Vhilc the mmi at A are pulling on the halyard, thc n1an at C is inserting 
a prop to relieve th~m l)etv;een pulls. The men holding the guys at 
D and E must stand back at. a distance so t.hat t.he mast wìll not t.opple 
in the opposite direction \Vhen it drops into the hole. . 
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Fig. 120 sho\\rs a 70 foot. gas ])ipe tna.st of un]que construction dcsigncd 
by Geo. H. P. Gannon of l\Iassachusctts. T'hc co1npletc specifications 
appear in the sketch. The bottom section is n1ndc of 2" gas pipe, sue­

. cessi ve scctions are of lesser diameter until f or the top scct.ion the dian1-
ete1· is ~ ".. The nu1st is braced by stccl tclcgra.ph \virc and turnbucklcs 
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F:m. 120. A 70 foot ma.st c.onatructed of gas pipé. 
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inserted in the guys at the base as shO\'ln. The dra·wing makes clea.r 
the remainder of the construction. 

Fred Ja1ncson of Kansas erected a 110 .. foot mast of the type shown 
in Fig. 121. It is built up of discarded steel boiler tube.s which n1ay be 
secu:rcd f ron1 junk yards at sn1all cost. The tu bìng '\Vcighs about 70 lbs. 
per 14 .. foot scction. In Fig. 121, No. 1 is a d~tail of tbc sectional joints; 
No. 2, a cut a\vay port.ion of t.hc topmast; No. 3, a detail of t.he base, and 
No. 4, t.he completed mast. Fout'teen foot lengths of 3}1'' tubing are 
1nost desirable. The connect.ing; $leeves are made f ro1n a discarded picee 
of "\vater pipe 20 fcct long, cut into 7 sectìons. If 3 }1 '' boiler tu bes are 
uscd the sleeve should be-3 Y2" '\Vatcr pipe, as boiler tu bes are mcasured 
on the outside and ·water pipe on thc inside. 

The guy wires are rnade of No. 8 or No. 10 ,galvanized \Vire. The 
cornplcted mast weighs about 700 lbs. Prccaut.ions n1ust be takcn 
durìng the ercction. First bolt the_ two top sections together and then 

~ cl mo.sf J/l!J«t'I 
il il'oi? PIPI f/grye 

.. 
~i 
'· 

tipe J 

, 

!~ mt1JI nJf t/1e1r Mlf/11 on e«" f)l/JtY 
(JIJ(/ noi (}11 //le bolf.r 

fi vre I 

FIG . 121. An aerial magt 11 O fcet in height designed and ctccted by an. anibitiousexperimentcr. It wM 
xnadc of <lisca.rded steel boiler tubes and water pipe~. 

pull them up in a perpendicular position by rneans of a 30-foot gin polo 
erected alongside the base. Then raise the t'wo top sections high enough 
so that the next lo\vcr section can be bolted to the bott.orn and so on. 

The guy \vires are attached bef ore the erection and are "payed out" 
through eye-bolts fastened to ''dcad men" buricd, about 40' from the 
base. A helper 1nust be stat.ioned at each ''dead man" to pay out the 
guy ropes slowly as the n1ast goes up so that it may be held in a strict.ly 
vert,ical position. This is a ''tìcklish'' job and should not be undertaken 
by any ono \Vithout prcvious experience in this linc of '\vork. Each guy 
wire is insulated from the earth by ordinary porcelain knobs inserted in 
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t.he guys ncar t.ho ''dead men." To raisc the mast a onc-ton hoist is 
necessary. · 

Fig. 122 sho,vs a.nother \vay of raising a inast ·with a g·in pole set along­
si<le the hole for tbc rnast. Tho inethod is c1car from the sketch. 1\l J. 

: guys are attachcd previous to the erection. To prevent it from snapping 
off, the mast can be strengthened, by thc b1·ace F, ovcr which is passcd a 
cable fastened to both ends of the mast. 

ANTENNA INSULATORS.~A cheap and sirnple antenna insulator 
\vith sufficient insula.ting qualifies for trans1nitting a.erials is sho,vn in 
Fig. 123. It is made up of porcela.in cleats, porce1ain knobs and iron 
bolts as sho·wn. The dra.wing sho,:1;s t\vo pa.rallel clcats of the ordinary 
type separatcd by t\vo por-

/ 

• 

celain knobB. The aerial 
\VÌres are f astcned to t hc 
bo1t on the end, farthest 
from the spreader. A11 tbc 
ncccssary rnatorial can be 
purchased .at any electrical 
supply store. The drn:wing 
explains the assen1bly of thc 
insulat..or and the n1ethod of 
attaching the antenna \Vires . 
lf thc stra.in on the \YÌI'e is 
cxccssive, on account of a 
lengthy span, the insulators 
may be strengthened hy us­
ing t\vo cleats on each side 
insteJ.d of ('Ile. Frn. 122. Showing the use of a "gin'' pote in raising a rua.st • 

• 

Fm. 123. Constructional detaita of a home-made antenna. iuaulator made up of co.anm.on porcela.in eleats 
a:o.<l k.nobf:l • 



CHAPTER VI 
.. 

RECEIVING TUNERS AND OSCILLATION DETEC-
TORS-GENERAL THEORY OF OPERATION­

PREFERRED CIRCUITS---GENERAL DE· 
T AILS OF CONSTRUCTION 

GENERAL CONSIDERATIONS.-There is a ccrtain similarity be­
t,veen receiving and trans1nitting circuits in \Virclcss tclcgraphy. Take 
for exan1ple, an inductively couvkd transmitter: The closed circuit 
generates radio frequency currents \vhich are passed on to the open or 
acrial circuit fro1n \vhich a \vave motion is propagatcd. In an in­
ductively coupled receìving set the antenna or open circuit absorbs a certain 
a1nount of energy f ro1n the passing w·a ve, and passes the resul ting cur­
rents to the closed circuit ,vhere they are detected and, in some cascs, 
a.mplified. If at the transmitter an oscillation detector is substitutcd for 
thc spark gap, and the secondary of the high voltage transformer is re­
placcd by a telephone receiver the transmitting radio frcqucncy circuits 
\vill function as a receiver. 'Vith this change of apparatus, the sarne 
circuit may be used far botb purposes. This, ho-wever, is not done in 
practice. 

The necessity for resonance bet'ween the closed and open circuits of 
tho transn1itter has already been pointed out. Sin1ilarly, if any usef ul 
results are to be expected 1 the closed and open circuits of the reccivcr 
must be tuned to each othcr and in elcctrical resonance with the fre­
quency of the wa.ve motion radia.tcd by the tra.nsrnitter . Thc process of 
obtaining resonance is called t-unùig and in receiving circuits n1aximu1n 
signals are obtained only \vhen the receiver circuits are accurately tuned 
to. the tra.nsmitter. 

The ordinary telephone receiver is used t.o transiate radio frequency 
currents into audible signals. Certa.in facts about the opcra.tion of the 
tclephone ~vill be revie,ved. Though it might be thought that since the 
tclcphone tcceiver will indicate the passage of very feeble currents it 
may be conncctcd in series \vith the receiving aerial to detect the flow of 
radio f requency curren ts, the f act remains tha t the telephone diaphrag1n 
cannot follo\V the cxtrcmely rapid variations of radio frequency currcnts 
of the higher frequencies. -Even if this wcre possible no sounds would be 
detected by the ear, sin ce the a veragc car is unrcsponsive to vibrations 
above 16,000 per second. The ability of son1e ears to detect sound vibra­
tions fails at frequencìes considerably bclo\v that value-at, say 8,000 
vibrations per second. 

160 
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When a recciving antenna is tuncd to a 200-meter transmitter thc 
frequency of thc antenna currcnt is 1,500,000 cycles. The Io,vest fre~ 
quency cmploycd for transmission and reception up to date is about 
15,000 cycles; the highest about 3,000,000 cycles. The first value is 
about on the boundary lìne bct\vcen an audible and inaudible current. 
Since the ear \vill not respond to such high frequencies and since the 
avcrage telephone 1·esponds bcst to lo,·~ler frequencies-bet·wcen 500 and 
1000 per second-it is ncccssary to modify the 'vave forrn of radio fre­
qucncy currents into a forrn suitable for maxirnu1n response in the tele­
phonc receiver. 

One way of making darnped oscillat.ions of radio frequcncy audiblc 
in the head telephone, i to rect1fy the currcnts into d.c. pulscs. rrhcrc 
are several rninerals and compounded crystalline substances which havc thc 
ahìlity to rcctify high frcq ucncy curr nt . \Vhcn uscd in this ·way thcy 
are called oscìllalion deteclors. It cannot be said that they detect any­
thing f or \Vhat they rcally do is convert radio frequency currents into 
uni-directìonal currents to which thc tclephone \vill rcspond. To obtain 
response in a telephone thc amplitudc of the rcctified radio frcqucncy 
currents must be modulatcd at audi ble f rcquencics . In spark trans­
n1itters thc antenna eurrents are generatcd in audio frequcncy group 
deterrnincd by the number of spark di ·chargcs per second. Tbc tele-· 
phone is thcn ilnpulsed once for each spark discharge. 

+ 

.. 

t 

e 
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*'"'IG. 124. Graphs outlining thc phcnomcna involved in the detection of dumpcd oscillutions by rectificrs. 

The eurves of Fig. 124 sho~v the pheno1nena of rcctification and 
reception. The upper curve sho\vs three groups of incoming radio fre­
qucncy oscillations. The second curve sho,vs thc uni-dircctìonal cur­
rcnts resulting from rectification, and the lowcr curve sho\vs the tclc­
phone current. Thc rectified pulses of each group in the second lineare, 
of course, radio frequency pulses to ·whìch the diaphragm cannot respond. 
Thc puB on the diaphragm is the result of a sort of an average effect of 
each group of pulscs as shown by the lo\ver graphs. 

Then if the amatcur's transrnitter has, let us say, a non-synchronous 
ga.p @;Ìvin~ 240 sparks ~cr seconcl, 240 ~roups of radio frequency- curre~bs 



162 Wireless Experimenter's Manuat 

fiow in the antenna circuit of the tra.nsmitter; a similar number are in ... 
duced in the receiver circuits where they aro h~ctified and the diaphragm 
of the telephone "\vill be impulsed 240 times per sccond. The listencr 
will hear in the telephone a. note of the same pitch that he would hea.r 
wcre be standing beside the tra.nsmitting spark. 

" 

r 

-V 
Fw. 125. Fondamenta! wiring dfo.gram of the inductjveJy coupled receivfog set , often caJJed t.be "two . 

drcuif' rcceivcr . The dia.gram shows the circuits of a. buzzer tester tor preaadjustment of the osciJJa 
tion detector. 

THE INDUCTIVELY COUPLED "RECEIVER.-We must next con­
s1der th~ fundamental circuits of an inductively coupled receivcr ut.ilizjng 
a simpl~ rectifier as ah oscilla.tion detector. The funda1nental dia.gran1 
is shown 1n Fig 125. L-1 is the aerial tuning inductance, L .. 2 the prim ... 
ary coil ·of the tuning transi ormer, C-1 t.he short \Va ve condenser, A the 
antennfa whirh is connected to earth at thc lower end . These are the 
elementS: of th~ open circuit. 

The closed cìrcuit compr]ses the sccondary of the tuning transformcr 
L-3 and the shunt variable condenser C-2. D ìs a carborundum rcctifier 

- and C-3. a telephont condenser. Bis a battery of 2 to 4 volts, p ... 2 is a 
400 oh1rJ. potcntiometer, a.nd P-1 are head telephones of 2000 ohms re~ 
sistance . 

The tuning elemcnts for cstablishing rcsona.nce with the transn1itter 
are L-1, L-2, l.r3, c ... 1) C-2 The circuit of F1g. 125 operates practically 
~ follows: If the distant. transmitter radiatcs at 200 meters thc 
hequcncy of the radì~ted wavE; motion is 1,500,000 cycles per second. 
As the antenna A is in the path ofthe wave it is actcd upon by the static 
and tbc n1agnctic components of the electrio wavc ·which tend to ìnducc 
in the antenna 8ystem oscitlations of the· frequcncy radia.tcd by th0 
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transmitter. It is hardly possible that tho antenna circuit of thc re­
ceiving system ·will havc the corrcct values of inductance and capacitance 
for resonancc \Vith thc radiated ·wave;. thercfore, resonance must be estab­
lished by thc tuning cle1ncnts shown in the diagram. 

'Ve havc seen in connoction with the transmitter that thc tuning of a 
radio frcqucncy cireuit to a given impresscd frequency resolves itself 
into tho problem of making the inductance 'reactance and capacitance 
reacta.nce equal to a particulai~ frequency. And that is j ust \Vhat the 
operator at thc receiving station docs in order to establish rcsonance 
\Vith the transznìttcr. By varying L-1, L-2, or C-1, he rnakes the tot.al 
inductance reac tance of the antenna equal to the total capa.citance 
rea.ctancc for a particular frequency 1 say of 1,500,000 cycles. This has 
bcen accomplishod \Vhcn n1axitnum signals are obtained in the head 
telcphonc. 

Assume now that the antenna circuit is in rcsonance with the trans­
mittcr; the antenna current has reached a n1a.xirnum, and it no\v remains 
to be "detcctcd." The coil L-3, the sccondary, is brought into inductivc 
rclation \vith the primary L-2, and consequently an e.m.f. of radio fre­
quency is i1nprcssed ~cross L-3. By varying thc capacitance of C-2, a 
value can be found tha.t \vill just neutralize the inductive reactance of 
L-3, and the currcnt in thc closed circuit will rea.eh a maxin1u1n. In 
other \vords both the closed a.ud open circuits aro in resonance \Vith the 
transmi tter .. 

Referring no\V to the detector and associated apparatus, note th~it the 
cur.rent from a local battery B fiows th1~ough t.he rcctifier D, througb the 
seconda.ry L-3, through the tclephones P-1, through the conta.et on the 
potent.io1noter P-2 ba.ck to the negative side of tho battery. The object 

· of the battcry is to incrcase the efficiency of t.he detector. The detector 
is a much better conductor of electricity flo\ving in one direction than in 
the opposite direction.. Assume then t.hat the current frorn ba.ttcry B 
flows through the crystal in the direction in \vhich it is thc bett.er con­
ductor and the detector is subjected to potcntial differences at radio 
frequencies.. Due to a peculiar prop~rty of the carboru:ndum rectifie1· it 
can be demonstrated that ~rhen the e.mJ. due to the ìncoming signal is 
in the sarne direct1on as t.he battcry e.m.f. there "~ill be a largc increase of 
curront in the circuit vd1ich ìncludes the head t.elcphone. \Vhen the 
e.m.f. of tbc inco!ning signal (for the next half oscillation) opposes the 
battery e.m.f ., there will be a small decrease in the noriual current 
through t he head telephone.. Siqce the current increases to a great.er 
degree tha.n it decreases, the prepondera.nce of current, during a group of 
jncoming osc1llations) fiows in one direction. This in effect ainounts to a 
direct current to \vh1ch the head telephone rcadily responds. 

Each spark at the transmittor induccs a group of radio frcquency cur­
rents in the rcce1ver; and each group, according to the actions outlined 
above 1 sends a uni-directional current through thc telephone. Hence 
if the trans1nitter produces 240 sparks per second, thc diaphrag1n in the 
telephone \vill be pulled 240 titnes. · 

The aei·ial tuning inductance L .. 1, in Fig. 125 is required only \Vhen 
very long waves are to be reccived on short aerials.. For \Vave lcngths 
up to two or three times the fundamental of the receiving aerial the 
ncccssary antenna inductance may be includod in the primary L-2w 
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Tbe short wave condenser C-1 is used t~ est ablish resonance ·with '\va.ve 
lcngths belov;.7 the funda.1nental \vave lcngth of the antenna.. The varia· 
tion of this condenser necessarily gives a s1na1l range of "~ave lengths, 
for it is not possìble to reduce the funda1nental \Vavc lcngth of antenna 
by quite one-half ·with a series condcnscr. A.s a.n illustration if the 
fundan1ental \-\7 ave length of an acrial is 600 n1cters about the lowest 
\Vave lcngth that can be obtaincd for practical ·working is about 350 
meters. 

OnJ.he other band a.n antenna n1ay be loaded by induc tance to inany 
tìines its natural '\vave length. An aerìal "~hose fundar~1cntal is 300 
n1eters 1nay be loaded t.o 20,000 meters and 'vill give good signals frorn 
hiuh power stations if a n1ulti-stage vacuurn tu be detector set is 
en1ployed. 

THE USE OF A BUZZER TESTER.-The adjustment of an oscilla­
tion detector of tbc "contact" type depcnds largely on skill gained 
tbrough pract.ice. As sho~vn in the follo\ving dcsigns thcse crystals are 
usually n1ounted in a. container \.Vhich is one torrninal of the detector. 
The opposite tern1inal is a shar7> voìnted contact ~vhich prcsses against. 
the crystal and is dcsigncd so that contact can be effected \Vith practically 
any spot on the 3 urface of the crystal . 

The spot. on the crystal "~hich gives tbc loudcst signals in the hca.d 
telephonc fron1 a givcn tra.ns1nittcr is ca.lled t.he u1nost sensitive'' point 
of contact. This n1ay be found by t.rial while receiving frorn a distant 
station; but the opera ti on is f acilitated by a ' (test_ buzzer" the circuits f or 
\vhich are sh0\-\7 ll in Fig. 125. 

A common clectric ·buzzcr B-1, energized by a battery B-2, includes 
in its circuit a push button J( and a coil L-.4. The la.tter is placed in 
inductive relation to the antenna coil L-5. Each coil consista of a fe-w 
turns of bcll \.Virc \.Vound on a spool 2" in diameter. 

\Vhen the buzzer is active an e .in .f. of audio frequency is irnpressed 
across L-5, setting the antenna circuit into oscillation at \vhatever fre-­
quency it happens to be adj usted to. By coupling L-3 closely with L-2 
radio frequency currents are in1prcsscd upon the detector D. The opera­
tor then va.ries the position of the point on the crystal, trying varying 
pressures on the contact point and sin1ultancously adjusting the position 
of the conta.et on the potcntio1ncter [>-2, until the loudest possible sig­
nals are obtain d in tbc telophonc fror:n the buzzer. Ca.re must be 
cxorcised to send the battery current throurrh the crystal in the right 
direction. The proper polarity is readily dctcnnincd by cxperiment. 

TUNING THE RECEIVER.- If the rccciver has heen ~a1ibrat.ed by a 
'\vavc1neter it is an easy ina.tter to tune a. rccciving set to any trans1nitter. 
If a tablc of wave lengths is not providcd the distant sta.t.ion 1nust be 
"found" on the tuning box by trial. 'I'hc closed circuit ca.n be calibrated 
in the factor but since the prin1ary coil ·will be used \vith aerials of 
difTcrent valucs· of inductance a.nd capacitance thc antenna circuit can-
not be calibratcd until the set is inst.alled. · 

If tbc set i s calibrated by a "'·avemeter a table of \va ve lengths cor .. 
responding to the dials on all the tuning appliances can be l?ropared to 
,vhic4 the opcrato1~ may refe~· frani_ tilut'. to time ~ ·. 
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If a receiving tuncr is not pre-calibratcd l~csonancc \vith a distant 
tra.nsmitter rnay b cstablishcd by taking progressively the following 
steps. Referrìng to Fig. 125; 

(1) Set condenser C-2 at zero. 
(2) Set coil L-1 (if used) at zero. 
(3) Close the switch S-3 around the short wa ve condenser. 
(4) Couple the coil L-3 clcsely to L+-2 using half of the tums of L-3. 
(5) Set the buzzer in operation by closing the push button K. 
(6) Adjust the pressure of the contact point on the detector and vary the position 

of the slider on the potentiometer until 1oud signals are ohta.ined. 
(7) If it is de:fi.nitely known that the transm.itter is in operation vary the inductance 

of L-2 until signals are heard. 
(8) Then reduce the inductance of L-3, add a little capacity at C-2, and try various 

couplings between L-2 and l.r:3 for louder signals. 
(9) If the signals are weak move the potentiometer slider to ascertain if still better 

signals can be o btained. 
(10) Ii the fundamental wave length of the receiving aerial exceeds the wave length 

of the transmitter, cut in the short wave condenser C-1. Vary its capacitance 
until the desired station is heard. 

(11) If the wave length of the distant transmitter exceeds the fundamental wave 
length of the receivìng antenna with all the tums of coil l.r'2 cut in, add turns 
at L-1 un til the desired signal is heard. 

To reduc( interfcrcnce proceed as follows: 

(I) Redu ~e the coupling of the tuning transformer by drawing L-3 away from L~2. 

(2) Then inc.rease the capacity of C-2. 
(3) If tht:: interfering signal still remains cut condenser C-1 in the circuit, and add 

turns at L-2 or L-1 to maintain resonance. 

If the interfering signal cannot be clhninn.tcd in this 'vay it in<licates that: 

(1) the interfering signal is a highly damped wave or, 
(2) that tbe interlering station opera~es on the same wave length as the station it is 

desired to receive. 

Crystal rectifiers will not hold a usensitivc" adjust1ncnt inde:finitely, 
hence frcquent use of the test huzzer is necessary to rnaintain co1nn1unica­
tion. 

OTHER METHODS OF COUPLING.-While the inductìvely 
couplcd tuner is generally preferred in radio \vork there are othcr methods 
of coupling the detector to the antenna circuit. 

Fig. 126 sho\vs the plain aeriaf connection. The detector D is cori­
nected dircctly in series 'With the antenna circuit. Thìs is an ìnefficient 
n1ethod for the resistance of the detector introduces losses of energy a.nd 
prevents the eet.ablishn1ent of sharp resonance \VÌth thc transmitter. 

Eledrosta ic or capacitive coupling bet\vcen the closcd and open cir­
cuits is shown in Fig. 127 . Coils P and S are couplcd through the 
variable condensers G-1 and C-2. Variation of their capacity is said to 
vary the transfer of energy fron1 P and S. Condensers C-1 and C-2 
a.re operateci simulta.neous1y frorn a single control ha.ndlc. They may 
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Fio. 126. ''Plain aerìar' rccùiVÌng- systùm-pcrhaps the simpicst detection circuit. tbat i~ operatfrc . 
}i,10. 127. Two circuit· rcccivcr wit.h •le)ectrostatic" coupting usod extensively by th.e U. S. N avy . 
})o. 128. ReccivÌng circuìts utilizing director condurtivc coupJing. An a\Jto~tran.sformer iB u.sed as the 

coupllng elcment. · 

be of fixcd capacitance fora lùnitcd range of wave lengths. In fact one 
of the condcnsers is son1etimes eliminated and the other used to vary the 
coupling. The chief advantage of this circuit ìs that it perrnits a more 
rapid change of coupling than the usual tuner mechanism '\Vhere thc 
secondary is dra\vn in and out thc primary. 

Direct or conductive coupling is shov.rn in Fig. 128. A single coil is 
used as an auto-transformer. Tap A varies the antenna ·wave length, 
·whilc. taps Band C vary the frequency of thc detector circuit and permit 
the coupling bet\veen the antenna. and detector circuits to be varied. For 
instance if the turns bct·ween taps Band Care cut in a.t a distance from 
those bct\vecn A and E, loose couplings a.re sccurcd just as in the in­
ductively couplcd receivcr. J ust as good signals "tVill be obt.a.ined \vith 
this inethod of coupling as \Vith thc inductive coupling, but. obviously, 
it is less difficult to change the coupling of the induct.ively couplcd set 
than the conductìvely coupled set. · 

The beginner is advised to practice ·with the circuit of Fig. 128. 

RECTIFIERS OF RADIO FREQUENCY CURRENTS.-Thcre are 
many minera.ls and co1npoundcd elements \Vhich \vill rectify radio fre­
quency currcnts. Crystals of ga'lena, silicon, iton pyrit.es and carbor­
undum are most com1non. 

Zincite in contact with bornite is a good combìnation and molybdenite 
is oftcn used ·while many rccon1mend a. piece of gi·aphite in contact with 
galena. Carborundum is gene rally pref crred. Thcsc crystals are rugged 
and tend to hold their adjustment over long periods, They are suffi­
cicn tly sensi ti v.e f or severa} h undred miles vlorking in commercia} practice. 

It is ·well to re1ne1nber that carborundu1n is nota native mìncral, but 
a product of the electric furnace. It is a co1nbination· ot sand, salt, 
sawdust. and coke~ The finished crystal is kno,vn to chemists as carbide 
of sìlicon. Galena (lead sulphite Pb S), iron pyrite (Fe 82), bornite 
(3 Cu2 Fe2 Sa) and molybdenitc -CL\io S) are natural sulphides. Zincite 
(Zn O) is a natura.~ oxidc. ' 
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The majority of these crystalline elcments differ from carborundu1n 
in tha.t the opposing conta.et must bear on t.he crystal with very light 
pressure. Hencc 've ha ve the fa1niliar "cat \Vhìsker'' detector. 'Vith 
carborundum, on thc other hand, it is possible to apply very heavy 
pressure. 

Son1e crystals of silicon, when ground down t.o a polished surlace on 
an emery \vheel, ,vill \vithstand a fairly heavy pressurc at tbc opposing 
contact and re1nain sensitive to incoming sìgnals. Genel'ally, ho\vever, 
this does not hold true, pa.rticular1y in the case of galena v1hich on 
account of the lightness of contact is difficult to a.djust to a sensitive 
condition and to inaìntain in a sensitive condition for an indefinite period. 

Suitable holders or "detector stands'' for various c1'ystals \vili 
presently be descri bed. ~ 

CHARACTERISTIC CURVE OF THE CARBORUNDUM CRYSTAL. 
- It is interesting to study the phenomcna exhibit.ed by carboruhdu1n 
crystals under various d .c. e .m .f. 's. The charartedstic curve shows 
that the re"istancc of the crystal chanues \vith the current flo,ving through 
it; i.e., a circuit 1vith such a crystal in eries, does not obey Ohr.o's la.w. 
This can be demonstrat.cd by the experin1en t outlined in Fig. 129. 

VOLT"EiER. 

POTENTIOMtTUl "4\CRO A MME. TE.R. 

FIG. 129. Circuii and apparatws for obtaining the characteristic curves of cry.stal "eeti6ers. The data 
is obtained by noting the readings of the mieroa:rnmeter at ge,rera? voltage.s. r • 

A battery B of 4 to 6 volts ìs shunted by a 400-ohm potentjo1neter P. 
D is a carborundum crystal in the circuit of which is connected a low 
reading voltmeter and a microam1neter. The impressed e.m.f. is varied 
progressively from 1, to say, 4 volts, and the readings of the micro­
a.mmeter noted at successive steps. When the data obtained in this 
way are plotted in the form of a curve they may ha ve the appea.ra.nce of 
Fig. 130. It is seen that as tbc voltage is increased from 1 to 2.5 volts, 
the current rises slo-wly, but for potentials ìn excess of that value, the 
current ri~es rapidly, sho\ving tha.t the resistance of the crystal has 
dropped rather suddenly. The bend in the curve is approximatel \vhere 
t·he change takes place and it is here that the crystal usually functions 
best as an oscillation detector. 

Refer1'ing no\v to Fig. 125, assume that. contact on P-2 is adjustcd to 
correspond to the ln\ver bend on the curve*: Assume furthe1·, that the 
e.mJ. of radio frequency iinpressed by the incoming signal has a potential 
of 0.5 volt. If the steady e.1n.f. is 2.5, the potcntial across the crysta.l 

Iarge va.Iues of eurrcnt ìndicated by thcse eurvcs wero pu:rposely selected to m.ake tlLe phc­
nomcna tnotc apprecia.blc. 



168 Wìreless Experimenter's Manual 

will vary fron1 (2.5+ 0.5) = 3 to (2.5-0.5) =2~ Thc current through tho 
telephonc 'vìll change fro1n tbc norrnal of 25 inicroa1npercs to 150 inicro­
arnpercs \Vhen the potential diffcrence i8 3 volts, and \VÌll drop to 20 
microampcrcs \vhen the potcntial differencc is 2 vo'Its. 
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FtG. 13~ A charactcr.istic curve of the carborundum reclifier indicating its non-uniform conductivity. 
F1G. 131. Sho ...... ing thc unilateral currents produced by the carborundum recti:ficr and local battery 

duri!lg the teecptìon of radio frequency oscillations, . 
Fm. 132. Grapha of the resultì.ng tclephone currents in .radio roceptìon. 

, It is easily seen that tbc prepondcrancc of cu1·rent is in one direction 
so that a group of oscìllat ions sends through thc telephonc \vhat amount 
to ree tifi cd curren ts. ':rh e resul ting uni-d1recti onal currcn ts in the t ele­
phonc are sho,vn gra.phically in Fig. 131. Successive rna.xima dccrease 
in arnplitude according to tLe dan1ping of thc incon1ing signal. Th~ 

• 
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telephone responds to an avera.gc of tbc maxima 1, 2, 3, 4. The rcsulting 
tclcphone currcnts for two groups of incoming oscillations are sho\vn in 
Fìg. 132. 

'rhe stuclent. 'vith thc propcr instrumcnts may plot. for himsclf charac .. 
teristic c.urvcs of vn.riou8 carborundum spc-cirncns. Obviously the 
crystal 'vit.h the stecpc t curve, ·will giye the bcst rcsponsC'. Th bcnd in 
the curve of Fiµ;. l~iO has purpos ly bcPn rna~nific<l to illustrato rnore 
effcctiyely the ra.pid drop of rclsi. t.ance at t.hat point. 

'Vhile the foregoing curve explains the action of a carborundum crystal 
'vhcn functioning ag a detector of radio frequency currcnts, it perhaps 
does not cxpla.in thc facts fully cnough. 

TUNER DESIGN4-'Thc dirncnsions of a receìving tuner to covcr a 
definite range of \Va.ve lcngths is a 1natter of firRt irnportance. Putting 
t o 1nany turns on thc prin1a.ry and s conùary <'oils for the shortcr waves 
i· an error 1na.<lc by so1nc cxpcrirn ntcrs. The unu.. erl turns of a roìJ 
ir1troduce '~end t urn lo~se.~ ," \Vhich tend to decrca.se the cfficiency of a set. 

4 W!R.E.S 40 FT. H\GH 
............... 80fT.lONG 

--
FlG. 133. Dfo.gram :showing the cir<;uits of radio frequcn~y in an inductive)y coup!ed receivin?; systC!m. 

Thc dimcnsionJ:> of tbc tunìng eletuenta for any range 'bf wave JengthR n1ay be calculated by simple 
formulac. 

Assu1ne ior exan1ple that the acrial A of ~Fig. 133 is inade of four 
\vires spaced 2', the fia.t top bcing 80' long and 40' high. Fron1 the ta.blc 
Fig. 20, its inductance l 0 =41,110 ccntimetcrs, and capacitance C0 

= 0.000324 n1fd. The fundarnental \Vavo length is approxirnately 150 
rnetors. 'Ve now 'vìsh to calculate the inductancc of L-1 to raisc thc 
'va ve lcngth to 200 n1et.ers. \Ve also want the inductanec of L-2 and tbc 
capacity of C-2 to give the çlosod circuit a frcqucncy equivalent to the 
\vavc lcngth of 200 incters . . 
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'Vhen vcry large values of inductancc are inserted at L-1, sufficient, 
let us say, to increase the '\va ve length rnany tiines thc f undan1ental \Vavc 
length, there is no great error in using the \\'ave lcngtb formula fo1· 
I u inped ci rcuits, viz.: 

À=59.6-i/LC 

Hcre L may represent the indur.tance of coil L-1 in Fig. 133, t,he dis ... 
trìbuted inductance of the antenna. being ignored.. e is the capacity of 
the ant.Pnna in n)icrof arad~. Son1e expcrimente1s let L repiesent the 
sum of the dist.ributed and the concentrated inductance of the antenna · 
circuit . .. 

\Vhen small a1nounts of localized inductancP. a.re required, as called 
for in thc problem under consideration, formula (30) 1s more accurate 
f0r it takes into account thc inductance of the ant.enna . 

. 
\Vhere 

La = ~o= low frequency inductancc of thc antenna. 

Li= inductance of the loading coil at the base. 
Ca = low frequency capacity of the antenna system. 

If, then it is desircd to determine the value of L-1 for any given \Vave 
length \Ve n1ay transposc {30) 

À'2 

Li= 3552 Ca -La 

which is formula (39) on page 49. 
Substituting the values givon in connection 'vìth Fig. 133: 

L1 = 3552 :2~~00324 -13,703 =21,227 eros. 

(L 
=Lo= 41,110 =lo 703) 

a 3 3 o, 

In othcr words it requires but 20 1nicrohenries to raise. the wave length 
of thc antenna in Fig. 133 to À = 200 mctcrs. . 

Before 've can determine the magnitudo of L-2 in Fig. 133 son1e va1ue 
must be assigned to the condenser C-2. Because of the short wave length 
a.nd high fréquency.of the circuit C-2 can be dispensed \Vith, as the dìs­
tributcd capacitance of the coil, i.e., the capacitance bet\veen turns, is 
sufficient to establish resonance. Such a circuit \Vill functìon par­
ticu1arly ·well when a vacuun1 tube detccto,r is used as it .,vill provide a 
maximum potential diffcrence a.cross tbc input terminals of the dctecto~~. 
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H owever a small variable condenser across the secondary is of some 
advantage in eliminating interference. Hence in this problem we will 
assign to C-2, a inaximum value of 0.0001 mfd. and calculate the value 
of L-2 far 200 tneters. This is a circuit with lumped values, therefore 

X=59.6 ...J L C (formula (23) page 40) 

and 

(formula (33) page 45) 

Hence 

L=3552~g~OOOl =112,612 cms. =112.6 microhenries. 

Fm. 133a. DeForest variable air condenser suitable for tuning purposes in receiving apparatus. 

CALCULATION OF INDUCTANCE.-We now desire the dimensions 
of a primary and secondary coil to have inductance of 21.l and 112.6 
microhenries respectively. 

Nagaoka's formula (40) on page 54 is applicable. It is here repeated. 

L :e 411"' 2 
a2 n2 

b K 

L =inductance in cms. 
a= mean radius of the coil in cms. 
b = equivalent length of coil in cms. 
n = total number of turns 

K f 
. 2a 

=a actor varymg as b 

. \ 
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As ~ho\vn on pagcs 62 nnd G3, this for1nula may be transposed t.o giv~ 
t.hc valuo of n if the length of the coil a.nd its dia1netcr are first decided 
u pon. ( N otc f onn ula ( 42) page 62). But sin cc tuning coìls a.re 'vound 
<'lrn:;ely, t. he problem 1nay \VOrk out so tha t thc pi tch of the v~·in<ling ]s 
]f'ss, or perh~.ps grcater, than the overa.11 diameter of the \vire'. A ~cric: 
of tedious trial co1nputations ·would be necessaty to effcct a close ·winding. 

I t is abo~t t as practical f or the a.rnat.eur experimcnter to assume a . 
.cojl of a certain n1ean diarneter, of a certain length and a definite nun1ber 
of turns, antj. then to inake trial con1putations \Vith forinula (40) a.nd sec 
ho\v ncar thc rcsult comes to the dcsired va.luc. * 

After \VOrk1ng out a fe\.v proble1ns of this kind, the designer 'vill be 
able to approx1mate thP d1mens1ons of a coil fora given '\vavo length. If 
the co1l is too long it. r.an be reduced to the desircd nurnber of turns. 

The po~s.1ble 'va vo length range may be checkcd up aocutately by a 
\Va ve1neter ~s exp1a1 ncd in cha.ptcr XI. 

In the part tcular problern under consideration, we \Vill n1ake the 
prirnar y c01 l L-1 .. 3 Y2 '' in diameter. ''fhe secondary L-2 \vill be 3" in 
diameter wound \vit h No. 30 d.s.c. · Thc pritnary ~vill be \VOund \vith 
12 turn 3 of :No. 26 d .s .e. 'rhe f ollo\ving data obta.ins: 

Frocn the table Fjg. 37, the diameter of No. 26 d.s.c . =0.022". 
Hence, l~ngth of the coil =0.022X12 =0.264'' X2.54 =0.6705 cms. 

a=1.75X2.54=4.445 cins. 
b =0.070~ cms. 

2a = 8.89 cms. 

2a 8.89 l" 26 z,- = o.u705 = ù. 

I 

Fro1n tbc curveFig. 27, K:::0.18G (approx.). 

Hcnce, 
4-4452 x122 

L =39.47X 0.6705 X0.1G7 =27,970 cms. 

From the above trial con1putation we see that less than 12 turns of 
No. 28 d.s.c. a.re roquired to raise the funda.rnental ·wave length of thc 
antenna in Fig. 133 to 200 meters. I t is ~vell to ha.ve a f e'v extra turns 
in ordcr to locate the exact point of resonance. The corrcction terin of 
forn1ula (41) pa.ge 57 has not bcen applied to the problern above. The 
inethod outlined in connection vvith the transrnitter proble1n may be 
followed if this correction factor is to be applied. The results obtained 
by formula (40) are sufficiently accurate for an1àteur \vorking. 

Wc must next determino a secondary coil to have inducta.nce of 112.6 
microhenrìes: \Ve \Vill place 30 turns of No. 30 d.s.c. \vire on a tube 3 '' 
in dìameter. 

From thetable Fig. 37, thediarneterof No. 30d.s.c. =0.01.5 1
'. Hence, ""' ~ . . .. 

lcngth of the coil =30X0.015=0.451. X2.54 -:-1.i4 cms. ·' .. 

· *A fairly rapid method of ~a1eulating the dimcnsions of a eoil for a given inductance is dcs~ribcd on 
pllges 286- 292 in ''Radio lnstrumel1ts tlnd Moasurements ," 



Tlence 

a=3 .81 cms. 
b = 1.14: cms. 

2a = 7 .62 cms. 

2a =7.62 =fi 6 b 1.14 . 

J Receiving App~ra tus 

From the curve 1 Fig. 27 1 J( = O .2685 

Hcnce, 

L=39.47X 
3 ·8;~~ 3o~ X0.2{)85=121,401 cms.=121 mierohenries. 

173 

\Vhile this cxcccds the value desired-112.6 microhenries; a fe·w extra 
turns are desira.ble . 

rfhe experirnenter w·ill llO\V observe that a tuning transformer for 
operation at 200 met.ers has vcry s1nall coils. In fact, thc primary a.nd 
seconda.ry 'vindings a.re less than Y2 '' in lcngth in the problem j ust prc­
sentcd. Thc expcrimenter ·who uscs tuning coils 5 '' to 6 '' in lcngth f or 
reception at the \Vavc length of 200 meters, should contrast bis tuner 
\vith the one just designed. . 

The question \vhether all of the antenna inductance should be in­
cluded in the transformer prÌinary is mainly a mechanical onc. For 
vcry long 'vave lengths the transfor1ner coils bcco1ne un\yicldy if n1ade 
of sjngle laycr ·windings. If all the turns are in thc primary an cnd-turn 
S\Vitch should be provided to cut off the unused turns. ~ 

I t is also more feasible for Iong \Va.ve lengths to use a secondary load­
ing coil mounted separate fron:1 thc transfonner secondary. 

RECEIVING TUNERS FOR VARIOUS WAVE LENGTHS.-The 
table in Fig. 134 ha.s been prepa.red to aid the busy cxpcrirnenter in find­
iug the dirnensions of tuning coils suitable for definite ranges of \Va ve 
lengths. The data in this of most interest to the a1nateur are thc dirncn ... 
sions of the scconda.ry coils and the possible \Vavc length 'vith a definite 
capacity in shunt. 

It is difficult to give the ditnensions for tbc prhnary coils unless the 
induct.a.nce and capacitance of the antenna. \vith ·which they are to be 
used are definitely known. The table givcs thc 'vave lengths of prim.ary 
circuits, ·with coils of different di1nensions connccted in series ·with 
antcnnae of 0.0004 mfd. and of 0.001 mfd. capacitance. The capacitance 
first mcntioned is an average value for the amatcur's aerial. The va.lue 
of 0.001 mfd. is a fair average for large aerials, like those aboard ship or 
at land stations 'vhere the flat top varics in lcngth frorn 200' to 400'. In 
the co1nputations for the tahle of Fig. 134, the distributed inductance of 
the aerial 1»as ignored, and the wave length f or1nula f or lurnped circuits 
used, i.e., the antenna \Vas treated as a simple closed circuit. 

The 'vavc lcngth of thc sccondary has been co1npuJ;ed for t'vo capaci­
ties in shunt, one of 0.0001 mfd. and the other, 0.0005 rnfd. 'Vith 
vacuum tube detectors it is rarely permissìble for n1aximu1n signals to 
use more tha.n O.OQ05 mfd. in shunt to the secondary. In fact better 
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signals are g~nerally ohtaincd with s1nallcr capacities. 'Vith crysta-1 
detect.ors, secondary ca.pacities up to 0.002 mf d. ina.y be used. 

The thirteent.h and fourtccnth colu1nns of Fig. 134 sho'\v the possible 
\Vave length range of tho sccondary coils at t\VO capacit.ies which really 
represent the Io,ver value a.nd thc upper value of a shunt secondary 
condenser of about 0.0005 mfd. inaxitnum capacita.nce. It is assurncd, 
of coursc, that for ranges of \vave lengths shorter than those obtainablc 
\vith thc maxiznum nuinber of turns, tbc priinary a.nd secondary coils 
\\•ill be ta ppcd a t in tcrvals. 

Thc sccondary coils may be conveniently tappecl every half-inch whilc 
the primary should be fitted \vith a ''units" a.nd "tens'' s':vitch described 
in a paragraph follo·wing. 

Design No. 3 in Fig. 134 is suitable f or the 2500 inet.er tirne signals 
from Arlingt.on. I t. ·will be D;Otcd f rom thc data that the primary is 5" 
in diameter, 4" long, ,:\~ound "'1"ith 152 turns of No. 24 d.s.c. An antenna 
loading coil, of exactly thc same dimen ions, is connectcd in scrics V'1'ith 
the antenna circuit. The secondary coil is 4" in diameter 1 8" long, 
and \vound with 424 turns of No. 28 d.s.c. "\Vith the avera.ge ama,teur~s 
antenna (0.0004 rnfd.) the prirnary coils \vill raise the \va.ve lengtÌl to 
2500meters, and '\vith larger antennae to 4000 mcters. \Vith 0.00051nfd. 
in shunt, the seconda.ry 'vill respond up to 3600 mctcrs and at so1ne 
lcsser capa.city to 2500 meters. 

Design No. 6 in Fig. 134 is also suitable for the reception of the 
time signals. Design No. 1 is suitable for \v·ave lengths bet\veen 600 and 
1600 1netcrs 1 ~lthough, as thc data sho\vs, longer wa.ve lengths can be 
tuned in. In design No. 5, obscrvc that both primary and secondary 
loading coils are ernployed. \Vith pri1nary inductanccs of the dimen­
sions given, the prirnary circuit will respond to 14,000 inetcrs \Vith an 
antenna of O .001 n1f d. Should the a.mateur \vish to tune to a 'va ve 
lcngth in exc~ss of 14,000 met.ers, he n1ay pla.ce a s·mall variable condenser 
in shunt to the primary inductance, or across both the primary in ... 
ductancc a.nd the loadìng coil. 

Design No. 7 is particula.rly applicable to the reception of ·600 ineter 
waves, although, as thc table shows, longer 'va ve lengths ca.n be tuned in 
\VÌ th a coil of those dimensions. · 

LORENZ INDUCTANCE FORMULA.-The inductance of tha coils 
in Fig. 134 'vas calculated by Lorenz's forrnula, but the Nagaoka fonnula. 
(40) page 54 inay be used. A correction term should be applied to the 
Lorenz fonnula, but. it was· not uscd in thc data obtaincd in the table of 
Fig. 134. The correction for1nu.la (41) page 57 originally givcn in con­
nection \Vith thc N agaoka fonnula is correct f or thc Lorenz formula. 

Lorenz's formula for the calculatìon of inductance is as follows: 

Where 
L=an2 K 

L=inductance in cms. 
a= mean radius of coils in cms. 
n = total number of turns 

K f 
. 2a 

=a actor varymg us b ' 

(57) 
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where bis the length of the coil. V alues of K for 
2
ba appear in Fig. 135. 

To illustrate the use of Lorenz's formula·, assume that we bave a 
tuning coil 5" mean diameter, 4" long, wound vvith 152 urns of No. 24 
d.s.c. wire. What is the inductance? 

Remembering that 

Then, 

1" =2.54 cms. 

a =6.35 cms. 
n=152 

2ba = ~ =1.25 

and from the table, Fig. 135, 

K=15.7 
• 

Hence, 
.; 

L =6.35 X1522 Xl5.7 =2,303,347 cms. 

We may then calculate the wave length of the primary circuit with an 
aeri al of O. 0004 mf d. 

2a 
b 

.2 

.3 

.4 

.5 
6 
.7 
.8 
.9 

1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 

TABLE XIII 

K 

3.63240 
5.23368 
6.71017 ' 
8.07470 
9.33892 

10.51349 
11.60790 
12.63059 
13,58892 
15.33799 
16.89840 
18.30354 
19.57938 
20.74361 
21.82049 
22.81496 
23.74013 
24.60482 
25.41613 
26.18009 
26.90177 
27.58548 
28.23494 
28.85335 

Frn. 135. Values of K in Lorenz's inductance formula for the ratio 
2
ba. 

We will use the formula for lumped circuits and igriore the distributed 
inductance of the antenna. 

À=59.6-../ L C 
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Then 

}.. =59.6 X V2,303,347X0.0004-=1800 mctcrs (approx.) 

For à capacity of 0.001 rnfd., 

À =59.6X "12,303,~47 X0.001 =2850 metcrs (approx.) 

The wavc length of the <'losed circuit 1nay be computcd in thc sa1ne \Vay .. 
\Vhcn he learns to use t.he abovc formuln.e, the amatcur may :first 

measure the inductance and capacita.rice of a.n antenna by tbc process 
dcscribcd on paffes 297 to 299 , and after\vard deterrnine tbc amount of in­
ductance rcquired in the prin1ary and secondary circuits to obtain any 
<lesired \Va.ve length . The problems of finding the corrcct din1ensions 
for the prirnary inductance of the tuning transfortner~ and the propor­
tion of turns assignc<l to tbc prirnary and to the loading coil resolve 
themsclves f or solutìon simply to matters of space and conveniencc. 
Ordinarily the primary con is made ahout the same length as t.he second­
ary coil, althouo-h this is not absolutely necessary . 

Thc san1e rcinarks apply to thc secondary circu1t. A secondary tun­
ìng coil more than 10" or 14'' in lcngth bccon1es unwieldy and if one of 
such dimensions docs not posscss sufficicnt inductance to give a desired 
·wa.ve length, a loading coil 1nust be included in the circuit . 

I-Iere is a good design f or a rcceiving s~t to operate at \va ve 1engths 
fro1n 4,000 to 18,000 metcrs. First construct a coupler of the correct 
diinensions for response up to 3,000 rneterso Then, construct pritnary 
and sccondary loading coils, fitted ·with inulti-point s\vitchcs and ap· 
propriatc cut-off s\v]tches, of thc proper di:!nensions to pcnnit \vhatever 
upper wavc lcngth is dcsired . 

Although it is possiblc to design a single rcccivìng set that \vill respond 
to a.11 \Vavc lcngths from 200 to 20 1000 inctcrs, such a design necessitates 
the use of end turn switchcs for cutting off the unused turns from the 
circuit (as other\vise appreciable losses "Tilt occur) and thcrcforc compli· 
ca tes the constru et.i on. 

The author prefers two sets, one f()r thc rango of t.hc shortcr ·waves 
and the othet for the longer waves. 1"'hc first set should rcspond to 
waves bet\veen 200 and 3,000 rneters and thc sccond should rcspond to 
waves bet,veen 4,000 and 18,000 meters. The first set covcrs thc \vave 
lengths of all spark stations from tbc 200 .. mcter amateur t.ransmitter to 
tho 2,500-ineter tin1e signals frorn Arlington. Thc second set covers aU 
\Vave lengths frorn unda1npcd \vave high power sta.tions, using are traus­
rnitters, high frequcncy altcrnators, etc. 

CAPACITANCE OF A VARIABLE CONDENSER.-The follo,ving 
formula applies for a variahlc condenser of sc1ni-circular platcs. · 

(58) 
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n=total number of parallel plates 
r1 = outside radius of plates 
f'2 =inner radius of plates 
r = thickness of dielectric 

K = dielectric constant 
C=capacitanoo in microfarads for the position of maximum eapacitancc. 

The ca pacity of such a condenser f or other posi tions is proportional 
to the angle through \Vhich the plates are rotated .. 

SECONOARY 
1 
o: • 
i . 5WlTCH 

Fm. 136. Design of a simple inductively coupled recciving tramformor. 

. COUPLING.--It makes no differencc ·whether the primary slides 
into the secondary or vice versa. Ordinarily the primary is set in a 
stationa~y position and is given a larger diameter than the secondary. 
The <=Jecondary coil is 1nounted on i·ods extending through its ccnter '1vhich 
are supported by uprights on the base of the coupler. The rods rcst on 
bushings inounted in the ends of tho coupler which act as bcaring sur­
f aces and as mcans of connection· to the mova.ble secondary coil. A 
general idea may be obtttined from Fig. 136. At B are t\vo bushings 
inserted in '\:-ooden or hard :rubbcr discs set in the ends of the coil. Thc 
rods Ra.re supported by thc uprìghts U[], the rods terminating in binding 
posts for external connection to tbc sccondary. The bushings n1ounted 
in tbc secondary head are connccted to the terminals of the sccondary coil. 

The tuner should be designed so that the used turns of he pri1nary 
and secondary are in direct inductive relation. The ncccssity for thìs is 
apparent from F1g. 137. 'Vhen the primary and sccondary switches are 
set as shown in that figure, the used turns of thc prin1ary are those be­
t\vccn A and B; and of the secondary tho::;e between C and D. If tbc 
used turns between A and B for the shorter range of wave lengths, are 
on the opposi te end of the priinary, then when the necessary coupling 
for an effective transfcr of energy is obtained, the unused turns of both 
windings will ovcrlap providing undesirable elcctrostatic coupling bctwccn 
them , Thìs n1ay prevent sharp resonancc at some wa ve lengths 
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Following Fig. 137 in deta.il: The secondary inductance is varied by a 
simple multi-point s'vitch.. Soinc ainateurs take off taps every 10 or 15 
turns. Resonance between tapR is established by the shunt secondary 
condenser C-1. 

Aerla/ 
7Vni1'g 
67dvéhnce 

--'! wire Aerlol 

PrimQty I 
I 
I 
I 
I 
I 

Oefe~lor 

I t 
le O' 
J---~ 
I I 

FIG. 137. Fundamental drcuìt of the inductivcly C'Oup1ed ieceiving set using a cry~tal rcctifier with a. 
local battery. The diagra.m shows the relative poaitions of thc ' ·u.sed'' tur.ns of thc primary and 
secondary coils. 

The pian of Fig. 137 appeals to thc amateur ·who does not care to 
go to the expense of a utens" and "units" S\vitch for t.he prìmary coils. 
The nun1ber of turns in the acrial tuning inductance is varied by a simple 
plug contact sv.ritch, ·while thc ~rimary ha.s a siinple rnulti-point s\vitch. 
Thc prirnary coil is tapped, .at about cvery 10 turns. Resonance to any 
'vave lcngth occurring bet\vcen the .primary taps may be Eecured either 
by shun ting the primary ·wi th a variable condenser, or by piaci ng a 
variometer in the antenna circuit. Considerable tunìng between taps can 
be efjected by change of coupling between the primary and òtcondary coils 
alone. 

· If the detector in Fig. 137, is a carborundum rectifier, the battery B 
should ha ve an e .n1 .f. of 4 yolt.s. The potenti o meter P i~ on e of 400 
ohn1s. Condenser C-21nay beone of fixed capac.ity-some valuc bet·ween 
0.002 and 0.005 mfd. The telephones should be of 3000 ohins resistance. 

The beginner should study the practical application of the foregoing 
inductance and '\Yave length fonnulae and make several calculations of 
the possible \Vave lengths \vith various coils. This will instill in his mind 
a relative sensc of t.he dimension~ of inductances for various wave lengths .. 

~ 
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Hc \Vill then be able to account for some of the ludicrous dcsigns found 
in the experimental station, many of \vhich l:vere worked out on a ''guess 

k" b . \Vor as1s. 
It is ti·ue that the experiincntcr tnay build up primary and secondary 

cuils of alrnost any dimcnsions and then dcter1nine thc con·ect values for 
different l-vave lengths by "tuning in" transrnitting stations whose "rave 
lengths are definitely kno\vn. 1,urns rnay then be added to the coil or 
taken off to meet the requiremcnts. The bettcr ·way, hovv-ever, is to 

· predetennine the dimensions as this savcs both labor and materia!. 
Such calculations havc a ccrtain educational value that cannot be ignorcd . 

- -
A 6 C. O 

TO GMU~D 1 

Frn. 138 . Show.illg how the inductance of a coi? may be varied a turn a.t a time by n "tcns" and a. ' 1units0 

switch. 

"TENS'' AND "UNITS'' SWITCH.-The use of a sliding contact 
on ·tuning coils for inductance va:riation is not reco1n1ncndcd for, \vith 
continual use, the turns ·wHl be cut through, adjaccnt \YÌrcs pushed into 
direct contact, and the result \Vill be a short c1:rcuit. Unless a variable 
condenser is placed in shunt with the primary coil or in series with the 
antenna a S\vitch must be provided that \VÌll per1nit. the antenna induct­
ance to be varied by a turnata ti-me. Such variation may bo sccurcd by 
th~ combination of a "units and a tens" s\vìtch. 1"he use of "units" 
and "tens" S\Vitches is shown in Fig. 138, \vhere S'\vitch S-2 cuts in ten 
single turns on one end of the primary coil. The S\vitch S-1 cuts in ten 
turns in a group. Thus to cut ìn 37 turn~ in the primary, S-2 i8 pia.cccl 
on the contact stud rnarkcd 7 and S-1 on the cont.act stud inarked 30. 
If threc turns are required f or 1 esonance \\~ith a dh~tant station, S-1 is 
set a.t zero and S-2 on the tap marked 3. If a co1l of 410 turns~ for 
exa1nple, be employed, the :first 10 turns should be connected to the 
switch S-2 and the remaining 400 divided betwcen 40 taps on S-1. 

END TURN SWITCH.-As we bave said, ·the unused turns of 
primary and seconda.ry coils (when thc maxunum nu1nber of tu1ns are 
not used) should be cut off a.s other,vise considerable energy losses are 
introduced into the circuit. This loss i::, occasioned by the self-ccipacity 
of the coil; that is its capacitance bet\veen turns, which may give it a 
defined pcriod of oscillation so that the unused turns will absorb energy 
in a wa.y tha.t may be co1npa.red to coupled primary and secondary cir· 
cuits . lf the unused turn~ are disconnected froin the used turns th~ 
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losscs f1·01n this sourcc are rcduccd and a more efficicnt set is the result . 
Thc position of thc end turn s\vitches in the circuit of a tuning coil is 

shO"wn in FiO'. 138. 'Thc breaks marked A B, CD, E F, · connect to 
brushes on t he end turn s\vitch of Fig. 139. T'hese brcaks are located at 
points convcnicnt to thc range of wavc lcngths ovcr ,vhich it is desircd to 
·work. 

Assume that the prhnary coil in Fig. 138 applies to a tuner t.o be 
operated at \Va ve lengths up to 3 ,000 meters. Thc turns to \vhich the 
taps on thc "uni ts'' S\Vi tch are connected should be in direct inducti ve 
rclation to thc used seconda.ry turns. The brèak at E F shou1d be placed 
so that the first g1·oup of turns \vill rcsonatc at so111e 'vavc lcngth just 
ahove 2001ncters, say 225 n1ctcrs. Thc ncxt hrea.k CD should be locaicd 
to include a sufficicnt nu1nbcr of turns bct"vccn the end of the coil and 
thc point D so that thc circuit ·will re. onate to so1ne 'vave length slightly 
a.l)ovc uOO inctcr:, lct us say n.bout 700 rneters. 

2 l 

TAPS F'OR ~TUOS tJHOER aL40E ~ • 

Fl:o. 139 . Showing the posit,iou of the blades of an .. cnd-turn" switch on n tuning coil. 

. 
1\. sufficient numbcr of turns should thcn be included between brea.k 

CD and break A B so that the antenna circuit \vili resonate at \\rave 
lcngths up to 1,100 mcters. The last group of turns should then add 
enough inductance to the complete primary circuit for it to resonate at 
t.hc wave lcngth of 3,000 mctcrs. It is now evident tha.t the first group 
of turns covcrs amateur wave lengths, the second grou p, commercial wave 
lengths up to 600 1netcrs, thc third group, N aval wave lengths up t.o 1,000 
meters,. and the last group enables the tuner to respond to the tirne 
signals at 2 ,500 n1eters. . 

This s\vìtching arrangement can be applied to tuners having greater 
numbers of turns. The signals are sornetimes increased 20% by cutting 

· off thc unused turns in the circuit. 
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FIG. 140. A ''tens" and "units" switch designed by an amateur experimenter. 

Swi'lcll Arranf_gmenl 1 .. --

- Melhod ol l41ring._ - I 
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l•'rn. 141. Front view of the "end-turn" switch and a wiring diagram. 

1 ·~-. ... 
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Explaining the end turn wwi tch in Fìg. 139, brushcs A B, C D, E F, 
are connected to thc intcrruptions in the winding of Fig. 138. S-2, 
s .. 3 and S-4 are coppcr scgments mountcd on a hard rubber drum \vhich, 
in turn, is inountcd on a shaft rotatcd by thc knob sho·wn at the left of 
the dra \vjng. This same shaft carries the blade s ... 1 of the "tens'' switch, 
w·hich ma.kcs contact with t.he studs leading to the taps brought from 
thc primary \VÌnding. Thc switch S-~ in Fig .. 138 is mounted separately 
frorn S-1 and usually beside it. \Vhen the segments S-2, S-3, S-4 are 
placed as in Fig. 139, the switch S-1 1nust be turned counter-clockwise 
to increasc thc inductance ~ The taps at the bottom of Fig. 139 (ex­
tending frorn coil~ 1, 2, 3, 4) load to tho studs on the "units" and "tens" 
s"\vitches. · 

CONSTRUCTION OF "TENS" AND "UNITS't SWITCH.-
R. Neupert of Pennsylvania has sho\vn the design for a "tcns'' and 
Hunits" sv1itch givcn in thc dra\vìngs, Figs. 140, 141, and 142. The gen­
erai idea of the design is more rcadily understood fro1n the side vie·w in 
Fig .. 140. S·witch X is the "units" S'çvitch, s~·it.ch Y is the ''f.ens" S\Vitch 

/tf efhM of mdktng_ 
SE.nng~ 

4 p1~c-e oF m"lo! ~s 
cvi ovl 0$ shawn 
bfld lhe ed!Je.!J be~; 
OVl°r 

Bus/J1n~ 



184 Wireless Experimenter's Manual 

·and both are mountcd integrally. The front vie\v appears in Fig. 141 . 
Fig. 142 gives t.hc dirncnsions and details far construction. 1'he dimen­
sions must, of coursc, be altercd if thc coil uscd necessitates a grcatcr 
nun1ber of taps. 

Note in t.he side vic'\v of Fig. 140 ho·w the bladc of S\vitch X presscs 
against a brasS ring hcld Ìn p}acc by t\VO or thrcc Inachine scre\VS. rfhc 
end of thc blade is bent as sho\vn to n1akc contact \vith the ring. A lcad 
extends fron1 this ring to a binding post on the outsìdc of thc t.uner. 
Connection to thc s\vitch Y is made through a brass lcvcr u pon 'vhich i t 
is mountcd. The switch bladcs are prcfe1'ably 1nade of spring bra.ss or 
phosphor bronze. Good conta.et for the switch blade Y is assurcd by t.he 
spring K mounted on tbc supporting rod. This is inade of a piece of 
metal, cut as sho\vn, "\vith thc cdges bent aver. If a variable condense1~ 
is placcd in shunt to the priinary coil, it 1nay be found practical to in­
clude as 1nany as t\vo turns in each contact of the s-witch X; othcr,vise 
adhere to the connections outlined above. 

1"he '\Viring diagram of Fig. 141 lacks a "zero 71 stud for the "tens" 
switch. One should be connected in the circuit a.ccording t.o tho \Viring 
diagram of Fig. 138. 

~~Q!MG f05\ .. 

FIG. 143. Vlew of an &l:SClnble<l variomcter. 

VARIOMETER.-This instrumcnt aff ords a. means of obtaining a 
continuous variation of inductance and is therefore useful in radio fre-­
quency circuits. The princi pal ad van tagé that thc vario1neter has over 
the ordinary variable inductance is its absence of sliding contacts or 
co1nplicated switch mechanisms. 

1'hc construction of a variometer for a small range of induct.ance 
variation is sho\vn in Fìg. 143 \vhcrc a stationary coil A mounted inside 
a \vooden frarne is in inductive relation to a second coil B rotatable on 
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an axis . Thc t.wo coih~ are 1nount.cd conccntrical1y and connected in 
serics. \Vhen tho inner coil is turncd so that its axis coincides with the 
axis of thc outer coil and the current circulates through both \vindino-s in 
tho sa1ne direction, their n1agnetic fi ·"lds add and the sclf induction of 
the vario,1nete1· is irnaxim.'um. lf the inner coil is then turned 180 °, the 
current circula.tcs through the two coils in opposite directions, their 
magnetic fields oppose and thc self induct-ìon of t.he unjt is a ininhnum 
or nearly zero. 'Vhen the inncr coil bears any other angle to the outer 
coil the self induetion is a function of the anglc of rotation. 

I t is not customary to design vario1nctcrs of thc type sho\vn in Fig. 
143 to givc a large ran(J'e of inductar..ce variation. In this case multi­
laycred coils or coìls of large diarneter aro callcd for. Single laycr coils 
are gcnera.lly used, the variometer as such being employcd to givc small 
rangcs of inductance variati on . 
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Fra. 144-. Construction of n simple vatioxnotcr madP. up of two concentrie cardboard ring.e. This instru .... 
mcnt wm be found suitable for experimcntal work. 

The variometer, for instancc, is uscful in the antenna circuit of 
Fig. 137 where only a n1ulti-point s\vitch and a plug contact s·witch are 
used to vary the antenna. inductance. In this case it affords close tuning 
bct.·wecn the ta ps on the tuning coils,, 

'rhe design of Fig. 143 is rathcr elaborate but a less expensive type 
of variometer as the one shown in Figs. 144 and 145, is almost equally 
suitable. The inner and outer coils are \vound on concentric cardboard 
tubcs one of \vhich may be rotatcd on an axis as sho\vn. The details 
of construction are as f ollO'\Ys: 1\vo cardboard tu bes, one 6 11 in diameter, 
the othcr 5" in diarnct.er and ca.eh 2" in lengt.h, are ·wound ·with a sino-le 
laycr of N 0 9 24 s.s .c. \VÌre. A space of % '' is left in the tniddle of th~ 
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\vindings to pass the shaft. Tbc san1e amount of 'vire should be placed 
on cach tube and the turns should be thoroughly shellaced to prevcnt 
them fro1n loosening up. 'rhc inner and outer coils are connected as in 
Fig. 144 .. 

A hole is drilled in both sides of each tube to take a piece of ~" 
round brass rod, 8 11 in 1ength. The inner tube should be f astened to the 
brass rad so that i t will revolve 'vith the knob. A pointer may be 
fastcned to the knob to work over a scale as shown in Fig. 145. 

6.P. 

. 

.. - ... . __._ -
J'~ . :.....==::::z.. . ... - · ·· 

LNNe-R WU-40\N«.; 
REVOLVE.S W •TH 

H.R.. K.NOB. 

FIBRE TU6~ 

-----
Fio. 145. View of the nssembled varionieter of F.ig. 144 • 

Ifa greater range of inductance variation ìs rcquired \vith the same 
size coils they may be wound with No 30 s.s.c. wire, instead of No. 
24 s.s.c. . . 

Two methods of using the variomoter as a tuning element in simple 
receiver circuits are sho1..vn in Figs. 146 and 147. The vario1neter V Af 
in Fig 146 is conn~cted in seri es with the anten.na circui t to pro vide cl ose 
tuning. In Fig. 147 it is used both as a tuning and coupling elen1ent. 
The circuit is suitable for 200-n1eter reception. A large range of ~vave 
length variati on cannot be obtained f rom a variometer when used as the 
sole tuning element unless it be made very large and \vound with a great 
number of turns. The circuit of Fig. 147 has been used for long wave 
reception using a large variometer and a vacuum · tu be detector~ The 
simplicity of manipuJation is obvious .. 

The di1nensions and assembly of a ball type variometer lìkc tha.t in 
Fig. 143 is shO'wn in thc dra·wings Fig. 148, 149 and 150. 
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Frn. 146 . The use of t he variometer as a variable an tenna i'lductance. 
Fra. 14 7 . The use of the variometer as a direct-coupled tuning transformer . This circuit is particularly 

suited to short wave reception. 

F rn . 148. Pian view of hall t ype of variometer giving a larger range of inductance variation than that 
shown in Figs. 144 a nd 145 . 

Fig. 148 is a plan view looking down from the top giving the dimen­
sions of the baH and the support f or the stationary coil. Both the su·p­
port and the hall are made of hard wood and are of course, turned out on 
a wood-turning lathe. · The hall for the inside winding measures 5" at 
its greatest diameter, gradually t apering to 31!{6" at both edges. Al­
though the hall_ represented is hollow, i t may also be made of solid wood . 
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. 
The 'vinding on the hall is lef t vacant at tho ccnter to allow the brass rod 
to pass through. If the variomcter is to be used in the antenna circuit 
far short wave reception, ca.eh coil is w·ound full to the edge \Vith No. 22 
s.s .c .. wire. Thc supports f or the stationary ~vinding are turncd f ron1 a 
solld, Rquare piece of , .. vood and are of coursc, gougcd out on a '\vood­
turning JathP.. The t-wo halves of the stationary fra1ne 1nay be held in 
pos1tion by scrffws set in from thc top and base of the box or they may be 
strapped toget her by a brass strip. The support for the st.a.tionary coi 
and the ball should havo a. slight flange {not shown) to assist in holding 
the tqrns in place. 

I f I ~i-r---- 4j ---·-4 

Fw. 149. Side view of tho variomctc.t in Fig. 148. 

The ìnsidc coil is mounted.on a brass rod 8" in length, tapered a.t the 
bottom, \vhere it rests on the brass bearing., This bearing may be made 
to suit tbc builder. The l'Od has a diameter of ~" fron1 the end inscrtcd 
in the ha.rd l'U bber knob, f or a distance of 2 "; f or the next 5 Ys '', it has a 
diameter of ~" and is threaded as shown; f or the i·emaining % " 01 yg" 
it has a diameter of %'', and is tapered at the extreme end. Lock nuts 
hold the ball for the inside \vind1ng in placo. A 180 ° scale may be 
mountcd on the top underneath a pointer . Pins should be placed at 
either end of the scale to lin1it the 1novcmcnt of thc rotating coil. The 
inside coil is connected to the outside coil by flexible conductors. 

It is not difficult to place the turns on the inside of the sta.tionary coil 
if the following instructions are hecded . Construct a wooden ball, split 
in the center ·which just fits ìnside thc stationary coil . The object of the 
split :is to permit a ·wedge to be driven into it. 'Vind thc turns on the 
split ball and afterv.~a.rd cover the inside of the stationary support .\vith 

. t\vo or three coats of shellac. Before thc shellac dries, force the turns 
on the split ball into place and press them firmly against the sides of the 
stat.ionary support by driving the _,vedge into the split. The ~vedges are 
kept in place until the shclla.c has thoroughly dried when thcy may be 
removed. It 'vill tbcn be found that the turris of the stationary coil are 
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firmly placcd. They should be gi ven a furthcr coat of shellac on thc 
outside so there is no possibility of thc wirc coming loose. 

1 
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Fm. 150. Sidc elevation of the Yariometer of Fig. 148. 

One terminal of the stationary coil is conncctcd to a binding post 
mounted on the top of thc box. The other terminal of the stationa.ry 
coil is connected to a brush which is in contact \vith the rod carrying 
thc hard rubbcr knob. This rod a.1so connects to onc tcrminu.l of the 
ball 'vinding, the second terminal of the ball wìnding bcing connected 

-Fw. 150a.. C!app-Eastham type S.S. Variometer for reeeh1ng cfreuit~ . 
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to the second bin<ling post by mcans of a flexible piece of cord~ The 
stationary and rotary coils can also be connected in parallel with each 
other w hen small ind uctance val ues are required. 

CRYSTAL HOLDERS.-Experirnenters havc sho\vn scorcs of designs, 
many of the1n ìngenuous and providing vcry accurate adjustments for 
sensitivencss. Thc chief considera tion in the design of a crystal hoJder 
is to providc mcans of obtaining a contact \vith any spot on the crystal. 
A contact with a variable tension is dcsirable ~rith most. crystals . . 

Phono~raph ~edk 

C:-1 
A 
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li'rG. 151. Detector stand for carborundum crystals. 

A detector stand suitable for carborundum crystals is sho\vn in 
Fig. 151. The crystal R is im beddcd in a rctaining cup C by mcans of 
vV" oods metal or so1ne other readily · f usable co1npound. The opposing 
contact is a steel phonograph needle mounted in a cup C-1 which is set 
off center on thc arm A. The latter has a univcrsa.l inovenient, as a 
side-wise 1notion is providcd by the pivot and a "round and round" 
movcmcnt at the cup C-1. A spring tensìon inay be providcd for tbc 
arm A but the details for this are not sho-\vn. The sketch of Fig. 151 

· is dra,vn approximately to scale. 
B. B. Al corn of N e\v J erscy has sho·"~n an excellcn t. design f or t.he use 

of severa} crystals of which tbc dctails a.re given in Fig. 152 a.nd are self­
explanatory. The dirnensions may be varicd to suit the builder. The 
cups for the crystals are n1ounted on a brass or copper_ disc Ys" thick, 
pttcd ·w~t~ a knurled hard rubber ring for turning ~~~~ .. \" ";~rjous · cr1stals 
111t(} po$1t1on. · #--.. • - : 

The sup.porting rod and ovcrhanging nr1n are made bf square brass 
rod. Tbc methqd of support.ing the phosphor bron~e contact point, 
deserves pa.rticular attention. ~ 



R.eceiving Apparatus 191 

Daniel O'Connell of New York City has developed a detector stand 
of the "cat whisker" type suited particularly to galena crystals. The 
details of construction shown in Fig. 153 are self-explanatory. The 
crystal is placed in a small glass tube between two "cat whisker" con­
tact points mounted on rods supported by vertical binding posts. 

Hard rvhher Ac(/vslin~ knoh 

Brass Sei ~crew 
for Ae!ivsfmenl.-~~~~ 

f'ho5pltor hrtJnzt!I 
po/111: 

Grcove lor 9/ass Cover · 

Frn. 152. Detector stand for the use of several crystals. 

6ale11a 
1a~ lv6e 

·- Èno v/ew or Base ror lu!Je. -

Fio. 153. "Catwhisker" detector stand. 



192 Wireless Experimenterts Manual 

There are several \vays of providing an adj ustment for this dctectol' . 
,.rhc upright standards may have offset S\vivel joints on their tops to 
petmit the ''v.rhiskers'' being inoved side·wise; the \vhiskers may be moved 
in or out; or the glass tube holding the inincral rnay be revolved until Ioud 
signals are obtained. If t.he minerai is so small that the tube pennits 

, too free a rnoven1ent, it should be \Vound \Vith tin foil until it fiis the tu Le 
snugly. 
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FtG. 154. Detector stand for bornite and zincite cryatahs. 

Fig. 154 shows a detector sta.nel for zincite and bornite crystals dcsigned 
by John E. Finn of New York City. The large cup in \vhich the zincite 
crystals are imbedded with 'Voods meta.I is 1" in diameter, % " deep. 
The other cup which is }1" in dian1eter and %1

' deep contains a single 
crystal of bornite shaved to a point. The remaining dimensions are given 
in the dra wing. 

A 

L eef'I• h.r.. ---3----
. Fw. 155. Detector holder for cryst.a.ls requiring light c\J.ntaf,..a. pressure. 
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John Sha.1er of California regards the detector ho1der of Fig. 155 as 
particularly suited to crystals requiring light contact pressurc . Thr 
principal d1menE7ions appear in the dra·wing. Tbc rnatcrial for construc­
tion can generally "l?e found around the amateur's ·workshop. 

FIG. 156. Detector stand for universal adJustments. 

Fig. 156 sho,vs a detector stand the arm of \Vhich is fitted \vith a ball 
j oint to permit contact at points over the entirc surf ace of a galena 
crystal. I t was dcsigncd by J. F. Bernard of N cw York City. B B is a 
brass ball % " in diarneter, ·w i th a % '' ho le bored th rough the cen ter. 
T T is a brass tube of the correct d.ia1nctcr to slip ìnsidc the hole in the 
hall. Thc \Vhisker is a No. 30 copper 'virc. Thc ball is clarnped bet\vccn 
two uprights \Vhich are of exactly the correct tension to hold it firmly. 

Frn. 157. Detector holdcr for accurate adjustment of conta.et pre.ssu.re. 

Another detector holder ·with a unìversal hall adjustrnent, designed 
by J. G. Stelzer of Michigan, is presented in Fig. 157. Tension is given 
to the contact point by the spiral spring E. Additional tension is pro­
vidcd by the elastic arrn supporting the ball joint and contact piece, 
throu$h ~hEt ~d~usting scre'v A ope:r~~~d by th~ ~nQb C:.. The finished 
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instru1nent should ha.ve dimensions abcut 172 times those givcn in thc 
dra\\ring. A unì vcrsa1 n1ovcn1cnt is provided by the ball lV .. 

ELECTRO~YTIC DETECTOR.-A rcccivìng detector which has 
rapidly f allcn into disusc sincc thc discovery of the sensitive crystals and 
vacu u1u tu be amplifiers is the "whisker point'' electrolytìc responder, 
though this played an importa.nt part during thc early days of ·wireless 
telegraphy in the United Statcs. 'rhc csscntial clcments of this de­
tector are indicated in :Fig. 158. 

r 

M 

E 
FIG. 158. Fundainental dc&gn for the electrolyt.ic dQtoctor. 

w 
e 
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Referring to Fig. 158: The upright binding post, 1'-1, has thc extended 
arm Il, through which is scre·wed rod A. This has a piece of platinum 
wirc W, with a diamcter varying from 0.0001" 'to 0.000038" soldcred to 
the Io,ver end. This ,vire is kno\vn as "vl1 ollaston wire1

' and was f or1n­
er1y used for another purpose. It is coated ,·vith silver to per1nit easy 
handling. 

The fino platinun1 point dìps into thc glass cup C, which nced only 
be large enough to hold eight or ten drops of a 20% solution of nitric 
acid-the electrolyte. In the base of the glass cup is placed a small sheet 
of platinum E, about %" square, which is connected to the right band 
binding post B by means of a connccting \_Virc placed u ndcr the har~ 
rub ber base. 

The circui t f or this detector is the san1e as tha t used with car bor· 
undum rectifiers. The locai battery should be ono of .five or six volts, 
and should be shuntcd b1 a wirc-,vound potentipm~per of 300 to 409 ohm~ 
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rcsistance. The tclephoncs may vary from 7fi to 2000 ohms, the irnport­
ant thing is that thcy be \vell constructed and sensitive. 1'hc podtive 
pole of the local battcry should be connected to the fine \Virc point of t.he 
detector. 

T'vo rulce 1nust be obscrved in order to adjust this detector to a 
sensitive condition. First, tbc fine 'virc platinurn clectrode must j1Jst 
touch the acid, in fact bar ly ma.kc conta.et \Vith it; second, the silver 
must be removed from the platinum \virc. 

'The silvcr coating may be rc1noved by one of three inethods; First, 
an abnormal current froin the locai battcry 1nay be sent through the 
eloctrolytc 'vith the pla.tinurn poìnt slight.ly su binerged. A hissing, 
0Tu1nbling sound ·will be hcard in the head telcphonc \vhich, aft.er a 
pcriod of t'vo or three minutcs becomes of less intensity. The current 
fro1n thc local battery should thcn be reduced until a loud response is 
obtaincd in tbc head telephone fro1n tbc buzzr.r tester. If the silver has 
bccn thoroughly rc1noved, good signals "\Vill be obtaincd. The sccond 
1ncthod of i·cn1oving thc silvcr is to take the platinurn \vire and p1ace it 
for a moment in a vcry strong solution of chemically pure hydrochlotic 
a.cid, the point being rernoved at intervals and exarnìned by thc a.id of a 
rnagnifying glass to deterrnine thc degree to which it has becn ''trirn1ned.'' 
\Vhen an extremely fine "v~rhisker' ' is observed, the point is rcady for use, 
a.nd it should be dipped in fresh \Vatcr to prevent furthcr action of the 
hydrochloric acid. The third rncthod is to beat a small an1ount of 
incrcury ovcr a Bunscn burner. If thc platinum point is dipped into the 
hot mcrcu1·y 1 thc silvc1· 'vill immediatcly be removcd. 

Aen111 

.. 
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The a1nount of acid in the conta.ining cup and t.he a.rea of thc surf ace 
of thc }o,vcr clectrodc of the coil are unirnportant, except t.ha t the upper 
point and the lo\vcr clectrode should be separated no more than }i". 

MARCONI MAGNETIC DETECTOR.~This detector offers some 
interesting possibilities to expcrimcnters of a scientific turn of mind. 
Contrary to the bclief held by so1ne arnateurs, it. is rathcr sensitive par­
ticularly at 'vave lengths around 2500 rneters ,vbcrc it \vill givc as good 
signals a.s a ca.rborundu1n detector. The 1nagnetic detector sho,vn in 
Fig. 159 consists esscntially of an iron wire band B (several strands of 
No. 36 insulatcd iron ·wire t\visted in the fonn of a cable), ·with a total 
length of fro1n 18 '' to 24 ", which is slo,vly dra,vn through thc glass tube 
P by the ebonite or 'vooden pulleys, lV-1 and lV-2, \Vhich, in turn, are 
set in 1·otation by clock \Vork or by a small direct or alternating current 
motor. The glass tube P is wound \vith from 6 to 10 feet of No. 36 
s.s.c. The bobbin S is wound with a numbcr of turns of No. 36 s.s.c. 
wirc such as 'vili givc it resistance of about 150 oh1ns. The hcad tele­
phones joined across t.he terminals of S should bave a resistance close to 
150 ohms. I1nmcdiately abovc thc two hobbins of \vire are placed t \vo 
horseshoe rnagncts \vith like polcs adj acent. Thcse magnets generally 
have a spacing bet'wcen their polcs of about 1%'' and are pla.ced at a 
distance of approximately % 11 to 1 '' fro1n the band B. 
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Frn. lùO. ••sta.ndbyu circuit.q far the Ma~oni n1agnetic detector. 

The glass tube P is usually about 2" in length and ;{6" in diameter. 
The bob hin of ·wirc f or the head telcphonc circuj t has a dia.meter of 172" 
and an overall ·width of Y2". 

. When the band B is set into moven1ent by the clock-~vork soine parts 
Q{ it ~re ma~neti~cd as they approaQh thc f?Otlth polq 9f thc rna~net, an<l 
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fiécordingly are de1nagnctized when approaching the north pole of the 
ma.gnet; howevcr, thc change of flux dees not takc placc on any part of 
the band as it is dircctly under a tnagnetic polc, but is cffcctcd a.t a point 
beyond, a.nd t.hc fìnal rcsult is that the iron band exhibits rnarkcd hyster­
esis \vhich cause it to be susccptiblc to changes of ma.gnetìc ftux when 
cxcited by radio frequency cu1·rcnts. \Vhen high f r~quency electrìcal 
oscillations fto\v through the 'vinding J:> for each group 1 a n1onlentary 
change of the flux takes pla.cc, \Vhich in t.urn induces a current pulse in 
the coil B, creating a single sound for ea.ch \Vave traìn. 

The "plain aerial'' circuit for the n1agnetic detector is indicateci in 
Fi~. 160 1 in 'vhich an aerial tuning inductance L-1 Ì8 joined in series 
'vith thc prirnary \YÌnding of the detector F'. The cireuit t.hen eontinues 
to the ca.rth connection E. As ìndicatcd by the dotted lines a varia.ble 
condcnscr C-l is so1netin1es connected in shunt to the antenna coìl P. 
\Vith this cìrcuit it is only necessary to tune the antenna to the distant 
tra.nsrnìtting station, to secure an audiblc response. 

A 

o 
p s P-1 S-J 

e 

Fm. 161. Circuits of the multiple tuner for use with the l\fa~oni ml\gnetic detector. 

For sharper resonance effects the rnultiple tu.ner circuits shown in 
Fig. 161 are prcfcrable. The intermedia~e circuit of this tuner con1prises 
the \Vinding Sin inductive relation to the pritnary winding P ~ the va.ria.ble 
condcnscr in shunt C-2, and the second coil f>-1 'vhich is in _inductive 
rcla.tion to S-1 . 1.,he .sccondary circuit then continues through the 
variablc condenscr C-1 to the primary ''rinding of the magneti e detector. 
Sincc this detector is a "current-operated" dcvicc thc secondary coil S-1, 
must have comparativcly low value~ of inductance and resistance.. For 
example , 18 turns of No. 18 beli \Viro "\Vound on a form 4" in diameter 
provide sufficient inductance for \Vaves up to 2600 meters. Lìtzendraht 
\Vire is preferred. In this circuit the variable condenser C-1 is an active 
part of the oscilla.tory circuit and the \vave length can be changed over a 
considcrable range by va.riation of its capacity. Usua.lly a condenser of 
about 0.005 or 0.01 n1fd. is ernployed at this point. 
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Thc pri1nary and intermediate circuits are ~vound with the sizes of 
,virc commonly e1nployed in receiving tuners. 

THE FILINGS DETECTOR.- During the past three or four years 
a new form of crystalline detector, n1odeled some,vhat after the origina} 
1\!Iarconi coherer has appeared in the a1natcur market. It consists 
esscntially of a cartl'idge e, Fig. 162, in '\Vhich are placed tv.ro brass lugs, 
D and E, ·which fit snugly into the inside of the cartridgc. The space 
between thc t\vo brass l ugs is fillcd vdth a mixture of scrapings or filings 
taken fro1n some of the \vcll known crvstal rectificrs. The manufac-

" turers are generally rcluctant to give the constituents but good rcsults 
havc bccn obtained ~·ith mixturcs of galena and silicon filings to \Vhich has 
been addcd a slight amount of brass and nickel filings. In fact it ìs 
possible to uso thc scrapings of any of the crystalline detectors kno\vn 
to-day. The brass lugs are separatcd by a distance of about ~" and 
thc in tcrvening space half fil led \Vi th a 1nixture of filings. Th e ca rtridge 
is then sea1ed up tightly and in son1e. cascs cxhausted by a vacuum pump. 
'rhc detector is then connected in thc circuit of an ordinary recciving 
tuncr in the standard rna.nner and the tube revolved hy hand unt.il a 
"sensi ti ve'' adj ustn1en t is f ound. 

NiKlvm ()/ .Scn;pi'ngs 
o/ tir,J/el'IQ. S1fic~ e~ 

G 

FIG. 162. Cry.stul rectifier ruadc up of scrapio.gs from· wdl knowu crystnls compreased bctwwn t~·o 
elcctrodes. 

In order to facilitate the finding of a sensitive point, a buzzcr tester 
is employed, one terminal of which is connccted directly to a ter1ninal 
of the detector. 'Vhen the buzzer is turned on ' certain of the filings '\vill 
cohere and thus automatically locate a sensitive point of rectification. 
It is rathcr difficult to state off-hand j ust hO\V these det<:'ctors operate, 
but it is probable that the action is no different fro1n tlutt in an ordinary 
rectifying mineral; however it may be that \vith so many filings in con­
tact a sensitive point of rectification is more readily located than by thc 
ordinary n1 eans. 

Son1e detectors of this construction are tound to bave a ra.thcr lo'\v 
value of resistance and consequent.ly, are uscd in a "series" tuning cir­
cuit like that used \vith the magne tic detector. I t then becomes ncccs­
sary to change the usual type of stopping condenscr of fixed capacity to 
one of variable capacity for it is now an active element of thc oscillation 
circuit. · 

It has been found that certain n1ixtures of filings require a rather hìgh 
local c.m.f., much in cxccss of that called for by crystals of zincitc, born-
ite, etc. , 
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PRIMARY CELL DETECTOR.- Anot.hcr f orm of the electrolyt.ic 
detector ·which is sensitive and fairly rcliablc in operation is known as 
thc prhnary ccll detector or t.hc ''Shoem.aker Eletfrolytìc." It not only 
pcrfortns the functions of a detector, but has the added property of 
generating its o,~n1 local e.m .f.; in fact it is rca1ly a srnall chernical bat­
t.ery constructcd so it can be used as a radio frequency oscillation detector. 

Zint' ~-__.--L ____,,__J.--t-- P!alinvm 

R B 

Base 

Frn. Hi3. Fundamcnta.( construction of t.hc "prima.ry cell" detector. 

The details of the devicc appcar in Fig. 163. 'fo a hard rubber base 
are fiti.ed t\vo upright binding posts B, and the hard rubbcr or glass cup 
R, ha vina: a capacity of about four or six ounccs of clcctrolytc. The Jeft 
hand element of t.he cell is a sn1all piece of arnalga1nated zinc about one­
third the size of that usually employed in v~ret cells. The right hand 
element is a small platinun1 electrode having a diameter of O .001" or 
0.0001" sealed in glass, with only the tip of the 'vire exposed t.o the acid. 
The electrolyte is a 20% solution of sulphuric acid in 'vhich the tw·o 
elen1ents are im1nersed.. A click is hea.rd when a telephone is joined 
across the t"'"O tern1inals of the prima.ry ce11, indicating that an e.rn.f. is 
being generated. In fact, such cells bave often sho,vn an electromotive 
force of 0.5 volt. 

THE USE OF A LOCAL BATTERY.-The carborundum rectifier, 
rcquires a local battery for bcst rcsponse . The sensitivencss of the 
zincite-bornite . detector is improvcd by a slight local e.rn.f. of a small 
fraction of a volt. Some crystals of galena give· increascd response 
·lvith a swrtll e.in .f. applied in the proper direction. . 

Tho p!~imf!r~T cell det{}(;t-or l?enera.te~ it~ own local e .nl. .f. Thc mag .. 

, 
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netic detector requires no local battery, as it.s sourcc of ''locai energyH 
is thc clock-work for rotating the iron band. 

HEAD TELEPHONES.-The telephone magncts should bave a 
grcat numbcr of turns 1vhen they are conncctcd in a detector circuit of 
high resistance. This demands magnet coil~ 'vound "~ith fine ,vire ,vhich 
necessarily possess a high rcsistance. So-called "current. operated" 
detectors require the use of lO'w resistançe telephones. The n1agnetic 
detector, for examplc, dc1nands telephones of 150 ohms while crystals 
a.nd vacuum tubes call for telephones of t·wo or three thousand ohms. 

Some advantage is gaincd by thc use of light 1veight telephone dia­
phragms whose natural period of vibration corresponds to the spark 
frequency of the trans1nit.ter. 

The so-called umica diaphra.gn1" tc1ephoncs* known as "atnpli­
phones" and by other trade names, are particularly sensitive. Certain 
types 'vill give 10 titnes the strength of signals obtained from ordinary 
telephones. The increase in tbc strcngth of signals is vcry rnarkcd and 
they are rcco1n1nended to all cxperimcnters \vho \vish the bcst l'esults 
f rom. thcir a pparatus. . 

POTENTIOMETERS~---Wirc Vtt'Ound potentio1neters of various typcs 
are in use. Such a potentiornetcr can be made by 'vinding a sufficicnt 
nu1nber of turns of No. 32 resistance wire on a square or round rod to 
give a total resistance of 400 ohms. A sliding contact bearing on a se1ni­
circular piecc of gra.phite or ca1·bon of the requisite resistance is satisfac­
to~·y. A nu1nber of s1nall but.tons of carbon ha.ving resistancc of 20 ohms 
each n1ay be mounted on the studs of a circular multi-point s'vitch and 
conncctcd in series. 'l'he bladc on the s\vitch is · tl1e "potential divider." 

BANKED COILS FOR RECEIVING TUNERS .. -From the designs 
for single layer solenoids already given, it is .evidcnt that long v.rave 
length tuners require very large . coils ,vhich are undesirable f or purcly 
mechanical reasons, such as space considerations, etc~ So·called "bank'' 
'vindings provide large values of inductance 'vit.h rclat.ivcly small coils 
and are widely used particularly for reception at long \vave lengths. 

In regard to the use of .stranded and solid conductors f or tuning coils 

it may be stated that the rcsistance ratio ~ of a coil of strandcd con-
to . 

ductors consisting of a considerable number of very fine insulated ·wires, 
is less for nioderat.e frequencies than for a similar coil of solid \Virc. 
(R, in tbc abovc exprcssion is the resistance of a conductor to a given 
frequcncy n, and Ro is its resistance to direct current.) 

For every coil of stranded conductor there is a critica! frequcncy 
above \vhich the stranded cablc has the larger resistance ratio. The 
critical frequency becon1es highcr as the strands become finer, but for 
conductors made up of several dozen strands of say, No. 40 wire, the 
criticai frcquency is usually above the range of frequencics ordinarily 
etnployed. 

*For a complete e:xplanntion of t.he operntion of thcse tdephoncs. t he reader should conault thc 
author's .. P ractical Wirelcss Tclegr8phy/ ' pages 168 and 100. 
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Strandcd conductors kno,çn a~ "Litzcndraht" are \videly used as 
tuning coils6 In thc case of tuning coils wound 'vit.h stranded conductor, 
the rcsist.ance ratio is al ways greater than f or a straight conductor a At 
high frequcncics the ratio may be two or three times as great., particu1arly 
far very short coils. 

Banked coils f or moderate radio frequencies are preferably 'vound 
"\vit.h stranded conduct.or. For very high frequencies around the 200 ... 
mete1~ ~va ve length a single layer solenoid \Vound \~1ith solìd \Virc \VÌll show 
smaller losses than a coil of stranded wirc . Bankcd coils are not cssential 
at. wavc lcngths belo\v 1000 mctcrs 

The reason for banking the turns of a multi-layer coil Iies in the fact 
that the ca.pacìtance bct·ween layers of the ordinary multi-layered 
solenoid is excessive. This capacitance gives the coil a tendency to 
oscillate at some pa1'ticular frequency and moreover introduces la1·ge 
dielectric losses. In hanked coi1s instead of winding on a complete layer 
followed by successive similar la.yers, onc turn is wound successively in 
cach of thc laycrs. The maximum voltage between adjacent wires is 
thus i·educcd and accordingly the distributed capacitance. 

Tbc ordcr of placing the \Vires on a t\vo-bank coil is as follows: 

3 5 7 9 11 13 15 

I 2 4 6 8 10 12 14 

For a three-bank winding: 

6 9 12 15 18 

5 4 8 11 14 17 

1 2 3 7 10 13 16 

Fo1· a four-bank \Vinding; 

10 14 18 22 

8 9 13 17 21 

7 6 5 12 lG 20 

1 2 3 4 11 15 19 

The iorm on which such coils a.re -çvound should be threaded so that 
the ·wires will stay in place cl uring the windìng proccss. The turns are 
wound on by ha.nd. This is a painstaking job and in order to do it 
ra pidly req uires some expcriencc. 

Let us assun1e that the amatcw· does not possess ""Litzendrahe' 
wire and desires to inakc up a banked coil for long wave lengths. The 
inductance of such a coil can be calculated to an accuracy of 5% to 9% 
by Nagaoka's forn1ula (40) making "a'' the avera.ge radìus of thc 
banked coil. 
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A~sun1c a. coil 611 in tength, 511 mea.n dia.meter (including the t\VO 
layers), 'vound \vith t·wo banks of No .. 28 rl.s.c. ''rirc. Each layer \vill 
have 53X6=i=318 turns, O!ld two layers, 2X318=636 turns. Hence, 

a=e.35 
b=l5.24 
n = 636 

2ba =0.83 

[( = 0.728 
6.352 X636Z 

L=39.47X 15.24 X0.728=30,778,356 cms. {40) 

Although this coil is but 6" long 1 when shunted by a capacitance of 
0.0005 mfd. it 'vill resonate at 7500 ineters. Hence, if the saving of 
space is a factor, the amateur should use two or three bank \v1nding~. 
The experimenter may no\v \Vork out. for hi1nself the dirnensiooa of bankcd 
coils \vhich 'vill pcrmit tuning to ~..vavc Iengths up to 18,000 metcrs. 
Litzendraht \vire should be uscd if it can be conveniently obtained. 

Let it be thoroughly understood that the object of bankìng thc turns 
is to reduce the distrjbuted capacitance of the coil. As already explained 
a simple multi-layered coil posscsses excessive values of distributed 
capacity. 

NOTE TO EXPERIMENTERS 

IN the following chapters a number of circuit diagrams for the use of tbe Marconi 
V. T. in transmitting and receiving circuits are shown. It is to be noted, tb.at in the 
majority of simple detection circuits the grid leak of the detector bulb is connected 

from the grid to the positive side of the ''A" battery; whereas, when the valves are used 
as amplifiers, the grid teak is connected from the grid to tbe negative si-de of the fila­
ment battery. These methods of connection have been found the best for the Marconi 
V. T ., although they may not hold go od for other types of bulbs. Connecting the grid 
leak from the grid to the positive side of the ''A" battery gives the grid a slight positive 
potential which gives better signals when a hard bulb is used as a detector. In amplifying 
drcuits it is usually desirable to hold the grid at a slight negative potential. This can 
be obtained either by use of the grid condenser with the grid leak connected to the 
negative side of the "A" battery~ or by means of a grid battery of about l~ volts. 

The grid battery provides a slightly easier method of adjusting the grid potential 
than the grld leak and grid condenser, but the latter method is qui te satisfactory. If 
the experimenter possesses other bulbs than the Marconi V.".(., be should try con­
necting the grid leak to the negative and to the positive side of the ''A" battery and 
then, of course, Jeave it where it gives the best results. 

Marconi V. T.'s of tbe soft type (known as Class I) require that the grid leak bel • 
connected fust to tbe negatiYe side of the "A'' battery and then to the positive side,)' ' 
the connection being left where the best signals a.re secured, -(See also note in 
.appendix.) 



CHAPTER VII 

THE VACUUl\f TUBE DETECTOR AND AMPLIFIER­
CIRCUITS FOR DETECTION OF DAl\!IPED AND 

UNDAMPED W A VES-CHARACTERISTICS 
OE THE MARCONI V. T. DETECTOR­

PREFERRED CIRCUITS FOR 
THE MARCONI VALVE 

TYPES OF VALVES.- It is safe to say that no instrurnent or ap­
paratus ernploycd in \Vir lcss tclegraphy and tclephony is susceptible to 
so 1nany uses as tbc vacuum tube. It is not possible in the space a.t 
hand to cover the subject exhaustively, but an effort will be made to 
cxplain the working of the valve circuits considered inost f easible for the 
a.rna.tcur station. 

rrhe field for experiinentation is almost \Vithout limit. Hundreds of 
circuits bave bccn deviscd. Although inany of thcse appear at first 
sight t.o be different from others they are really identica} except that the 
component parts of the system are arranged in a different ·way in the 
circuit. 

The vacuum tube may be used as a plain detector, a.sa radio or audio 
frequ.erwy a.mpl-ifier, as a self-amplifier, as a "beat" recei-ver or as a gene1·ator 
of continuous oscillati"ons f or rad-io telegravhy or telephony. Thc thrcc­
electrode valve is also used as an a1nplifier in land line telephony. I t 
has been employed to control the voltage of a dynamo and there are 
many other use s to ·which it may be put. 

The first important discovery was made by Fleming whose t~ro­
e1einent valve has been used com111ercially for a great nu1nber of years. 
Def or est insertcd a so-called grid elemen t bet ':veen the fil amen t and pla te 
of Flcrning's valve and increased its sensitiveness. Armstrong \Vas the 
first t.o sho'v the operating characteristics of the three-electrode valve 
and bis adoption of the regenera.tive principle marked a distinct advance 
in the art. "'\V cagant contributed the three-electrode valve \vith the 
external grid cle1ncnt, and, finally, the four-electrode valve \vith an 
internal ttnconnecled grid element and an outside electroslfitic control 
element. Donle has recentJy devised a tube with the grid and filament 
placed inside the bulb and the pla.te element on the outside. 

All of these val ves· utilize the electron-ic emiss'ìon of incandcscent lam p 
filamcnts in vacua to obtain eithcr rectification or a repeating action. 
'fhc filament, gridJ and plate are n1ade of varìous metals. One com-

203 
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inercial detector tu be has a nickel fllament, a tungsten grid and a rnolyb­
denuni plate. Another has a tungsten jilament, n, nickel grid and a nickel 
plate. A transmitt]ng tube developed by one n1anufacturer rontains a 
tungsten filament, a rnolybdenum grid, and a nickel 7Jlate. Stil! anot.hcr 
tube has an aluminurn ]Jlate and a spiral grùl of copper containing a slìght 
percentagc of thoriuni. 

Coated filainents are used to incrcase thc electronic cn1ission. The 
prcparation of these filaments is gcncrally kcpt secret by thc manu­
facturers. It is known that son1e manufacturers coat thcir platjnum 
filarnents ·with a 1nixture of oxides, such as bariurn or strontiun1. Such 
filaments cmit large quantitics of elcctrons at low te1nperatures 1 thus 
tcnding to prolong their lifc. Tungstcn filunrents gencrally are burn~d 
at high tcn1peratures. l\:lost bulbs are cxhaustcd to a very high vacuu1n, 
thc internal elemcnts bcing heated to high texnpcratures during the 
evacuation proccss to rernove all occluded gases. This prcvents ioniza­
tion under norn1al conditions of operation, tends to~vard C()nstancy of 
action, and gives thc tubcs definite opcrating charactcri tics which can 
be rclìcd upon throughout their life. 

o 
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r -- ----l 
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l · ~•n1!1 • 
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Ii"ro. 1('>4. Flemi11g'~ wo-electrodu oscillation valve for tbu <lcteetion of radio frequency currents. 

FLEMING'S VALVE.-This detector sho'\\7n in the dra\'ving Fig. 164 
utilizcs a lamp filament and a metallic plate rnountcd in a glass bulb frorn 
\Vhich all air or occluded gases are rerr1oved. The filarnent is of carbon or 
tungsten and tbc plate of copper or nickel. The filarnent F is rendercd 
incandescent by a 4- to 12-volt storage battery. 

If connection is made to the negative terminal of the filament F and 
the p1ate P at C and D respectively, it can bo sho,vn that the valve 
conducts best when the plate is connected to the posi.tive pole of the cu1Tent 
source.. If the polarity of the externally applied e. m .f. be reversed littlc 
or no currcnt \Vill fiow through the valve. It is no'v clear that the va]vc 
posscsscs "unilateral conduclivity,'' i.e., it is a t·ectifier and as such it may 
take thc placc of the carborundu-n1 rectifier slio,vn in previous circuits. 
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The valve not only possesses rectifying properties, hut the resistance 
frorn the plate t.o th~ filament varies \Yith the amount of current flo\ving 
through the valve. This can be demonstrated by the circuit of Fig. 165. 
Here tbc filam nt is heated by battery B-1, \vhile the terminals of tbc 
battery B-2 are connected to the plate and to the negative terminal ·of 
the filament A is a 1nillia1nrneter. If the e.1n.f. of B-2 as read by an 
appropriate volt.meter is slowly ìncreased fro1n some rninin1um value, 
and the reading of thc arninctcr A noted at intervals, it \vill be found at 
first that thc currcnt through thc valve does not incrcase diTectly \vith 
the applied e.1n.f ., and ihat after a critica} e.nLf. is passed, the ~urrent 
increases n1ore ra.pidly than the applicd e.m.f. \vould appcar to call for. 

+ -B-z --:~ 
:Ilo --- -

FIG. 165. Circuit for obtaining the d .c. chara.cteristics of nn oscilb.tion valve, 

Thc data thus obtained inay be plotted in the fonn of a curve as 
sho\vn in Fig. 166. It is seen that the resistance of thc valve falls 
rapidly at t.hc point B. At point C further incrcasc of th * platc c.m.f. 
causes no f urthcr increase of current. This is thc point of saturation. 

The current ma.ximu1n is litnited by t\VO things; the temperature li-mita­
tian of the fila-nient and t he space charge. Obviously if the teinperature 
be increased above sorne critical value the filament ,vill burn out. If 
thc tcniperature be raised t.o the rnaxinnun pcnnissìble valuc thc current 
maxirnu1n bet'ween P and F 'vill be that corrcsponding to the availablc 
supply of clectrons. Further increase of thc c.m.f. of B-2 will not in­
crcase tho electron current because all thc elcctrons. availnble are drawn 
ovcr to the plate. But before all the clcctrons are uscd the space charge 
becon).es effective in rcducing the plate current. The explanation of this 
phenornenon is as follo~rs: Electrons are srnall charges of negative 
electricity and '\vhen a sufficient number have accu1nulated bet,veen the 
filament and plate they constitute a negatively charged field of such 
intensity that thcy repel t.he electrons behind thein so that only a portion 
of those emittcd by the filament. reach the plate. Thus, it is seen that 
the space charge as wcll as the temperature li1nitation mentioncd above, 
tend to li1nit t.he strcngth of the electron currents through thc tube. 

Suppose that thc curve A B C Fig. 166 is obtained with a given fila­
ment temperature. If the filament temperature is increascd a nevi 
curve A B D is sccured '\vhìch indica tes another pòint of saturation at D. 
That is, although thc incrcase in filament temperature has iucreased the 
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electron emission and, thcreforc, the plate to filan1ent current, a point of 
saturation is soon reachcd bccause of the space charge a..nd thc fact that 
all the available electrons have been drav~.~n over to the pla.te. 
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F'xo. Hì6. PJ~te voltage- plate currcut charaeteristie or a two-eleetrode valve l.lhowing its no1~­
umform COtLut1ctiv1t.)r. 

CIRCITTT FOR FLEMING'S VALVE.-Thc dctcction cìrcuit for 
Flcming's valve ·which takes advantage of its non-unifor1n conducting 
properties as indicated in Fig. 166, is shown in Fig: 167. Hcrc the bat· 
tery B-1 not only l1ea.ts' the filamcnt but supplies the Ioca.l c.m.L tu 
permit \Yorking on a point of the charactcristic curve favorablc for the 
detection of radio f requency currcnts. 

The neccssary regulation is obtained by potcntiometer P-1 of 400 
ohn1s shuntcd across B-1. By moving the ta.p along P-1 to t he ri~ht 
the plate P is charged to an increasing positive potenti~_tl. The current 



I 
t 

Vacuum Va1ves 207 

\ from B-1 flows th;rough the telephone P-2, through the secondary coil 
\ L-2 to the plate P, thence to the filament and back to the negative 
' terminal of the battery. 

Assume, then, that the local e.m.f. is adjusted to correspond to point 
B in Fig. 166. This is the point where the resistance of the valve falls 
rapidly. If the incoming radio frequency currents be superposed upon 
the direct current already fiowing through the valve, it is clear from the 

A 

L-J~ ~L-2 

e .. 

- ,.f -_ ... -
~ 

P-t 
FIG. 1G7. Circuit for Fleming's valve using n )ora! current to energize the pla te circuit. The same 

source of currcnt is used for the filament and plate circuits . 

O·z 

AVERAGE TELEPHONE 
CURRENT 

FLUCTUATING 
TELEPHONE C.URRfNT 

INCOMING 05CILLA'TIONS 
(MICRO- AMP5) 

FIG. 168. Graphs showing the phenomena involved in tbe det.ection of radio frequency currents by the 
oscillation valve. 
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curve that when t.hc incoming e .n1 .f. und the local ·e .mJ. ate in the 
11 

same direction, the increase of current through the head telephone 'vill 
exceed the decrease \Vhen these t\vo e.rn .f.'s oppose. Since the pre­
ponderance of current is in one direction, \vhat amounts to rectified 
currents ftow through thc head telephoncs (during the reception of radio 
frequency oscillations). 

Tho forcgoing actions are dcpicted graphically in Fig. 168. The 
lo\ver graph 0-1 sho\VS two groups of incorning radio frequency currents. 
The graph 0-2 shO'ws the fiuctuations of thc tclephonc current, and the 
graph 0-3 indicates approxirnately t.he tolephone current \Vhich is a.n 
average of the a1nplitudes in 0-2. I t is novv clear that cach spark at the 
transmitter 'vill give one pull at the diaphragrn of the rcceiving telephone. 

I t is important to note that along the straight portion of the curve 
Fig. 166, thc pla.te current would increase a.nel decrease by equal amounts 
for any srnall incoming e.m.f. In that region of opcratjon the telcphoncs 
''~ould be traversed by a radio frequency component to \vhich they \vould 
g1ve no rcsponse. 

If, on the other hand, whcn t.he plate e.m.f. is a.djusted to the point C 
on the curve of Fig. 166, and e.m.f .'s gcncrated by incoming signals 
are imprcssed upon the fila1nent a.nd grid, it 1.viil be seen from the curve 
that thc plate current ·will dccrease to a greater extent helo\V its nor1nal 
value than it \Vill increase (above normal), but in so far as the head 
telephoncs are concerned 1 the cff cct 'vili be the sante as on the lo\ver bend 
of thc curve; that is, the telephonc <liaphragm will be impulscd once for 
cach spark of the transmitter. The valve is usually more sensitive at. 
the lo,ver bcnd of the curve. 

Fxc. 169. C.ircuit for use of thc Florning va1-vo as a simple rectifier. 

The circuit for the Fleming curve as a simple r~ctifie19 is sho,vn in 
Fig. 169. Here one terminal of tbc sccondary coil L-2 is connected to 
the plate P and thc othcr terminal through the telephone condenser 
C-2 to tho negative side of the filan1ent F. B-1 is a battery of about 
6 volts and Il a rheostat of 10 ohn1s resistancc. The capacity of C-2 
is abou t O. 002 mf d . The action of thc val ve d urìng reception of signals 
is some,vhat as follov;s; 'Vhen the incoming radio frequency currents 
charge P to a positive potential electrons are dra,vn over from the fila­
ment, \vhich is equivalent to saying t.hat a semi-cycle flows from P to F. 
For the negative half cycles, P is charged negatively, no electro9s are 
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drawn over to the plate and consequently no current passes the valve. 
· Condenser C-2, therefore, receives a uni-directional charge over the 

duration of a wave train and discharges through the head telephone P-1. 

E -::::--:.. ... · 

+ -,e-
··· -

8-2 -

Frn. 170. Circuit for the Fleming valve using separate plate and filamcnt batterics. 

Fig. 170 shows another circuit for the Fleming valve, in which a 
separate battery B-2 of 20 to 40 volts is employed to energize the plate 
circuit. 

Frn. 171. The three-electrode oscillation valve or audion. F is the filament, G the grid, and P the plate 

, 
THE THREE-ELECTRODE V ALVE.-The construction of the three­

electrode oscillation valve is shown fundamentally in Fig. 171 where F 
is the filament, G the grid element, and P the plate. The materials 
commonly employed for the filament, plate and grid have already been 
mentioned. In this valve, the grid G acts as a controlling element of the 
electron currents between the filament F and the plate P. Such control 
is effected by varying the grid to filament potential by an externally ap­
plied e.m.f. Like the two-element tube, the operating characteristics 
of the three-electrode bulb can best be comprehended by analyzing its 
character~stic curves , Cert~in çharacteristic çqrve$ of the popular 
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JVIarconi V. T. \vill follo,v. 1~his tube is suitablc for all-around cxpcri­
n1ental use, as it possesses univcrsn.l operatinU' ch~iracteristics. It inay 
be used as a detector and arnplifier of radio frequency currents, or as a 
generator of contìnuous oscillations. 

The beginner should understand what is ineant by the i·n1)u.t and 
output circuits of the three-clect.rodc tube. For the hulb circuits sho,vn 
in Fig. 171, the input terminals a.re t.he negative side of the fila1nent F 
and grid G, the output terni in als are the plate I' and a terniinal of t he 
filan1cnt, or leads tappcd ofi son1e part of the plate circuit. Thus, in 
Fig. 177, A B are t.hc input tcnninals of thc valve and C D t.he output 
ter1ninals. 
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Fra. 172. Complete cìrcuits for obtahùng the various charactcrì.stics of thc thrce-clcctrode valvo. 

• 

As a prelimìnary description* of thc opcrating charactcristics of the 
valve, the reader should note the effect of varying grid potcntial~ upon 
tbc strcngth of the pla.te current. Referring t.o the diagran1, Fig. 172, 
assurnc that the filamcnt is incandescent and the plate circuit energi.zcd 
by the plate battcry B. Currcnt fiO'\'lS fr.01n the positive te1·minal ·of B 
to the platc P, from t.hc plate to thc filament and thcn to the nega.ti ve 
polc of the battery. 'Ve rnay then piace varying potcntials on thc grid G 
(in respect to the negative terminal of the filan1ont F) by the grid ba.t­
tery C. If the grid is charged by C t.o so1ne upper ·negative potential, it 
\vÌll be found that thc plutc currcnt as read at IP falls to zero. 

If thc potential of C be slo·wly changcd from some neaative valueto 
zero and thcn gradually incrcased to sotnc positive value the current 
through IP will increase; but as in thc two-electrode valve, the rcsistance 
frorn P to F is not constant. It varies \vith the current as 'vili be shown 
by the characteristic curves follo-\ving. Thc curve 'vhich · sho,vs the 
strength of the plate current corresponding to various grid potentials is 
called the ''d.c. characteristic'' of the vacuurn t.uhe. 

To gain a better understanding of the effects of filamcnt, grid a.nd 
plate potential in a vacuurn tube detector, wc will consider thc curves of 
grid potential vs. plate current, ,plate potenti.al vs. plate current; and volta.ge 
a.m.plification vs. ser-ies plate resistance for thc l\larconi V. T. 

*For n. simple but more ~omplete ei planation of tbc thro-ry underlytng the tunctioning of t.be twQ 
clcctrode and three electrode valve, the rC'A<!<:r is roforn.'<i to thc .u.uthor's "Vac~um Tubes in \Vireless 
Coro1n\mication, H . 
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The data for all characteristic phcnorr1cna ma.y be obtained by the 
circuits and appa.ratus of Fig. 172. C is a battery of ahout 80 volts 
shuntcd by a 2000-.ohni potentiorneter. A tap is bi-ough t from the 
middlc of the cell bank so that rnoving the slider from one end to\va.rds 
thc othcr end ·will revcrsc thc polarity of the battery in rcspcct to the 
input tcrrninals of tbc tube. Ef) is an appropriate voltinctcr. lg is a 
rnicroanunct.er (such as thc Paul type) for n1easuring fccblc grid currcnts. 
IP is n. 1nicroa1nn1ctcr or a rnilliarnmct.er f or measuri ng thc pla te currcnt. 
Ep is an appropria.te voltmctcr for the platc battcry. 11 is the filarncnt 
cireuit arruneter whosc 1naxin1urn scale f or rccciving tu bes nccd not 
cx ·ccd 2 ainpcrcs. Severa.I characteristic curves of the h.farconi V. 'f. 
\Vi l l f oll'<rw. Thc grid-voltagc, grid-current curve is not shov1n f or it is 
rclatìvely unin1portant t.o thc experimental t.csts of the ama.tcur worker. 

THE GRID-VOLTAGE, PLATE""CURRENT CHARACTERISTIC.­
Thc data for this characterist.ic are obtained hy adjustjng the fila1nent 
tcrnpC"rature an<l plate volt.a.ge of t.hc tube to normal opcrat.ìng valucs. 
Thc potC'ntial of thc grid (in respect to the negative sidc of the filament) 
is thcn varicd by potention1eter P (Fig. 172) noting at cach step thc 
rea.dings of thc voltineter E0 and thc ammeter I p• 
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Frn. 173. Cunres of grid voltR.go vs. pla.t-0 cu:rrcnt for various pia te potentia!s of the i\brconi V. T. 

Fig. 173 shffws a set of curves obtaincd in this ·way f or the 1vf arconi 
V. T. \vith platc voltages varying from 20 to 300 \vhile t.he filarnent cur­
rent is held stcadily at 0.7 ampere. (Thcse curvcs \Vere taken \vith a 
Class II tube.) 

Noting the curve for 40 volts plate e.ni.L, it ·will be scen tha.t whcn 
the grid potcntial is about -~~ volt~ in .rcspect to the filament the plat~ 
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current is zero The peak of the lower bend of this curve corresponds 
to a grid potential of about -~}1 volts. The plate current correspond­
ing to this is 0.26 milliampere·. When the grid and filament are at the 
same potentìal, i .e .• at zero potential, the plate current is 0.6 milli­
ampere. The graph is linear from that point on fora considerable range 
of grid voltages and the point of saturation occurs when the grid potential 
is +20 volts. 
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Frn. 173a. Phenomena of detection with the three-electrode valve. 

Referring to the valve circuit in Fig. 179 the point on the characteris­
tic curve most favorable to detection in a circuit of that kind is the lower 
bend. Say, for example, the plate voltage is 80 volts and the grid po­
ten~ial -5 volts. Then, from Fig. 173 lp the plate current = 0.45 
milli~mper~. If then the potential of the incoming signal for purposes of 
illustration, is 3 volts, then the potential of the grid to filament will vary 

. between (-5) +'(-3) = -8 vqlts and (-5) + ( +3) = -2 volt~. Tli~ 
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plat.e eurr nt lp \vill accordìngly vary bct\veen 0.25 inilliamperc and 
0.9 n1illiampere; that is, it decrea. es 0.45~0.25 = 0.20 millian1pere bclo\v 
norn1al and increascs 0.9-0.45 = 0.45 mil1iampere above norrnal (for thc 
fir ·t eyclc in the \Vt1 ve trn.in). 

The incrPasc of currc:.nt through the head tclcphonc cvidently excPeds 
thc dccrease. Hence the tclcphones are cnerrrizcd by uni-directional 
currcnts ·which pull thc <liaphragm of thc rcceiver once for cach spark 
at the tran mitter. 

The phcno1nena of reception are outlincd in Fig. 173a. Graph 0-1 
indicates t\vo groups of in ·oming radio f requency currcnts; graph 0-2 
the fluctuating {2;rid potential, graph 0-3 thc correspon<ling platc eurrent 
n.nd gra.ph 0-4 the approxirnatc telephonc currcnt. 

If the valve is worked at the upper bcnd of the curve, dctectìon oc .. 
curs a.1so hut the .<Yraph Q .. 4 would then show· a dec1'ease rather tha.n an 
iIH·rease over the time of a group of oscillations. 

Further study of Fig. 17;) sho\vs that in the linear or st1~aìght port1~on 
of tbc curve, a s1nall o"cillating c.m.f. applied to the grid or input cir­
cuit \VÌll be rcproduccd \Vith fidclity in t.he plate circuit. In this rcgìon 
of thc curve inco1ning radio frcqucncy currents will cause radio frcquency 
variations in thc output circuit and if thcre ìs no <listortion the hcad tele­
phone vvill give no r 0 sponsc. It is along that portion of the curve that. 
the valve characteristic is corrcct for cascadc radio trcquency amp1ifiea­
tion but not for dctcction except '\vhcn the circuit of Fì.o-. 180 is used. In 
that circuit good dctcctìon is oftcn secured whcn the grid to filament 
potential ìs zero. 
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PLATE·POTENTIAL, PLATE-CURRENT CHARACTERISTIC.---2 
The data ìs ~ecured by connecting the grid to the negative tenninal of 
the filament (Fig. 172), setting the filament current at norn1al value and 
varying thc plate voltage progressively. Note is made of the readings 
of l!}P and IP. · 

Fig. 17 4 shows plate-voltage , plate-cur'rent cu.rves oi the Jl,f arconi V. T. 
for fila1nent currents of 0.6, 0.7 and 0.8 ampere, lNith .the grid at zero 
potential . Thesc curves indicate ho\v the characteristics of Fig. 173 
may be expected to vary \Vith different fila1nent currents. They also 
permit computation of the internal resistance of the valve as will be 
cxplained on page 217. 

FILAMENT-CURRENT, FILAMENT-POTENTIAL CHARACTER­
ISTIC.-The data for this characteristic is obtained by connecting a. 
voltmeter across the filament F, Fig. 172, and noting thc reading of 11 
at different voltagcs. 
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Frn.175. Curve offilament current \•.s. filnment voltage forthe :Marconi V. T. 

The curve for the l\.iarconi V. T. is sho\vn in Fig. 175. The value 
of the curve is that it indicates the battery e.m.f. necessary to ina.intain 
the .filamcnt current at any desired value within its operating range. 

AMPLIFICATION CONSTANT.-The amplificatìon constant of a 
vacuum tube is dc:fined aB the ratio of the change of plate voltage ncccssary 
to bring about a given change in pla.te current, to the change in g?·id 
potential required to produce the same change 1in plate cu.rrent .. 
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For an illustrative example; Suppose that the grid potential is zero, 
. and the plate currcnt corresponding theret.o at. SO ·volts plate e.m.f ., 
is 1.35 1nillia.1nperes. Assun1e then, that the grid is hcld at +1 volts, 
and thc platc vol ta.gc varied unt.il the plate curront is again 1.35 1nilli­
amperes. If thc plat.e voltagc is then 74.5 volts, it is evident that a 
change in the grid potential of 1 volt has an efiect of 5.5 times that 
of a sirnilar change in the plate potcntial. The amplificat-ion constant is 
therefore 5.5. It is expressed by K. 

The amplification constant of a tube rnay bo obtained roughly by 
dividìng t.he plate voltage by the grid voltagc ncccssary to reduce the 
plate current to zero. rrhc a.mplification constant of tbc l\tlarconi V. T. 
is approxima.tely 8 .5 at operating adjust111ents. 

A method of obtaining tbc valuc of K by direct ineasure1ncnt ·will be 
describcd on pago 218. 

FILAMENT TO PLATE IMPEDANCE.- In the design of cascado 
a1nplifiers knowledge of the internal irn pedanee of a vacuurn tube is 
essential. If this is kno,vn the hnpedance of the load (the output cir­
cuit) can thcn be given the value neccssa.ry for rnaxiinum pow·er output. 
A son1cw ha t parallel case is tha t of the ordinary dyna1n o '\V here the 
maximun1 po,vcr is obtained in its output circuit \vhcn the resistanco of 
the load is the same as tha.t of the genera tor. Sincc thc resistance of 
the load and generator a.re cqual, cqual a1nounts of po,ver aro dissìpated 
in each and the efficiency of the load \Vili be 50%. This Io,v cfficicncy is 
obviously not pennissiblc in po\vcr ·work, but \Vhcn only srr1all a1nounts 
of power, such as are present in the output circuits of vacuurn tubes 1 are 
available equalit.y of load impedancc ancl tube impedance is dcsirable. 

'1.,he resista,nce of the vlate to filament' tha.t is 1 the internal inipeda,nce 
of the tube inay Lo calculatcd dircctly fro1n tho curve Fig. 17t1or1nca.s­
urod a.s in thc paragraph follO'wing. Take, for instance, the upper 
curve in Fìg .. 174; the irnpedance at point C n1ay be dctennincd by draw­
ing the tangcnt C B to the curve at the operating potcntial \vhich has 
bcen selected in this case as 60 volts. Then dra.w the line C D. 

Thc in1pcdance is then equal t.o t,he voltagc B D dividcd by the 
current CD. Sincc B D =36, a.nd C D=0.00135 an1pero, then Rt, the 

. d 36 
nnpc ance= O.OOl

35 
= 26.,666 oluns. 

SQO· 600 CYC!..f 
A'L. TERNA.TOR. ,,._,,,, 

Jho. 176; ~'liller~s method of measuring tbc internal impedance and a.mpfificatìon constao.t of a vacuum 
tube. Thel::le measurements are of part.icular importance in the desìgn of casca.do va.euum valve 
amplificrs. 
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MEASUREMENT OF INTERNAL IMPEDANCE AND AMPLIFI­
CATION CONSTANT.-The 1nethod to be described was presented 
by J. l\ii. lVIiller in VoL 6, Proceedings of the Institute of Ra.dio Engj:. 
neers (June, 1918). The circuits are sho\vn in Fig. 176. CD is a s1idc 
'vire resistancc of about 7 oh1ns. A generator of 500 to 800 cycles 
cou pled to C D through ~t transf orrner designed so tha t the currcn t 
through CD is a.bout 50 inillia1nperes. Risa dial resistance going up to 
approxhnately 10,000 olnns. 

The a.mplification constant K is obtained by adjusting the slider on 
e D '\Vith the S\Vitch s open until thc tclcphoncs are silent, then 

(59) 

If R z=9 aml R1=l, thcn K= i =9. 

To determinc the internal impedance Re, set the slider on C D at 
the rniddle point, close the s\vitch S and vary R until silence is again 
obtained, then 

Ri=(K-1) R 

If, for example, 

K = 9, R = 3300 ohms, then 
Rt= (~I) 3300=26,400 ohms. 

(60) 

For any other ra.tio of ~2 havìng a value less than J{ forrnula (60) 
ll, 1 

becomes 

( R1 ) Re= Il
2 

K-1 R (61) 

The tube should be adjusted to normal operating conditions dur~ng 
the measurerncnt. 

A 

s 

GR.10 ... / 
lEAK 

MAR.CON' V. T. 

FIG. 177. lndicating the f'1nput0 tcrminals AB and "output" tcnninal;; e D of thc threc-cJectrocfo Vtilvc. 

VOLTAGE AMPLIFICATION~-Thc voltage amplification of a 
vacuum tube is the ratio of the voltagc obtainable across a resistance in 
s~ricF? \Vith its plate ch·cuit to that irnpressod upon the grid circuit. Thus, 
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in Fig. 177' it i.s thc ratio of thc voltagc bct\VCCil the te11ninals e and D 
of R, to the vol t.a.gc applicd bctwecn A and B. 

If K = thc amplification consta.nt. of a tube, Rt = its internal resistancc, 
R = the series plate resistance and µ = the voltage a1nplification 1 it can be 
sho-wn that 

KXR 
µ= 

B+ Rt 
(62) 

Thus if thc maxitnum arnplification constant of a tube =9 , its internal 
im pcdan cc = 29, 000 o hms a nel the load or e ou pling resis tance = 1, 000, 000 
ohms, thcn, 

l t'fi . ( ) 9Xl~OOO,OOO S 7 vo tage amp 1 cation µ. -:- l,OOO,OOO+Z9,000 = .. 

t 

.... ' . ~ ~ 
~ / ~ ! 
.ç ( 
~ • 
~ '1n·1m1; .. C/; '(!;(!(. ~ter1 rstic. 

1 ·a1'rl'JnJ J/01. 'Ul/I ~li ,/;e_ 
""" J'o/n '198 ~ 

1'il'ic '(Jt1a R~. ~1'.!la ~ 
7/11,Q. 7 JIJ ?Ce 

1 

~ !f't/171 "Jt'/)} Cui 1eo1 l , 017'. os. .... ' 
~ I , ,.,, ... n ... _,,. j}--, J()-y. 'Il.; I •1,,1r< I "' "',,' ---

D 

~~(}/." "'" 1.Q()~ {Jl)<}.~' ~ }/) t7(?,tw 

fesi f.stc11 ~ce I(/ fa !aie Clr "'(I// /IJ ~ 'hm:> 

Frn. 178. Cun-c of vol t:ige amp)ificatiou v~. scries platc resi$tance for the J\.far<:oni V. T . 

A curve of voltage amplification plotted a.gainst series plate resistance 
f or the Af arconi V. T. is sho\vn in Fig. 178. Thc value of this curve 
lics in the fact that it shows the correèt value of coupling resistance to 
give the maximum cfficicncy with cascadc amplifiers. It is seen that 
the voltage an1plification increascs rapidly as the load 1·esistance is in­
creased to 200,000 ohms. At 2,000,000 ohms, the voltage amplification 
is 6.5 which compares well with thc best detector tubes: A load im­
pedance of this value will be used in thc cascade amplification circuits 
following. 

The amplification constant K of a tube is dependent upon tne i·atio 
of the spacing bet,yeen the grid and :filament to thc spacing bot'ween the 
grid and plate and upon thc construction of thc grid. 1."'hc ampli:fica­
tion incrcascs \vith a decrease of thc ratio and \Vith smaller grid meshes. 
Since thesc factors of construction are decided upon by the makcr the 
amateur must design bis output circuits to fit the Ìlnpedance of thc tube. 
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DETECTOR CIRCUIT FOR THE MARCONI V. T.-There ate t\vo 
genera] inethods of detecting damped oscillations by a vacuun1 valve. 
The circuit of Fig. 179 utiliz sa grid battery C to pcrrnìt opcration on the 
most favorable point of tbc characteristic curve. The second circuit, 
Fig. 180, cmploys a grìd condenser C-1 to give maxin1u1n rcctification. 
rrhis diffcrcnce may be said to constitutc thc distinguishing fea.tures of 
tbc t\vo circuits. 

--. 

... --e_ 
• .. p 

s-zov 

MAR!ON I V.T 

. -· .. ....... -
__,, 
...!!!!!!!.. -liiiil -

Fw. 179. Deteetion circuit for the three-electrodc valvo using a grid battery to permit operation -0n a 
favorable point of the characteristie curve of the valve. 

Ref erring to Fig. 179, L-1 and L-2 are the primary and sccondary of 
a tuning transf OI'tner. C-2 is a shunt secondary conden.ser. e is a 
grid battcry varyìng up to 20 volts. Pisa 400-600 volt potentio1neter; 
B, the plate battery of 60 volts and 11, a 4-6 volt storage battery. P-1 
are telephoncs of 2{)00 ohms. By varying the -e.m.L of C, the grid can 
be held at any desired negative. or positive potential relative to the filament 
\Vi thin the limi ts of the tu be. 

Referring to Fig. 173, noting thc "SO-volt plate e.m.f ."curve, it \\l~ill be 
seen that the lo"~cr bcnd occurs vfhere the grid potential is -5 volts. 
The grid may be held at that potential by the battery C. In thc region 
of the bend of the curve, an oscillating e.m.f. imprcssed upon tbc grid 
and filament (thc input circuit) 'vill be repcatcd in thc platc circuìt with 
distortion, that is, \Vhcn t.he incoming c.rn .f. impresscd upon thc grid is 
positive thc resulting increase of the plate ctn·rent above the norn1al 
value exceeds the decreasc (bclo,v tbc normai value) \Vhen the grid is. 
negative. The preponderancc of current thcrcforc :flo\VS in one direction, 
i .e., a rectificd current fio1vs in the plate circuit. 

The i·esult is thc same as that obtained ·with the two-electrode valvc,­
the graphs of r:vhich wcre sho·wn in Fig. 168. While the signal is passing 1· 

the platc current on the avera.ge increascs, dccreasing to norrn.al bct\veen. 
sparks at the transmitter. If, on the other band, thc grid potential is 
ma.de positive in i·cspect to •the filamcnt, that is, t.he valve is \VOrked at. 
the uppcr bcnd of one of the curves of Fig. 173 each group of incon1ing 
oscillations \vill caùsc a dccrea.se in thc avcrage telephone current. 

The grid battery is not strictly essential in the circuit of Fig. 179. 
\i ... arying nega.tive grid potentials can be obtaincd \vith so1ne bulbs sirnply 
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by varying the filament temperature and the plate voltage. In othcr 
\vords, thc favora.blc point on the curve for detection may often be 
located in this \vay ,.vithout a grid battery. 

PREFERRED DETECTION CIRCIDT FOR THE MARCONI Vp T.­
Instead of thc grid battcry of Fig. 179 the detection circuit for tbc 
ì\.J arconi V .'r. in :Fìg. 180, has a condenser in series with the grid. Usually 
'\Vith this conncction and no oscillations in thc grid circuit, thc grid and 
fil::uncnt are at zr10 potcntial a.nd no currcnt flo\VS in thc grid circuit; 
tha.t is, no electrons pass fro1n the filament to grid.* 

~ MEl'.:aOHMS 

) MA~CO~t V.T 

----""' 

···G:~ 

Frn . lRO. DetPction circt1it for thc thrcc-cloctroòe valve utiliiin~ a grid condenscr to obtnin ma.:ximutn 
rc:ct.ìflcatiori. Tlii.s dreuit i~ s;encrnlh• prcferred for rec:>eption from ~pnrk tranflrui tt.crs. A grid 
leak i~ required to limit the charbre a ccuinulat.iug on the grid. 

When radio frequency e.m.f .'s are impressed upon the grid circuit of 
Fig. 180 and thc grid to filament potential is approximately zero, the 
gri<l is matle al tcrnatcly vosìti-ve and negati-ve. \Vhcn the grid is positive 
electrons aTe d1·a·wn aver to it, but \Vhcn it is negative the elcctrons are 
repelled. Thus, for cach succccding half oscillation electrons are draw·n 
to the grid , placing a charge in the grid condenser C-1, which is negative 
on the grid sidc . As the characteristics of Fig. 173 show, an increasing 
negative chargc on the grid acts to reduce the plate to filament cur1·ent; 
and hence~ ·whilc a group of inco1ning oscillations undergo rectification, 
the tclephone currcnt is rcduced. If means are provided for leaking thc 
chargc out of thc grid condenser slowly, the grid and Iikewise, thc plate 
voltagc \vill return to their normal potcntial bet"w.een sparks at the trans­
rnitttr. 1n tubes ·which are not highly exhausted the chargc in the grid 
t;Ondcns0J.· will leak through the bulb if posit{ve ionization occurs. Some 
leakage may take place through the dielectric of thc grid condenset or 
through thc glass supports of · thc grid. Artifici,al leakage must be pro­
vided \Vith such valves as thc 1\ifarconi V. T. In practice, lcakresistances 
are callcd ''grid leaks'' and they vary from, say, 80,000 to 2,000,000 ohms. 

Grid leaks may be made by dra,ving a nurnber of 7Jarallel lead pencil 
lines on ca1·dboard between binding posts. If the resistance is too lo\v 
f.Jorr1e of the lines may be i-ubbed out 'vith an eraser. Certain grades of 

*By tbe use of a grid condenser a.nd a variable grid lesk the gri.d c:m be held at .uiy desired neg&tive 
poteotial. 
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dra.wing lnk if deposited on paper bctwcen binding posts will give the 
necessary leakage. Carbon pa.per has becn uscd. Grid leaks mounted iu 
glass tu bes with sealed-in cnds rcady f or use, of the type sho\vn in Fig. 
180a, n1ay be purchased frorn the J\Iareoni Coinpany. They are posi­
tively esscntial f or bcst operation of the :rvlarconi V. T. 

Fro. 180n. Grid leak and ba.se a~ manufacturcd by the Marconi Cotnps.ny. 

In regard to thc complete appara.tus called for in Fig. 180: the dimen­
sions of L-1 and L-2 can be obtaincd by calculation as explained on 
pagcs 169 to 173. For short wave length$ C-2 can be dispenscd with. 
For long ·wave lengths its capacity should not exceed 0.0005 mfd. C-I 
may be of fixed capacity-about 0.0001 mfd. R has resìstance of 2 
megohms.. The e.m.f .. of the A battery is 4 volts, of the B battcry 
about 60 volts. 

To obtain the best response from the ì\1arconi V. T., set the platc 
voltage at some volt'age bet·w·een 25 and 60 and slowly increase the fila­
ment tempera.ture by the rheostat R until a signal maximum is heard in 
the telephones. 

The life of the bulb with normai usage is about 1500. hours .. 

CASCADE AMPLIFICATION.--It is clear from the preceding 
explanations that the vacuum tube is an amplifier of a. variable e.1nJ ~ 
of àny wave form. A single bulb itself is an an1plifier and if used as in 
Fig. 179 or 180 will giye many timcs the strength of signal obtainablo 
'vith a sùnple rectifier like carborundum. If either radio or audio fre­
qucncy voltagcs are impressed upon the input termìnals A B of Fig. 

,.,... 177, amplified voltages of the sarne f rcquency will exist across the ter-
1ninals of the resistance R. These voltages may thcn be imprcsscd upon 
the grid circuit of a second tube 'vhcrein furtner amplification takes placc. 



Vacuum Valves 221 

The output and input circuits of as 1nany as 8 tubes may be coupled in 
cascade for progressive a1nplification. Gencrally thc limit is reached . 
with about 8 tubcs. 

In fact the limits of amplifica.tion a.re reachcd 'vith any combination 
·whcn the currcnt variation of the Iast tube has reached the point of 
sa.turation. 'Veagant, of thc l\1arconi Co1npany, and his staff ha.ve 
devclopcd a vcry succcssfu] 8-tube a1nplifier \vith ·which signals rnay be 
copicd thrcc or four thousand rniles on a s1nall frame acrial a fcvv- fcet 
t>quarc. 

In additi on to a vure resistance coupling of Fig. 177, capacitive, 
i··nductive and cvnductive coupling (auto transformcr coupling) are e1n­
ployed in cas~ade cìrcuits.* For in. tancc, in a cascade radio frequency 
a.mplifier '\vherein thc successive pla.tc and gri<l circuits are coupled 
inductively, use is made of an air core radio frequency transfo1·mer as the 
coupling eleni.ent. Iron core coupling tra.nsfor1ncrs are en1ployed for 
au.dio frequencies. Thcse ina.y be cithcr of tbc open or closed core type. 
A single i1npedance coil is someti1nes used. 

In thc ca.rlicr types of cascade amplifiers separate filament.and platc 
batterics werc e1nployed for each bulb. Circuits havc bcen devcloped 
where one filaJnent battery and one 7Jlate battery \Vere uscd to energize all 
bulbs. Thcrc are f C\V circuits where it is still an advantage to en1ploy 
separate batteri es f or cach stcp. 

TUlflNG 
TRA.N5FOP.Mti. 

P1 Pi 
RAOIOff\tOUt:NCV RAOIO f'IUOUrnCY 
TRAN SfORMf R ìR~.SfOR-.1rn 

PttONt 

Fw. 181. Circuit.s of a cascade radio frequency amplifier U$ing inductìve intervalve C(1up1ings. Separato 
filnmont and plate hatteries are u:>efl forca h v~t.lve. Thìs is one of thP. earlie r type of ci rcuitH which 
hAs been imprnved by using onc plutc btittcr~r an<l one tilament battery for all val ves \'rhethor used 
for radio or audio frequcucy amplificatio11. 

Thc resistance coupled amplifier is rapidly gaining pro{erencc ·with 
cxpcrimcnters because of the si1nplicity of the circuit.s and tbc case of 
obtaining maxi1num amplification. The adva.ntage of this metl1od of 
coupling over the rnethod that uses radio frequency tuning trans! orme?\~ 
bct\vcen valves is obvious. Tbc lattcr rncthod rcquires tuned in7Jut 
and output circuits throughout the systern, and any change in tunjng in 
the radio frcqucncy circuits of the first bulb calls for retuning thc grid 
and platc circuits of all bulbs. This is a complex procedure requiring 
the attention of a skilled mani pula.tor. 

*'Por .a moro comprehenfli\'e description of the many circuits for the vacuum tube, tbc reader sh<luld 
eonsult tho authot'8 " Vacuum Tubes in Wirdcss Communieation.'' Oiily thepp-to-dutc citcuit.s bcifovcd 
to be the inost feasible for amatcur U5C aro dcscribcd hcrc. 
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With the resìstance coupled arnplifier the only tuning required is that 
usually don e at the tuning; transf orrner. A changc of 'va ve length does 
not call for any particular changcs in the const.ants of the a1nplificr circuìts. 

A three-va.lve circuit f or thc arnplification of radio frequencies using 
separate platc and fila1nent batteri es f or successive stcps, is sho\vn in 
Fig. 181. Thc output and input circuits of successive bulbs are coupled 
through radio frcqucncy tuning transfor1ners P-1 and P -2. ,..fhe plate 
circuit.s of ali bulbs are untuncd but the grid circuits are carcfully tuned 
to the frequency of the incoming signal by shunt variablc condensers. 
The firs't t'\vo bulbs f unction as radio frequency amplìfiers and thc last 
bulb acts as a detector in which the oscillations are rectified and stored 
up in the grid condenscr. l~avorab1e grid pot.entials, v.7hich are gcnerally 
obtained along the lincar portion of thc characteristic curve, are given to 
t.he first t\vo bulbs by grid bat.terics \vhich in practicc are shunted by po­
tentio1neters. 'Tbc batt.ery and potentiomet.er shuntcd a.round tbc grid 
condenser of the last. tube are ernployed to limit definitely the potential 
diffcrcnce bet\veen thc griù and filamcnt. This prcvents the grid poten­
tial rising_to such a high negative value that the tube becomcs inoperativc. 

\IAtVE l VALVE t VALVE 3 

--~· -
Jc'm. 182. Circuits of a eascadc audio frequoncy amplificr with iron core intervahre couplings. 

The fundament.al circuits of an audio frequency atnplijier are shO"wn in 
Fig. 182. Here the first bulb is thc detector and the second and third 
bulbs are a.udio frcqucncy amplificrs. rrhe output circuit of the first. bulb 
is coupled to the input circuit of the second bulb through thc transformcr 
L-1 and L-2. Tra.nsfonner L-3, L-4 performs tbc sa1ne function between 
the second and third valves. Suitable intervalvc transforrr1ers for this 
circuit \vill be dcscribcd on pagc 239. Thc intcrva.Ive t.ransformer is de­
signed to have an irnpcdancc at, say, 500 cycles equal to or somewhat 
greater t.han the internal in1peda,nce of the tube. It is dcsigncd \vith a 
stcp-up ratio of turns . 

. The operat.ion of the circuit is as follo\vs: During t'cccption frorn 
spark st.ations, the incoming oscillations are rcctificd bctwccn tbc grid 
filament .and, as alrcady explaincd, thc chargc and discharge of thc grid 
condenser scts up audio frcqucncy voltagc variations across thc prima.ry 
L-1. Siinilar voltages are induced in L-2, \Vhich vary the grid potential 
of the second bulb 'vherein further amplification occurs and so on. 

Grid bat.teries ("C'' batteries) may be used in the grid circuits~ of all 
tubes.. "\Vith some bulbs control C?f thè grid P?tential is essential. 

CASCADE CIRCUIT FOR THE MARCONI V. T.-Thcre are any 
P\,mbcr of c1rc-qit~ \Vhich can be used. A casca.dc s~Btcm. for th l\1arconi 
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V. T. t.hat has heen 'vorkcd out particularly for amateur use is shown in 
Fig. 183. Amplifications of 60 are obtained ·with three (Cla.ss II) bulbs. 
The feature tha t 'vill appeal to thc experimenter is the use of a single 
platc batt ry and a single fila.ment bat.tery for all tubes. 

Rcfelring no\:v to the diagrarn, L .. 2, C-2 is the seconda.ry circuit of the 
tuning transf orrner. C-3 is a grid condenser of O .0001 infd. L-3 is an 
iron core ùnpeda.nce of 20 henries wh1ch acts as the coupling elen1ent be~ 
t\:\~e~n tho first and second bulbs. R-1 js a. 2 n1egohn1 res1stance ' ;vhich 
acts as the couphng elenwnt bebvccn thc sccond and thìrd bulbs. The 
resistanecs R, are grid leaks of 2 rncgohrns each. 'I'hc~e prevent the grìd 
potentials of successive va.tves rising to such a negative value that thcy 
be-come inoperative. The blocking condensers C-4 ha.ve capac1t.anc:e of 
O. 005 mf d . e a.eh. P is a 20QQ .. o h n1 teleph o ne. 

Note t.hat the fila1nents are f cd by thc sa1ne A battery. Thc B bat­
tery, " 'hieh no1v ha. an e.nLf. of 80 volts, cncrgizes the platc circuits of 
the three tu bes. 

Thc operation is as follovls: The first tube acts as a detector, the 
incon1ing oscillations being rectified by the valve action. 

Thus, audio frequency voltages ar built up across the i1npedanre L-3 
"<:..vhich are impressed upon the grirl and filatnent tenninata of the sec0nd 
tube. This tube acts as an amplifier and strll greater voltages are buift 
up across the coupling rcsistancc If-1 ~ The output of the second bulb 
is again amplified by the third tubo. A couplìng rcsistance similar to R~l 
might bave been inserted in thc plate circuit of the first bulb 1nstcad of 
the coil L-3. Instead of this thc coil \Vas crnploycd to pcrn1it t.hc use of 
lo\vcr voltages at the B battery. Had rcsistance couplings been used 
throughout the circuits, the e.m.f. of the B battery would ha ve had to 
be around 110 volts or more. 

The itnpedance lr3 can be made by winding 10,000 turns of No. 36 
cna1ncl 'vire on a core of silicon steel or iron wire % " in dia.meter and 
:3 '' in length. The inductancc of the coil is approxiinately 20 henries. 

As mcntioned bcfore, the teak and coupling resistance may be made 
of lcad pcncil lincs dnnvn on a pi ecc of cardboard, or appropria te grid 
leaks may be pur ·has d from the l\-iarconi Company. It is bclicved that 
this circuit ·will satisfy all tho requirerncnts of thc amatcur station and it 
is particularly recornmended for use in long dista.nce relay work. 

Thc circuits of a reS'istance coupled a.rnplifler conta.ining any nurnbcr 
of bulbs up to cight, are sho\vn in J:i,ig. 184. This n1ethod of coupling 
gi ves good rcsults \Vith the 1\.f arconi \T. 'f. The output and input circui ts 
of successive tubes are coupled through resistanccs of 2 mcgohms cach. 
The rcsistance* of thc coupling units in such a circuit should ahvays excccd 
thc internal itnpedance of the valve. The B battcry should havc a 
potential of 120 volts. The condensers C-4 bave capacitancc of 0.005 
1nfd. each. 

In this circuit, the first tube rectifies incorning oscillations and the 
second and third tubes an1plify the audio frcquency con1poncnt of the 
plate currcnt of the first tube. R .. 2 is a filarnent rheostat of J O 
olnns. If the voltag;e of the filament battcry is four volts 9r less , the 
rheostat is not required. Still greater amplification can be obtained by 
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connecting the condenscr C .. 5 in the circuit as hcrc sho,vn. The conden8er 
providcs I'egenerative coupling between the p]atc circuit of tbc last bulb 
and grid circuit of the first bulb. Thc condenser "\Vill only gi ve regene.ra­
tive a1nplification at short \vave lcngths. For long '\Va ve lengths a 
''tickler'' circuit is preferable. 

~ 

MARC.0~11 VT MARCONt Vt 
l 

,----.--c.4-_-..--- f ,,---,-~r...,...-~-.. 

F1G. 185. Ctl.SCilde arnpli:ficat.ion drcuit using iron core ehokes as_intervalve couplings. The i!Jlpeda.ncc 
of these ehoke~ snould be .somewhu t grcn.tcr than the internal Ullpedance of the tubea. 

The circuits of an impedance coupled a-mplijier* f or use with the 11arconi 
V. T. are sho,vn in Fig. 185. Th is system has been used in re ce i ving se ts 
in wireless telephony f or recording spccch signals. Thc transf or1ncrs 
bct,vcen the an1plifier bulbs are designed to give the bcst rcsponse at 
average uspcech frequcncy" which is approximately 800 cycles. The 
i1npedance of the coils is so1ne,\7hat greate1· than the internal in1pedance 
of t.he tu bes. 

The output circuìts of the first and sccond bulbs are coupled to suc­
cessive input circuits through the iron core iinpedances L-3, each of 
which are dcsigned to bave an impedance equal to, or two or three thnes 
the internal impedance of the corresponding valve. Thcsc chokcs may 
·consist. of an iron core about 27'2" long, 72" in diamctcr, wound to· a 
dia.meter of l" with No. 38 enarncl \Virc. The choke L-3, the din1ensions 
f or \vhich a.re given on page 238 is also satisf actory .. 

The grid lcaks Il bave resistance betv..-ecn 1 and 2 n1egohms. The 
grid batteries C-1, in tbc second and third bulbs, pcrmit \Vorking on 
favorable points of the characteristic curves of the arnplificr tubcs. 1\.. 
battcry of a fc'\v volts ·will fulfil tbc rcquirements. Tbc resist.anco of thc 
telephones P should be rather bigh, and ifhigh rcsistance telephones are 
not available a series resistancc of 10,000 to 30,000 ohms may be con­
ncctcd in series " rith the telcphones. 

Thc first bulb is used for detcction purposes. The grid condenser 
C-3 inay be dispensed wi th in tha.t circuit and a grid ba ttcry of a f e\v 
volts supstitutcd as sho\vn in preceding diagra1ns. The grid battery may 
be shunted by a potentiornctcr to permit close regulation of the grid 
voltage. If the condenser C-3 is employed, it. should have a capacitance 
of about 0.0001 mfd. The condensers C-4 should bave capacitance of 
0.005 to 0.5 1nfd. 

*fg~ audiQ frcqucncy amplifieation. 
-· 
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Thc ctrcuit in Fig. 186 is particularly applicable f or casc~tde atnpli­
fication by tubcs having lo\v a.mplification consta.nts and low internal 
resistances. The tubcs in this circuit are couplcd through closed core 
transf onners.. If thc amplificr is to be usçd f or 'vircless telephony the 
impedances of the transformers should be approxi1natcly equal to the in­
ternal i1npcdanccs of thc tubes at 800 cyclcs. 1"'ho requisite iinpcdancc 
inay be calculated f or lo,wer frequencics ( 500 cycles) and the design of 
thc transforn1er changed accordingly. The rat.io of transformation 
should range from 3 to 6 according to the design of the val ve. 

Thc grid batterics C-1 pcnnit operation on favorable points of the 
characteristic curve which generally are obtaincd \Vith negative values of 
grid potentjal. The telcphoncs P should have an i1npedance equal to 
the Ìtnpedance of thc transforrner ltf-3. Transformers 11!-1 1 J11-2 and 
ll.f-3 are of identical design and one suitablc f or thc Marconi V. T. is 
shown in Fig. 109. · . 

Su1nming up the foregoing circuits Fig. 183 "is particularly applicable 
f or cascarle arnplification ,vith the 1\tiarconi V. T. at short ~va ve Jengths, 
assuming the reception of <lamped oscillations. Fìg. 184 is suitable- for 
the same purpose. Fig. 185 is a circuit applicablc to tclcphonic and 
telegraphic reception, provided thc sccond and third bulbs are designed 
for high amplifica.tion constants and high internal impedances; but dif­
fìculty is apt to be encountered in practica.I opcration with scveral stagcs 
due to thc tcndency of t.he circuits to oscillate at audio frequcncies. Fig. 
186 is suitable for arnplificat.~on using bulbs having Iow amplification 
constants and lo\v internal in1pedances. This circuit functions \veli with 
bulbs requiring pla te voltages around 25 volts. 

lt may prove of intcrest t.o state hcrc t.hat the iinpedancc of a telc­
phonc receiver is often sufficient for an intervalve coupling. .One shtnd­
ard make of t.clephonc has an iinpcdance of 22 1000 ohms at the frequency 
of 500 cyclcs. 

Regarding thc correct grid potential for arnplìfication or detcction tbc 
expcrimenter sho uld understand that if the val ves are to be uscd sim ply 
for a.1nplifica.tio11 they should be vlorked along ~he lincar or straigh t por­
tion of the grid-potential, pla.te--current curve. This holds good for radio 
or audio frequency amplification. But. for the dctcction of ra.<lio frc­
qucncy currents in t.elegraphy, a grid potential should be selcct.ed corre ... 
sponding to son1e point on thc }o,vcr bend on thc curve \vhere the loudest 
signals are obtaincd. Assurne a det.ect.Ing c1rcuit n1adc up of a stngle 
bulb with a three-stage amplifier, the first, the detection bulb, should be 
adjusted to opci~a.te on the bend of tbc characteristic curve (if no grid is 
ernployed) but the grid potentia.l of successive bulbs is preferably such as 
will per1nit 'vorking along the straight portion of the d.c. · charactenst1c 
cu1·ve. 

SELF-AMPLIFIERS OR REGENERATIVE RECEIVERS.~The 
regenerative principle for self-;amplificat1on 'vas first d1sclosed by Arm­
strong.. The underlying idea may be understood by referrrng to thc 
circuì t Fig.. 177. If radio f req uency e.m .f .1 s are im pressed acro~s th e 
input terminals AB, a?nplified radio frequency voltages ·will be set up 
across the terminals CD of the rcsistance ~· If bome of the energy in 
the plate circl;lit i~ ~h~n f eçl bac~ to the grid circ1,lit by inducti'l}e ! condu~tivc 
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or capacitane.e coupting, thc amplìtude of the original grid oscillatìons 
\vill bo increased and still grcater variations in thc plate current will 
rcsult. The inco1uing.signals 1nay thus be amplificd cnorrnously. Either 
tktc radio or a.u.dìo frequency coniponent of the pla.tc currcnt can be a1npli­
fied in this '\Va.y. :For radio frequency a-mplificalion, the grid and pla.tc 
circuits are coupled through a conde~ser or a radio frequency trn.nsformcr; 
for audio frequency anz.plzjlcatùni, an iron core transformcr is crnploycd. 
In ali rc.gcncrativc circuits ca1·e must be t.akcn to have thc platc oscilla­
tions in thc corrcct phaHe reiation so as not to oppose the grid oscillations. 
The correet relation bet\veen the grid and pla.te currents is readily found 
by cxperitncnt. 'Vhcn rcgcncnttivcly couple<l circuits are u8ed for thc re­
C{~ption of <larnpcd oscillations, the coupling of thc rcg;cncrativc trans­
f oriner should not exceed a certa.in cn.~lìcal value ( dct.cnnincd by trinJ), aR 

. othery\rise the valvl~ \Vill be set int o self-oscillat.ion at a radio frequPncy 
an<l beat rece7>tion v1riH he obtained. Althouµ;h beat receivers wìll a?nplzfy 
spa.rk signals to a. very gre~1t degrec, the note of tbc spark station is dis­
tort. cl and a note of diff crent pitch than the normal tone o htaìned. 
1\s n. 1nat.ter of fact a.ny r~gencrativc rccciver desìgncd for thc a1nplification 
of spark frcqucncy signa.ls \vill pcr1nit t.ho reception of undau1pcd 'vn.ve8 
if the coupling betwcen thc grid and plate circuits is sufficienlly close. 
All of tbc circuits \Vhich folknv \vill receive either da1npcd or unda1nped 
'vaves. In the case of undumped wave reception, the ìnducta.nce and 
capacitancc of thc tuning clcments inust be of thc corrcct rnagnitude for 
obtaining rcsonancc vdth the longer vv"aves usually c1nployed by high 
po·wcr stations using -undamped \Yave generators. 

Thcre are many \vays of connectìng vacuu1n tubes for regenerative 
an1plification. Some of the n1ore import.aut circuits suitable for tho 
a1nateur station 'vill be describcd. 

M ARCO~l V. T. 

----...--- + 

--
Frn. 187. Armstrong's original rcgcncm.tivc circuìt for amplificati on of radio frcquencies. 

PRACTICAL REGENERATIVE CIRCUITS.~Fig. 187 is Annstrong's 
originai rcgencrative circuìt. The plate circuit is coupled to the grid 
circuit at L-2, L-3. L .. 3 consists of several turns of wire in inductivc 
relation to L .. 2 through w·hich the amplified plate vo1tages are imprcssc<l 
upon the grid · circuit. f or further amplifica.tion. If an untuned platc 
circuit is used and the coil L-4 eliminated, the coil L ... 3 should have fron1 
353 to 75% of thc inductance of L-2 for the 1onger \Vave. 
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Condenser C-5 pro\rides a path a.round the hcad telephone far the 
radio frequency fluctuations of the plate currcnt. L-4 is a large tuning 
inductance 1vhich is not required at. short ·wavc lcngths. In practical 
operation thc s]gnal is first tuned in \Vith loose coup1ing bct\veen L-2, 
L-3, after \~'hich thc coupJing is inade closer for maxin1urn n.mplification. 

-.. 

f \ GUR.E ~ae- & 

MARCON1 V.T. 
{ 

Frn. 18&.. Ultra.-audiou circuit~., ~rovidhlg electrostatic coupling for regenerativo ampiifìcation. 
Fio. l88b. Ivlodified circuit prov1ding inductiYe and electrost.atìc rcgencrative coupiing. 

Def orest' s ult1·a-audìon ci,rcuits are shO'wn in Figs. 188a and 188b. 
In the first diagram the secondary terminals of the receiving tra.nsfor1ncr 
are connected to the grid and plate of the tube rather than to the grid 
and filament, which is the inore con1mon connection. The condenser 
C-4, shunted by the head telephone P and battery B, provides electro­
static regene1·ative coupling; that is, the condense1· C-4 is charged by the 
fluctua.tiug voltages across the plate battery (and head tclcphone). The 
condensc1· discharges into the grid circuit amplifying the oscillations 
therein. 

The modified circuit in Fig. l 88b has the '' tickler'' coil S-1 which is in 
series with the plate circuit. Inductive regenerative coupling in addition 
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to the elcctrostatic coupling afforded by the condenser is thus provided. 
rrhese circuits may be uscd for the reception of are or spark signals. 
Fig. 188b is applicable to long \Vave lengths provided P-1 and S-1 have 
sufficient mutuai inductance to kcep the valve in oscillation at the lo-wer 
frequencies. 

w 

·' MAR.COt.n V.T 

.FJG. 189. Inductive regeneratìve couplin"1 using a so·called Htiekieru r.oil in the plate drcuit. which ia 
in inducti ve relation to the grid circuit. In practice tbc tickler coil has from :35 % to 7 5 % of the 
inductunr.c of tho sccondary cjrcuìt for wave h~ n~tha from 1000 to 18 ,000 mefiers. l4'or very short; 
wave l~ngths tbc inductance of the tickler should be equal to thu.t of tbc secondary. 

Another ·way of using Armstrong's regenerative principle is sho\vn in 
Fig. 189, ,vhere a ''t.ickler'' coil l.r3 connectcd in scrics with the plate 
cìrcuit is placed in inductive relation to the high potcntial end of the 
secondary coil L-2. The "tickler" may be cut in or out of the circuit 
by the switch l.Jl. \Vhen the s\vitch is placcd t.o the right, a "plain 
detector circui t" f or the :\-larconì V. rr·. rcsults' but \Yhen thrown to the 
lcf t; regenerative a1n7Jriji.cation is obtaincd. The regenera.ti ve connection 
·wìll a1nplify tbc incoming signal about six tirnes. It is possible to design 

--
FIG.190. A system of rcgenerative coupling suitabfo for the amptifi.cation of sigua.ls i.tt short wave lengths. 
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the primary and secondary coils L-1 a.nd L-2 of the tuning tTansfonncr 
so that for the range of \vave lengths, 200 to 600 mcters, tuning can be 
a.ccomplished by the condensers C-1 and C-2 alone. This simplifics the 
nl.echanical constTuction of the receivìng transformer. This circuit is 
reco1nn1ended far long or shorl wave reception and is n1uch used in govcrn­
ment '\Vork. 

71.,hc regenerat·ive circuit sho·wn in Fig. 190 is ·widely uscd and seerns to 
be prcfcrrcd by the inajority of ainateur wireless expcrin1cntcrs for short 
wave lengths. R.egenerativc coupling is here obtained by connecting a 
terminal of the secondary coil L-2 to tbc positive tenninal of the platc 
battcry B. Accordingly, any fluctuations of c.m.f. across the battery, 
during reception of signals, react upon the grid circuit and thus pTo­
vidc rcgencrative a1nplification. L-3 and /_,,-4 are small var-l~o1neters, one 
in the grid circuit and the other in thc platc circuit. 'l'hey are uscd for 
the purpose of tuning. Arnplification is obtaincd in any ·vacuun1 tube 
cìrcuìt by tuning tbc plate circuit a.s well as the grid circuit to the fre· 
qucncy of thc inco1ning signal. The telephoncs P, in F'ig. 190, are 
shunted by a small variablc condenser C-4 whìch gencrally nced not 
excccd O .0005 mf d. This circuit is reconunended for the :&.larconi V. T. 

c4-6 POINT 5WffCH 

MARCONI V.T. 
I 

Fw. UJl. Simplc rcgcncratìve circuit feasible for lrr.1.nsmission and reception. The platc eircuit indnctnnee 
and a scrics condcnscr aro used ae the tuning eJement::) of the ant.euua, griù a.ud plato circuits. 

· 'fhe circuit sho\vn in Fig. 191 \vas suggested by 1\-1. \V. Sterns nnd has 
bccn found good for reception of long or short waves. 'fhe plate in­
ductanco L-1 and the series condenser C-1 act as thc tuning clcrncnt.s of 
the antenna circuit and provide regenerativc coupling. 'l'he path of the 
plate current is from tbc positive terminal of the battery B, through the 
coil L-1, to the plate of thc tube; thenco fron1 the plate to the fila1nent, 
through the head telephones P, and back to thc negative side of the 
battery. · Condenser C-1 should bave a ina.xiinum capac1t-a.nce of 0.0005 
to 0.002 n1fd. For tbc Marconi V. T. the capacitance of the ·grid con­
dcnser C-3 should be about 0.0001 infd. The grid ieak R should bave 
a resistance of 2 megohms. "rhe din1cnsioris of the coil L-1 will vary 
wi th the \Va ve lcngth to be ree ci vcd. 
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Frn . 192. Cir('ui ts of a short wavc receiver preferred b y many amateurs. Tuning is effectcd solely by 
variometers . 

For ~hort wave lengths many amateurs use the tuning circuits shown 
in Fig. 192 in which the prirp.ary and secondary inductanccs of the tuning 
transformer are the variometers L-1 and L-2_. C-1 is a coupling con­
denser of variable capacitance. Although the secondary coil L-2 is 
shunted by a variable condenser C-2, the use of the condenser is not 
advisable at short wave lengths, for the distributed capacitance of the 
variometer L-2 is sufficient to establish resonance with the antenna 
circuit . 

: C-3· 

' 

.··& 

__ __.,,.-111i111111111--+ ___ __ 

Frn. 193. Simplifìed regenerative circuit feasible for reception of long or short waves. 

The plate battery B is shunted by a 10,000-ohm potentiometer P-1 
through which the plate voltage can be very carefully regulated. Al­
though this circuit does not ha ve a regenerative coupler, feed-back 
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am p tifica ti on can be o btained by disconnecting the lower wire of the se~­
ondary from the filament, and attaching ·it to the positive pole of the n 
battery. A grid leak (not sho,vn) should be employed, Tho eircuit of 
1«1g. 192 is recomrnended for short "rVavc lcngths. For long \vave lengths 
vario1nctcrs are not practical as tuning elemcnts. 

A 1nodified rcgencrativc circuit is sho\vn in Fjg. 193 "\vhich is good 
for the reception of long or short \Vave lcngths. 'rhe coils L-1 a.nd L-2 
inay be one long coil tappcd at the centcr as sho\vn. The magnitudc of 
the regenerative coupling is varied by the svvitch S-1, the studs of V·.rhich 
are tappcd off L-2 say every 2 ''. L-1 is varied by a sliding conta.et. or a 
rnulti-point s·witch. C-1 is a variu.ble condenser of say, O .0005 mf d. 
C-3 is a grid condenser of thc usual din1ensions and R a grid leak. C-2 
is a series variahle condenser which will be found useful 'vith long aerials. 
This ci rcui t has been tested \Vi th the l\ilarconi V. T. and hiis been f ound 
particularly suìtable f or short \vaves be cause of its sirnplicity. A seri es 
condenser should be placcd in tbc antenna circuit, ·with acrials over 100 
f eet in length. 

FlG. 191. Weagant's "X" cireuit receive.r suitable for the reception of drl.,.nped or undamped o.s(\illa.tìc.ns. 

In regenerative circuits for the reception of long wave lengths the 
a uthor pref ers W ea.gant' s X circuit receiver sho wn in Fig. 194. The 
principal point of departure from other systen1s is the rnethod of con­
necting up the tuning element.s of the plate circuit. 

'"fhe plate ba.ttery B-2 and head telephone P-1 are shunted by a. 
variable condense1· C-3 connected in series ';vith a variable inductance L-3. 
This circuit will oscillate \Vithout coupling bet\veen tbc grid and plate 
circuits othe1· than that furnìshed by the internal capacity of the valve 
itself; but in some cases, the coil L-3 should be near cnough L-2 to prov:ide 
external regencrative coupling. L-2 and L-3 1nay be scpa.rated 6 '' or 
8" in practice. For very long "'"ave lengths a loa.ding inductancc should 
bo connccted in scrics ·with L-2, both this coil and L-3 having large valucs 
of inductance. This circuit has bcen found to give :very good signals 
and ìt is recommended particularly for tbc reception of undarnped \vave 
signals because of the readiness by \Vhich stations can be "brought in.,, 
The dirnensions of the coils for long \Vaves '\vili be given in the chapter 
following. If a grid leak is provided the circuit \Yill be found very suit­
able f or the Marconi V. T. detector. 
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C-4 ... R." 
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- , + 

'------'----------..]l]l!lllll 
Frn. 195, Regeneratl\.·e eircuit for the arnpl ìficn tìon of the auù~o frC'quency <!ornpone.nt of the pla te 

' urrent. 

.. A 1'1dio freqù(!ncy ~·egenerative coupling may be obtained in the circuit 
of Fig. 195 . . The a.udjo frequency voltages set up in the plate circuìt 
during reception of spark signa]s are irnpressed upon the grid circuit 
t.hrough the transformer Jlf . The ratio of transforn1ation of this trans· 
fonncr va.ries bet\veen 4 a.nd 6. The iinpedance of tbc transfor1ner 
should be given a value equal to, o:r slightly greater than; the internal 
rcsistance of the tube. An Clpen core step-up tra.nsforn1cr may be used 
instead. To hy-pass the radio frequency currents of thc inco1ning sig­
nals around the secondary winding S, the transformer n1ust be shunted 
by a fixcd condenser C-4 of about 0.002 mfd. 

Regenerativc circuits for the siinultaneous amplification of the radio 
qnrl a.udio frequency compone·nt of tbc platc currcnt ha ve been devised. 
Such circuits bave been used in practice but bave been found so1ne,vhat 
unstable in opcrn,tjon. Some cxpcrin1cntcrs prcfer radio frcquency regen­
erative coupling for the detector tube, furthcr amplification being obtained 
by a t"To-· or thrcc-stagc cascadc audio frcqucncy amplifier coupled to 
the plate circuit of the detecting bulb. Audio frequency regenerative 
circuits are not widely used in practice. 

A casca.de amplification circuit of 7 stages no\V in common use was 
developed during the "\Var. The first three tubes are connected in cascade 
for radio frequency amplification. .'Thc fourth tube is then connected 
for detection an<t the x·esulting audio frequcncy pulses in its plate circuit 
are a.mplificd by a three-stage cascade a.udio frcquency amplifier. Need- · 
less to say,. this . circuit gives enormous arnplifications. 

Any ~xperimenter possessing the requircd nu1nbcr of valves can 1nake 
up a sìmilar circuit by studying the diagr::uns for radio and audio frequency 
amplìfiers already given. It "7ill perhaps prove an expensive experiment. 

The several regenerative circuits just sbo\vn represent only a small 
proportion of thosc proposcd. Obviously many variations of the prin­
ci plc a.re possible. 1~hc question as to "rhethcr a casca.de amplifier or a 
single bulb regenerative receiver is preferab]e is not difficult to answer. 
Thc cascarle amplificr will be used ,vhen very great amplifications are 
requìrcd. But if lesser degrees of a1nplifications v;rill sa.tisfy conditions 
thc single bul b regencra ti ve re ce i ver wil l be em ployed. 
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DIMENSIONS OF TUNING ELEMENTS FOR SOME REGEN­
.ERATIVE RECEIVERS.- The method of con1puting tbc required induct­
a.nce and capacitancc in a rcccivìng circuit for a.ny ·wave length ha.s been 

t explained on pages 169 to 173. 
' 

Fw. 195n. Grebe regenerat'ive receiver and two-stage amplificr. Range 170 to 58(} met.era. 

Some suggestions ~nd hclpful hints regarding the rcgcnerativc circuits 
in Fìgs. 188 to 195 will be given. . Suita.ble dimensions for Fig. 187 ~vill 
be given in the follo,ving chapter. Figs. 188ct and 188b i·eprcsent nothing 
unusuaL Thc di1nensions of the prirnary and secondary coils may be 
cornputed by the mcthod already given. C-4 in Fig. 188a has eapacitance 

- I 

Fxa. 19ab. Showing t.he coupJing transformer~ \'flC'l:um tuhe sockets and variometer in th.e Grebe shart 
wavc ampli(ying receiver. 
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of about 0.001 mfd. The dimensions of P-1, S-1 va.ry 'vith tho \vave 
lcngth and can easily be f ound by experin1ent. · 

Arno Kluge of California gives the follo\ving di1nensions for the circuit 
of Fig. 189, if operated vvith an aerial whose natural period is about 175 
ineters. The pTimary L-1 is a tube 3" in diameter wound \Vith 30 turns 
of No. 22 d .s . e. ·wire. Thìs coil "'~Hl raise the wa ve length of thc antenna 
mentioncd above to 600 meters. Thc secondary L-2 is a tubo 272" in 
diameter \vound ·with 50 t urns of No. 24 d.s.c. Thc "ticklcr'~ coil L-3 
is mountcd on a ring that \Vill fit ovcr the end of L-2 and is \vound 'vith 12 
turns of No. 18 annuncìator \vire in a.groove % "\vide. The 'vinding consists 
of 3 layers of 4 turns cach. The capacitance of C-4 is 0.0001to0.001 n1fd. 

In connection with thc circuit of Fig. 190, F. V. I3remer gives thc 
follo\:ving di1nensions for 180- to 580-meter reception. The priinary L-1 
is a cardboard or bakelitc tube 3%" in dia1neter and 272'' long \Vound 
with 56 turns of No. 22 s.c.c. \VÌre. The secondn.ry is shaped likc a 
va.riom.eter ball, is mounted in one end of the primary and contains 30 
turns of No. 22 s.c.c. 

The lJall for the variornet.er in the grid circuit is 472" maximum diam­
eter at the centcr and tapers to 3" at the ends. It is 'vonnd \Yith 32 
turns of No. 20 s.c.c. The sta.tionary winding is 4]/g '' inside diameter 
wound wìth 30 turns of No. 20 s.c.c. 

Thc plate circuit variometer L-4 has the same di1nensions as that f or 
thc sccondary but it has only 27 turns of No. 18 s .e .e. on the ball and 
25 turns on the stationary frame. The construction of varìomcters is 
treated on page 184. 

The circuit of Fig. 191 may be used f or transmission and reception. 
Its range* is about ten miles, \Vith one valve. The coil L-1 as constructed 
by M. "\V. Sterns, is a banked winding split into t\vo sections. The ""ire 
is a Litzendraht cable co1nposed of 42 separate strands of No. 36 B. & S. 
ena1neled wire \vith a double silk covering. i\.. four-bank coil is e1nployed. 
The first section has 50 turns wound on a tube 3" in outside diameter. 
A spacet of %" is left between this and the next section \vhich is wound 
'vith 220 turns, 'vith a. tap at 55 turns, and another tap at the end of 
the coil. Sterns reports that the circuit, with this coil and a srnall 
vaTiable C-1, 'vill function at \vave lengths bet,veen 130 and 1850 rnete1·s 
\vith an antenna of 0.0005 mfd. 

For reception. up to 18,000 meters, the coil L-1 in Fig. 191 should 
be 18 /1 in length, 6 '' in dia.n1etcr and ·wound full vv'i th No. 30 d .s. e. wirc. 

For the vario1neters in Fig. 192, Carleton Ho"\J.7iler has givcn tho fol­
lo'\i\ring dimensions: Ea.ch varion1eter consists of 2 cardboard cylinders, 
the inner one 4 11 in diametcr, and 1 :Y2" 1ong; the outcr onc 472" in 
dia.meter 1 and lYz" long. Both are \VOund full with No. 26 s.c.c. 'vire. 
\Vi th the ainount of ind uctance aff ordcd by the primary variometer, an 
antenna \vith a natural \.\-ave length lcss than 200 meters ·will rcspond to 
\vavc lcngths up to 600 meters. 

The dimcnsions of the coils L-1 and L-2 in Fig. 193 can be calculated 
by the method dcscribed on pages 169 to 173. As mentìoned bcfore, the 
inductancc n1ay beone straight coil tappcd at the center. For vcry close 
tuning the portion L-2, should be tapped every Yz" or so, whil~ tho re ... 

* Trao~.nllttfng range. · 
t Thì!! ~.p~.ç~ is l.~ft t~ t~q-qce ~l!e Q_~~~b~w<l eapacitance. {!:~ t;Qe lt?w~.r -w~ve length~ .. 

" 
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maining portion L-1, preferably is fitted "\vitr1 a "units" and "tcns" 
s\vitch. Condenser C-1 may vary in capacity up to 0.001 mfd. For the 
shortcr \"\~ave lengths ca.pa.cities a.round 0.0003 n1fd. are prefcrrcd. 

The dimensions of the coils in :Fig. 194 \vill be givcn in the chapter 
on unda1nped "\>vave reception. 

- p + 16 
_l•_x __ llitllll-

Fm. 196. ~·tetl.tod of obtaìning negative gr.id potentials without the u:se of a special grid battcry or a 
grld coo.deneer. 

NEGATIVE GRID PO'l'ENTIAL~-'l"he use of the "071 or grid ba.ttcry 
has bcen sho·wn in the diagram, Fig. 179. The requisite negative grid 
potential can be supplied by the ''A'' battcry as shown in Fig. 196. A 
resistance P is cut in the negative side of the A battery and by moving 
the tap T along the rcsistance, the grid can be held at various negative 
potentials. A resistancc of 1 ohm is generally sufficient. 

INTERVALVE TRANSFORMERS.-The design of intervalve couv­
lings for audio frequency a1nplification is a puzzling mattcr to son1e 
expcritnenters. As a.lready mentioned the im.pedance of these coupli·ngs 
n1ust at least be equal to or greater than the internal impedance of thc 
valve. To save the experimcnter thc trouble of carrying out thc neces-
-sary computations din1ensions 'vill be given of transformers that have 
been found suitable for com1nercial types of valves. 

--- ~0.000 TURWS Nt 38 EtUME.LlEt) , 

I 
~ILI CON ~TEEL"'". 

~--- 3~ -----.. 

Fm. 197. Air coro intervalve coupling transformer for audio frequency amplification. A step-up ratio 
of turns (1 to 6) i.s employcd. 

F1a. 198. Dimensìons of a single coil coupling impcdance suita.ble for & casca.de connectiou of '.Marconi 
V. T/s. 

Fig. 197 givcs tl1e dimensions of a.n air core step-up transformer 
suitable for detector ~nd an1plifier bulb such as used by thc Governn1ent. 
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The transforn1cr is suitable for any bulb \vhose internal impcdance is 
about 25 ,000 ohms. The core is a hard rubber rod % '' in diametcr and 
372" long. Tbc primary is wound \vith 5500 turns of No. 32 s.s.c .; the 
secondary \VÌth 2'7 ,500 turns of No. 36 · s.s.c. lt is a good transforrner 
for amplifiers in radio telephony and may be uscd in the circuit of Fìg. 186. 

The dimensions of the couplìng impeda.nce IJ-3 in Fig. 183 are given 
in Fig. 198. This coil is al so sui tablc f or Fig. 185 v.rhen using the 
l\.f arconi V~ T. 

..1· 
fUNCHlNG 

\ .. ,5ECONDARV ,,, ____ ....i 
• "-'..~ ·'- ~I~ 

.. . .. .. ------· ------- - . - -

A B ·C 
Fl:G. rn9. Dimensions and constructional details of the Federa.I Tclegraph and Telephone C-0.'s ahell 

type of tranaformer suifable for intel'valve couplings in a ca5cadc circmt usìng Marconi V. T .'~. 

Fig. 190 gives the dimensions of a closed core interval·ve transformer 
des-igned especìally f or the l'vf arconi v·. T. by the F ederal Telegraph and 
Telephone Co·mpany. Because of the atnplification obtainable and the 
small space it occupies this transformer is recommended to amateur 
experi1nenters. 

The transformer is of thc shcll type and is wound ·with a step-up ratio 
of turns. The primary and secondary coils are 1nounted on the middle 
lcg of the core. The core is built up of ''E11 shaped silicon stecl punch­
ings 14 mils in thickncss. Thirty-eight pieces as sho-wn in the detail C 
are rcq uired. 

The primary consists of 3900 turns of No. 44 enamelled wire and the 
com pleted coil has a diametcr of a bou t _% ". The secondary, w hich is 
·wound immediately over the primary, has 12,000 turns of No. 44 enam­
elled 'vire. The d.c. resistance of the primary is 2200 ohms, and of 
the secondacy 9150 ohms. 

The core punchings are comprcsscd tightly by machine bolts passed 
through the corncrs. Sma11 fiber blocks are mounted on the top of the 
core to support the binding posts f or the primary and secondary terminals. 

A side vie\v of thc complctcd transformer is sho,vn in the detail B, 
while A gives the genera} coil dimensions. These transformers give 
excellent ampllfications at audio frequencies and the experimenter desiring 
a two- or three-stage a1nplifier giving high magnifications should use them~ 
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AH valves 1nay be encrgized by one filarnent. and onc plate battery as in 
thc diagrarns previously shown. 

rrhe expcrimenter '\Vill find it an extremely difficult mattcr to \Vind 
t.hese coils \Vith such fine wìro and he is therefore urged to purchase 
thcm from the manufacturer~ The Federal Company also ma.kes a.n 
exeellent radio frequency inteTvalve t.ransformer '\vhich has been designed 
especinlly f or the l\Ia.rconi V. T. 

HOW TO DETERMINE THE IMPEDANCE OF INTERVALVE 
CO UPLIN GS.~The irn pedanee of a circui t or coi l is equa.I to the . ·qua re 
root of thc su1n of the resista.nce squared and the reactancc squared or, 

Z = -,./ lfl X x2 (63) 

,.fhe reuctance of a circuit in ohms is obtained from thc cxprc. sian, 

X = 271' l'vT L (64) 

where Jl = frequency in cyeles 

and L - inductance in henrics 

If the resistance of an intcrval ve coupling is ineasured on a \Vheat­
stone bridge and the inductance is computed or mea.sured by any of the 
\vcll kno\vn methods, then the impeda.nce may be computed from for­
mula (36) above. 

rfake for exarnple the singlc-laycr solcnoid of Fig. 198. R as meas­
ured = 900 ohms. L as computed or rneasured = 20 henries (approx.). 
Hcnco at the frequency of 800 cycles, 

X= 628 +809 +20 

= 100 7500 ohms (approx.) 

Then Z = .Y 900'.:l X 100,5002 

=== 104 ,024 ohms. 

It is difficult to separate the reactancc and resistance components of 
the impedance of an intorvalve coupling, cxcept by a laborious bridge 
1neasuren1ent. The offectivc impcdancc of the primary, \vhen thc sec­
ondary ìs loaded or unloadcd, xnay be dctcrmined by the simpler met.hod 
shovn1 in Ji,ig. 199a. Here the grid circuit. of the va.cuum tube is con­
nectcd to thc sccondary S of the intervalve transformer, the priniary of 
~vhich ìs couplcd to nn 800-cycle altornator. A pair of telephones P-1 
is connccted in scrics with thc input circuit. A double-thro'v S"witch S-1 
is provided . This, whon thro\vn to the right 1 connects the input cur­
rent to the pritnary P, and to the left substitutes a calibrated 

.. 
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resistance box going up to 100,000 ohms or more. The intensity of 
signals is noted with the switch S-1 thrown to P, and then the switch 
is thrown the other way and the resistance varied until a signal of equal 
intensity is obtained. The value of this resistance evidently is equal to 
the effective impedance of the transformer primary. The effective 
primary impedance may then be measured with the filament of the valve 
burning and the plate voltage and grid voltage adjusted to normal oper­
ating conditions. 

aoo cvcu 
1 SOURCE 

I 

t 

RES1STANCt ~O,X. 
,,.--' 100,000 OHM:> 

UNTER.VALVE 
TRANSFOR.ME.R. 

PHONES 

PLATE.j= 
•8ATTERY ""iiiiiiiii' --

Frn. 199a. Method of determining the effective impedance of an inter-valve transformer. 

It will be found that the effective primary impedance of certain 
valves varies widely for different grid potentials. It may vary from a 
value of 80,000 ohms with one or two volts negative grid potential down 
to 10 ,000 ohms with a half volt or so positivè potential. The experi­
menter may utilize this method in determining the impedance of any 
inter-valve transformer he may happen to have at hand. 
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CHAPTER VIII 

UNDAMPED WAVE RECEIVERS-AUTODYNE AND 
HETERODYNE CIRCUITS-PREFERRED 

CIRCUITS-ROT AR Y CONDENSER 

RECEPTION OF CONTINUOUS OSCILLATIONS .. - In amateur 
transmitters, thc group frequcncics of t.he antenna currcnts lie bet\vcen 
60 and 400 per sccond. In commercia! \Vireless te1egraph transmitters, 
group frcquencìes up to 1000 per second are employed. A special airplane 
transn1itter, developed during the war, is opcratcd offa lOQO .. cyclc gene-
1·ator. The grou p f requen cy, in this case, is 2000 per second. The 
amplìtudes of the antenna oscillat.ions in dani ped ·wa ve transrni tters are 
modulated at an audio frequency by the audio frequency charging current 
supplied by the high voltage transformer making it unnecessary to do 
anything in ore than rcctify the receivcr currents f or responso a t the 
receivi ng station. 

In the case of unda1npcd \Vave transmit.ters, t.he successive an1plitudes 
of the a.ntcnna oscillations are uniform and to obtain rcsponse in the tele­
phone they must be modulated at an audible frequency either by a 
"chopper'' at thc trans1nittcr or by siinìlar or cthcr means at the receìver. 
The modulatìon of continuous oscillations is most çonvenicntly effected 
at the receiver. The "tikke1~," \vhich is a current interrupter connected 
either in the antenna circuit or in the secondary circuit of a receiving 
transformer, is the simplest forn1 of undamped "'~ave detector. lt takes 
the place of the crystal detector in tbc circuìt for damped waves. 

Since the average tclcphonc reccivcr gives best response \vhcn it ìs 
impulsed between 500 and 1000 times per second the "tikker" should be 
desìgned to interrupt the incoming radio frequency oscillat1ons 500 to 
1000 tin1es per second . The telephones ·will then be energizcd periodically 
at a suitable audio frequency as in spark telegraphy. · 

The phenomena of dctectìon \vith a rectifier placed in series with a 
"tikker ," a.re sho,vn in Fig. 200. The graph 0-1 indicatcs inco1ning 
oscillations of continuous amplitude, graph 0-2 the resulting groups \vhen 
the inco1ning cycles are interrupted by a "tikker," graph 0-3 the rectified 
groups, and graph 0-4 the approxin1ate telephone currcnt. If the "tìk­
ker,, ìnterrupts the circuit 1000 times per second 1 1000 groups of damped 
oscillations "rill flo-w in the receiving circuits ·where they are rectified by 
the crysta1. The telephone will be impulsed 1000 times. * 

*For more deta.lled e.xplanatìon of the problems involved in the transmission and detection Qf damped 
ànd undamped oscmationg. thc reader ahould read the ìntroduetion of the .author'a .. Va<:uum Tubes in 
Wirelelts CQmmunica.tion.0 

, 

242 
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Frn . 200 . Graphs showing the phenomena involved in the detection of undamped oscillations by means 
of a "tikker" witb a rectifier in series. 

A 

o o 

PHONES 

--"!' 
Fw . 201. Fundamental circuit for t he Poulsen " tikker." 

A simple circuit f or the Poulsen "tikker" is shown in Fig. 201 which 
also gives a rough idea of its construction. In this case, it is a form of 
a commutator interrupter. ConQection to the disc D is made by the 
brush Band the second brush A makes contact with the copper segments. 
The graphs in Fig. 200 do not show the phenomena involved when the 
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"tikker'' is e1nployed \Vithout a scrics rectifier. The only value of the 
rectifier is that it tends to smooth out the note in the head telcphone. 

1'hc primarv and secondary coils of a receiving tuner to be suitable 
fo1· thc tikker should be inade of low rcsistancc conductor such as Lit­
zendraht. I'hc teìephonc condenser_(;'-2 should havc rathcr high capacity. 
Valuct; of 0.01 mf d. are of ten uscd in practice. 

ro lUNtR 

Frn. 202. . The "slipping conta<:t 11 detector-a ruodìfied t ype of "tikkcr ." 

Anothcr typc of t ikkcr or undamped \vave detector is thc "slipping 
conta.et" detector sho,vn in Fig. 202. 'Vhile t.he dra\ving sho-ws the essen ... 
tials of construction the design 1nay be varicd in many \vays. The disc 
or \vheel lfT is mounted on thc shaft of a small 1notor. One terminal of 
the sccondary circuit is connected to the disc through thc brush B-1 and 
the second tcrininal to the binding post D \vhich supports an elastic 
piece of steel or copper \vire B bea.ring lightly on the wheel W. 'Vhen 
the 1notor is in operation, the \Vire B forins a contact of va.riable resistance 
·which, during reception, varics thc tclcphonc current accordingly. 
. The slipping contact detector gives a slightly clearer note than the 

. tikker of Fig. 201. Both t.ypes are efficìent and vvill permìt undainped 
'vave reception over compuratively long distances. The chicf objection 
to the tikker is the poor note which it produccs in tbc hcad telephonc. 

HETERODYNE RECEIVER.-As alrcady cxplained, in continuous 
\va ve reception it is necessary to modulate the amplitudes of the inco1ning 
oscillat.ions at audible frequencies nt a rate suit.able t.o the hcad tclephonc. 
Although the tikker provides a simple means of obtaining such .1nodula­
t.ion, it is donc much n1ore eff cctivcly by thc so-callcd heterodyne rcccivcr. 
Thc opcration of this rcceivcr is based upon the ìntcract1on of t,vo altcr­
nating currcnt.s of different frequencies. It can be sho,vn that if an 
alternating current of 50,000 cyclcs per sccond, for example, flo,vs through 
a given circuit and if thcre is supcrimposed on the circuit another current 
of a frcquency of 49,000 cyclcs per sccond, the result will be a so-called 
"beat'' current \vith a frequcncy cqual to. the numerical difference of tbc 
t\vo applìed frequcncics or 1000 per sccond. , This principle is extensivcly 
used in undaID;ped \Vave reception, 
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Takc for cxample, the ordinary rccciving circuit for da1npcd wavc 
reception; if the frequency of an undamped signal is 50,000 cycles and a 
detector circuit 'vith a sirnple rcctifier be cinployed, uni-directiona1 pulses 
of ra.dio frequency\vill pass through the. telephonc rccciver \vithout ernit­
ting a sound. But if the ù1con1ing oscillations ]nteract ·with a locally ge11e­
ratcd currcnt of s:.ty 4D )000 cycl~s 1000 bea.t currents ·will be set up in 
the rcccivcr circuits and the am.plitude of the d.c. pulscs flowing through 
the hcad tclcphonc \Vill rise and fall 1000 tirncs per scconù. 

'rtCOMlN G 
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Fm. 203. Graph8 ahowing the funetioning of the "beat" or beterodyne receiver. 

The charactcristic phenomena of thc beat i·ccei ver are best explaincd 
by the graphs of Fig. 203. Graph 0-1 represents afew cyclcs of incoming 
continuous oscillati~ns, and ·graph 0-2 indicatcs the cyclcs of a. locally 
generated radio frequency current dìffcring slightly in frequrncy from the 
current of thc inco1ning signal. The graph 0-3 indicatcs the resulting 
beat currents which are 1wadio frequency cycles Vlith amp1itudcs varied 
at audible frcquencies. The reader must bear in mind that lhc indi­
vidua! cyclcs of each group of beat currents occur at radio frequencìcs 
and that in order to obtain audible response they must be rectificd as 
shown by the graph 0-4. The periodic telephone current is sho,vn by 
the graph 0-5. 

In an earlicr for1n of the beat 1weceiver tlle locai radio frequency cur­
rents were gencrated by a. Poulsen are generator or a high frequcncy 
alternator, but thc vacuu1n tube genera tor is employed in inodern systcms. 
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The vacu.um tube gen<rrator is n1ore suitable for this purpose than t.he 
,. Poulsen are because it is lcss difficult t.o obtain oscillations of any desircd 

frequency \Vith thc tube than 'vith an are genera tor. A tube gene1·ator 
'vill oscillate steadily at f requencies from onè cycle to 10 rnillion per 
second 'vhereu.s the oscillations of the are are apt to be rather unsta.ble 
at thc higher frequencies. · 

6EAT DE. TECTOR 
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e 
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Frn . 204. Circuits of the external heterodyne using a vacuum tube genera tor a3 the source of locnl 
oscilla.,tions . 

A practical circuit f or the heterodyne receiver is sho,vn in Fig. 204. 
It is oftcn called the external heterodyne bccause the locai oscillations are 
gcnerated by a source external to the rcceiving cìrcuits. Thc tube gene­
rator is shO'wn in thc lcft hand part of the dra,ving. The right ha.nd part 
of the dra-wing sho\vs thc circuits of a vacuun1 tube detector. L-1, L-2 
is a tuning transformer and C-1 a shunt variable condense1~. The grid 
battcry and potcntiometer are connected in scrics vilith thc grid circuit 
and a.re shunted by a fixed condenser C-2. Tbc grid battcry is employed 
to inaintain the grid at some negative potcntial most suitable for t.hc 
detection of beat currcnts. If the l\f arconi V. T. is used in this circuit a 
grid ~ondenser and grid leak may be employed instead of the grid battery .. 
The remainder of the circuit is no different from the detection èircuits 
previously outlined .. 

It may prove helpful to explain ho\v the vacuum tube (to the left of 
the drawing) generates radio frequency currents. It 'vill be noted that 
the grid and plate circuits are couplcd through the coil L \Vhich has a tap 
at the center. The upper half of L is thc plate circuit inductance and 
the IO\Ver half of L the grid circuit inductance.. e is a variable condenser 
'\Vhich in reality is shunted around tbc coil L; that is, it is common to both 
the grid and p1ate cìrcuìt inductance. Thc operation of thc tube circuit 
is practically as follo\vs: Assume that tbc potc:ntial of the battcry B-4 
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is varied by any mea.ns: the intensìty of the field surrounding thc coil L 
is cha.nged a.nel an e.in .f. \vill be generated in the coil \Vhich \vill tend to 
increasc the charge Ìn the COndenser C. C \Vill then dìscha.rge through 
thc coil L sctting up radio frequency oscillations. Since the grid ele1nent 
G is tapped offa portion of the coil radio frequency potentials will be im­
pressed upon the grìd. The fluctua.ting grid potential \Vili in turn va.ry 
the plate current and amplify the plate oscillations. Through the 
coupling affordcd by tbc coil L, a still ~rcatcr oscillating voltage is irn­
pressed upon thc grid \vhich 'vill increase thc amplitude of the platc 
oscilla.tions unt.il the limits of the tube and circuits are rcachcd. 

Practicaily all tu bes \Vill oscilla.te in a circuit of tbis kind, but thc 
best resul ts are obtaincd f rorn tu bes "vhosc characterist,ic curvcs show a 
steep slope. \Vith such tubcs sn1all changcs in grid volta.gc \VÌll cause 
relatively la.rgc changcs in thc plate currcnt. 

A convenient voltage for generating po-werful oscillations with the 
lVIarconi V. T. is about +300 volts on thc plate, and a grid voltage of 
about - 18. The grid may be held at this negative potential by the grid 
battery 1 or the sa1ne rcsult will be obtaincd by thc use of a condcnscr and 
an adj ustablc grid lcak. 1'hc J\.Iarconi V. T. 'vill oscilla te at much lo\ver 
plate voltagc \Vith sufficicnt intensity for beat reception. 

'Vhen the taps on the coil L (onc leading to the plate and the other 
to the grid) a.re set n.t sotne value of inductance a.nd thc ca.pacitancc of 
thc condenscr C is varicd some upper vaJue of capacity '\vill be found at 
\Vhich the tube will ccasc to oscilla.te. The inductancc in tbc platc and 
grid circuits must thcn be increased until oscilla.tion is obta.incd. 1'he 
corrcct proportions of inductance and capacita.neo are rcadily found by 
trial. 

The best results are obtained v,rith the circuit in Fig. 204, \Vhen tbc 
primary and sccondary circuits are tu.ned to the desired \Va.ve lcngth by 
a wa.ve1nete1·. The wave1neter should be excited by a buzzcr and its coil 
placed in inductive relation to the earth Iead of thc receivers say at thc 
coil L-3. The inductance and ca.pacitance in botb the primary and 
secondary circuits of the detector tube should then be vatied until maxi-
1num response is obtaincd from the buzzer indicating that the receiving 
set is tuned to the dcsircd '\Va ve lcngth. 

'Vhen adjusting the receiver by trial the operator should first asccrtain 
if possible whether the station desired is actually scnding. He s~ould 
then light the filament of the generator tube a.nd a.djust the voltage of thc 
p]ate battcry to normal operating values. The taps on the coil L should 
be placed \vhere the tube will oscillate at a .ra.dio frcqucncy slightly off the 
frequency of the inco1ning signal. The capacitance of condcnscr C may 
then be varicd until · a~ musical note is heard in thc hcad telephonc. 
Frorn the hetcrodyne princìple outlined above ìt is obvious that thc 
frequency of tbe bca.t note can be varied over a consìderable range. By 
va.rying the local f rcquency the operator can then produce .a pitch suitablc 
to his ears. Not only does the beat receiver perrnit thc pitch of thc 
note to be varied over a " ride range of tones, but. the hetcrodync principle 
it.sclf affords a marked degree of selectivity. 

Assu1ne, for exarnple, that when the frequency of the incoming sìgnal 
is 50,000-cycles per second, and the local gencrator is set ·at 49,000-
cycles, an interfering signal is received 'vhose frequency is 49,500-cycles. 
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'fhe 50,000-cycle signal will produce a 1000-cycle beat noto, and the 
49,500-cycle ~ignal a 500-cycle beat note. lf the frequency of thc local 
generator be then set at 49,500-cycles, a zero beat note \Vill rcsult from 
thc interferin(J" station, and a 500-cycle beat note from thc station dcsircd. 

The circuit for the external heterodyne in Fig. 204 is recom1nended 
for expcrirncnt.al use. If an 8-stage, resist.ance-coupled amplifier pat­
terned after that sho\vn in Fig. 184 is e1nployed instead of the single 
detection bulb sho'\vn in that diagra1n, und&mped \Vave signals can be 
rcccived over several thousand milcs on small frame aerials consisting of 
a fc\V turns of 'virc ·wound on. a frarne 4 or 5 fcct square. 

The exter·nal heterodyne has a d.ìst.inct advantage over the autodyne 
receiver 'vhich ·we vv~iH no'\v describe. In the fonner the frequency of the 
beat note can be varied over a '\Vide range without changing the tuning of 
t.he c·ircuits of the detector bulbs; w hcreas 'vith the autodyne circuits, the 
pi tch of the beat note can only be chungcd by changing the tuning of tbc 
detector cìrcuits. 

To make up a practical circuit like the one in Fig. 204 the experimenter 
1nay select primary and sccondary coils for any desired range of ·wave 
len°ths from the table Fig. 134. For very long \Vavc lengths, say 18,000 
ineters, loading coils should be connected in scrics ·with L-2 and L-1. 
Thc requisite inductànce for the coil L (for long ·wavc lengths) will be 
about 753 of that requìred in the secondary circuit (including the loadin~ 
inductance). For stable osci11ation the capacitance of tbe condenser C 
should not excccd O.OOl 1nfd. Suitable dirnensions fora long wave tuner 
are givcn in design No. 5, Fig. 134~ 

-' -

.0005 )A.f. 
~. 

ìs~.ooo OHM$., . 
C-2 ~ 
' l MA~CON' v;r. 
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FrG. 2{)5. l\.fodificd ultra-audion cir~llit for the recept.ion and detection of undam~d oscilla.tions*. 

*This circuit aomctimcs fnnctions wìth increa.scù scnsitivcnc8S when ~ tiC>kler coil hu.ving approxi­
matdy 75% of the sccondary inductance js p~a.ced in S€'1'ics wìth tbe plate eircuit and in indnctivc rola­
tion with the secondary coils L-3 or L·4 . In one t.ype of Navy tnner using eubstantially t.his circuit tbe 
condense?'t1 C-4 antl C-5 aro made up ìnto one con<lenaer haviug two setfS of fixcd plate$ and one set of 
movìng platea. The ~ates a.ré so mountcd thst afS the caJ?aeity on one sidc increa.ses. the capacity on 
the othe:r tlecreases. The rotating cJcmeJct is aL<>o rnecha.mcally connectcd with the tfokler RO that the 
ratio of the grjd sìdo capacity to the platc side capacity is varied in such a way as to .maint::iin oscma­
tions. Since an increase of cnpM.ity on one side is accompanied. by a dccres.se on tho othcr ~do tbe tun• 
illg cQ:uesPQudiog tQ t\UY partiçul~r ~ettiu~ Qf th'J couctc~~" 0-J. i~ uu.atJ~çwd-
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CJRCUITS FOR UNDAMP,ED WAVE RECEPTION.-i\s 've bave 
sai<l, the circuits in Fig. 187 to 195 are applicablc to unda1npcd ·wave 
reception. Thc circuits follo,ving , Figs. 205t 206 and 207, are particularly 
suitable for such reception at long \vave li·;ngths. 

Fig. 205 is a modijied ultra--a-ucli"on ,~ircuit cmploying electrosta.tic 
coupling bct\veen the grid and platc circuits. It is cla.imed that 'vith this 
circuit no difficulty is encountcrcd in oLtaining beat reception over a \vide 
range of wave lengths. Fig. 206 is a silnplc Armstrong regenerative c{rcui t 
\Vith inductive coupling bet'wccn tbc grid and plate circuits. Regen­
crative coupling is providcd by th~ tickler coil L-5 \vhich is in inductivc 
rela.tion to the secondary coil L-4.. Fig. 207 is lVeagant' s X circuit t 
r commended to the bcginner becausc it is ca ily adju ted and vci-y 
tahle. Al thou.gh an auto-transf orrncr L~2 is uscd as a. coupler, inductivc 
eouplino- rr1ay be used as v.~cll. 

Coming now· to thc dimcnsions of thc various coils. De io-n No. 5, 
J?ig . 134 gives the dhnensions of inductanccs suitablc for thc thrce circuits 
shown. I t is note sential that thesc dirnen ions be duplicatcd. Coils of 
s1naller dia.rnetcr and greater lcngth \vili do as \Vell provided thc ncccssary 
inductanco is obtaincd. 'Ve find fro1n Fig . 134 that the antenna coil L-1 
in Fig.. 205 is 7 " in dia meter, 24 '' I on g \vound wi lh 923 turns of No. 24 
d.s.c. Thc prin1ary coil L-2 is 7" in diarnctcr, 14" long, \vound 'vith 
5:)2 turns of ·:No. 24 d .s .e. 'l'he scconda.ry coil L-3 is 6 '' in dia.meter , 
14 '' in length wound \vith 742 turns of No. 28 d .s.c. Coil L-4 is 6 11 in 
dia.n1cter, 24" long, wound 'vith 1856 turns of No. 32 d .s .c. 

The n1axhnurn capacita.nce of the variahlo C-1 is 0.0005 mfd. C-2 
vttries bct\veen 0.0001 and 0.0005 mfd. C-3 is of fixcd capacity-about 
O .0005 n1f d. C-4 is fixcd and its cupacit.y about O .001 n1f d. 

L-1 is tappecl every t\VO inchcs, L-2 every half inch, or tho latter ma.y 
be fitted 'v'ith a u tens'' a.nd "units'' switch. The units swi tch f or cxamplc, 
should have 20 taps, \vith each tap conneeted to a, single turn. 'l'hc tens 
s\vitch should havc 25 taps c:ich taking in 20 turns. 1'he las t tap obvi--

~-------7_.i~c~ 
MAl,ON r V. t:. 

~ 

Fio, 200. Regenerative receiver wìth "tìcklcrn cou:pling for the reception and detoction of undamped 
osciUations. In some rases thc condcnser C- 3 ~hould shunt thc pia.te battery and the head telcphone. 
The condenaer 0- 4 is of vAlue with soroe designs. ... 
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ously will nccd to ha ve 20+ 12 = 32 turns. Coil L-3 may be ta.ppcd 
every 2"; similarly eoil L-4. For ·wave lengths a.bovc 15,000 meters a 
small variable condenscr should be shunted around L-1 and L-2. For 
the lVIarconi ·v. T. the grid leak R has 2 megohms rcsistance. The A 
battery is of 4 to 6 volts, the B battery 60 volts. 

For the circuit in Fig. 206, L-1, L-2, L-.3, L-4 ha ve the same dimcn­
sions as in Fig. 205. The tickler coil L-5 should ha ve a.pproxima tely 
753 of tbc total inductance of the sccondary circuit, for long wave 
lengths. It may be shunted by a s1nall variable C-4 of 0.0005 mfd. 
Some desìgncrs wìnd the turns of L-5 in grooves on a narro'v drum \Vhich 
just fits over the end of L-4. The turns are wound in mp.ltilayers. 
Thrco taps should be provided for L-5. These will be sufficicnt for the 
range of the longer 'vaves used commercially. . 

The coils L-4 and L-5 nced not necessarily be mounted coaxially. 
Sufficient coupling is gcncrally. provided if the coils are stood on end 
ncar one another. "fho connect.ions 1nust be made so that the current 
alternates through L-5 in the direction to assist the oscillations in the 
grid circuit, and not to oppose them . 

. L-• 

FlG. 207. Wea.gant's "X" cireui t for undampcd wave reception. This is an exceilent circuit for receJr 
tion at long wave lengt.bs. 

For tbc "X" circuit of Fig. 207 the coil L-2 has the samc dimensions 
as the primary in Figs. 206 and 207. L-5 should ha ve the sa1nc dhnen­
sions as L-4, viz. , 6 '' in dia.meter, 24" I ong, 'vound \vith No. 32 d .s .e. 
L-1 has the same dirnensions as in Fig. 206. 

Beat reception may be obtained in the ''X". circuit ·without coupling 
between L-4 and L-5 but it is an advantage ,vith some valves t.o place 
these coils in mutual 1·elation. 'fhc principa1 tuning in the circuit of 
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Fig. 207 is clone a.t the variable condensers C-1 and C-3.·4· The antenna 
circuit is tuned at L-1 and L-2. 

F1a. 207a. Grebo type C R 7 long wave recciving ~t. Range.')()(} to 20,000 mcters. 

If the beginner is not well vcrsed in the manipulation of beat receivers, 
he should use the circuit of Fig. 191, for in order to establìsh resonance 
\Vith a transmitter it is only nccessary to changc the inductancc of L-1 
and the capacitancc of C-1. 

Fxo. ·207b. Showing the arrangement of the apparatus in the Grebe Jo.og wa.vo set. 

DEFOREST HONEYCOMB INDUCTANCES.-Thesc coils wcrc 
developed by R. F. Gowen and ~ark a distinct ad vance in the design of 
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tuning indu~tances. They are exceedingly compact and portablc, and 
the losscs are lo-wer tJ1an in any ot.hcr rnult.ilaycr coil yet àevised. They 
are suitable as 1Jrirnary, secondary and. "tickler" coils and make excellent 
ind uctance elen1en ts f or wa vemeters. 

Fm. 208. Deforest hùncycomb coiJs a.ttached to a special three~oil mounting which permits them to 
be used as a receiving set. These coila ma.y be obtained in va.rious sfae8 auitablo for reception s.t all 
wave len~.-ths between 200 and 25,000 meters. · 

The winding of the honeycon1b coil is peculiar in that it approximates 
a banked \vinding in one direction. The finished coil is cell11la.r, the 
turns of one layer crossing the preceding layer always at an anglo. This 
construction reduces the distributed capacitance to a minimum. One of 
these coils made of standard "litz," \Vith a natural pcriod of 1725 meters, 
had a direct current res_istance of 20.4 ohms and a high frcqucncy resist­
ance at 23 ,500 cycles of only 33 .5 ohms. This particular coil had an 

L- 25 ... .. •0

• • t • •• e••"• 
L- 35 .. , ' . . ....... · .. . 
L- 50 ....... ...... ... .. 
L- 75 ,.. 4 o I I • • • + • + • • • 

L- 100 . . , . 1 i . . ..... ... 

L- 150 .. . . ~ ........ ~ 

Wire 

TABLE XIV 

Miltihenries 
Inductance 

Ap_prox. 

No. 24 s. ~· · · . :r~s I 
.040 

.6 
1.3 

L- 200. . • • . . • . • . . . . .

1 
- I 2.3 

L- 250. . . . . . . . . . . . . . Jl 4.5 
L- 300... ........... No.25 S. C. 1 6.5 
L- 400.. .. . ......... 11. 
L- SOO ... . . . ........ I 20. 
~~~~~~~__;..~~--------

L-1000 . ........ ... .. No. 28 S. S. 100. 
L-1250 .. . .... . .. . . .. 125. 

\ 
AppJo:z:. wave ~engt,h range in 

rneters with ordinary.-0.001 mfds. 
variable air çondenser 

17(}- 375 
200- 515 
24(}- 730 
330- 1030 
45(}- 1460 I 

660-" 2200 
~_;_~~--~s~~~o-__,...2ss~o--~~~ 

1120- 4000 
13~ 4800 
1860- 6300 
Z34ù- 8500 

L- 600 .... .. .... ... · 1 { 40. 
L- 750. ........ . .... i 65. 

=L-~1~500:=.;·~·~·~--~·~··~·~·~· ·~· ~·.!-~~~~~~.!..!....-~~-17~5-·~~~..:.-~~~~---:~~:--~~ 
AU colls ha-ve aninside diam.eter of 2", a width of l"t an outside dianieter varyingfJOm 234"' to 4~"-

r' 2940-12000 
3100-15000 
5700- 19000 
5900-21000 
7200-25000 

These C()ils may be obtained wound with eìther liuendra.ht or solid w.ire. . 

F10. 208&. Giving the eatalogue numbers a..nd other ds.ta. f~r honeycomb coils to còve.r definjtc rs.nges 
of wa.ve length. 
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Fm. 209a. Three honeycomb èoils used a~ an inductively couplcd tuner with. inductivc regcncrative 
coupling between thE:' grid and plo.te circuita. 

FIG. 209b. Modified ~ircuit for the l)Qneycomb coils wherein hvo coìls are used ns an antenna"vnriometer. 
Fia. 200c. A circuit providing direct coupling betwccn the antenna ci.rcuit and detector circuit. T\VO 

honeycomb coils are used as a variomctcr. 
FIG. 209d. Simple J"egeneratiYe circuit for reception of short or Iong wnves. Two honeycomh coìls uscd 

ns a variomoter provide regenera.tive eouphng andare employed to vary the wave length. 
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inductance of 64.5 millihenries and oscillated at 15,250 meters when 
shunted by 0.001 mfd. The advantage of such ~coils over the more 
common types \Vill be readily understood from the f ollowing. 

A single-laycr solenoid for long '\vave lcngths, ~<s is apparent from 
Fig. 134, is a cu1nberso1ne affair and rcquircs a grcat deal of spa.ce for 
mounting. 1\ plain multi-layer \Vinding is out of t.he question for radio 
reception at long \Vavc lcngths bccausc of the excessive self-capacity of 
such coils. To reduce tbc sclf-capacit.y of multi-la.yered coiis the turns 
are banked as explaincd on page 201. The construction of a banked coil 
prcsents many difficulties to the unskillcd buildcr and hcncc he is apt 
to resort to the mo1·e rea.dily constructcd single layer solenoìd. 

The f ormcr chief objections to inulti-laycrcd coils as regards losses, 
etc., bave been clone a.way wit.h in thc Dcforest cellular coil . In addition 
the honeycomb inductance provides a notoriously small coil even for the 
longest waves. 

Fig. 208 ·will gtvo tbc roader an idea of the asse1nbled coil and also 
a special mounting which has been devised so that three coils may be 
used as a receiving coupler f or damp~d or unda.1nped v.rave reception. 
Representative circuits for tiheir use ·will follow. It is to be noted that 
the coils are of fixed inductance and \vave length varìation is secured by 
either a shunt or a series condenser. 

F1·om the tablc Fìg. 208a the a1nateur is enablecl to select coils 
suitable for the range of the \vave lengths ·which he desires to cover. 

The cxperimenter n1ay devise numerous circuits for either the t~~lo ... 
coil or thrcc-coil mounting. Fig. 209a is a regenerative "tickler" cir­
cuit to ·which tbc honeycomb coìls are ad1nìrably adapted. Coil L-1 is 
the primary \Vhich is shuntcd by thc varia.ble condenser C-1, L-2 is the 
secondary shunted by C-2. The tickler coil L-3 is connectcd in series 
with the plate circuit. The standard three-coil mounting pcrinits the 
coupling betwcen L-1 and L-2, and bet"1een L-2 and L·3 to be readìly· 
changed. · 

For best results the tickler L-3 should have from 35% to 753 of the 
inductance of L-2. The variable condcnser C-4 (in dotted lines) may 
be shunted around B alone or around B and P. . 

The proper coils for definite ranges of wave length 1vith any circuit 
can be selected from the foregoing t.able and t.he table follo\ving. For 
reception from high po·wcr stations operating bet·ween 8,000 and 15,000 
metcrs, 'vith an antenna of 0.001 mfd. the coil in the table markcd L-600 
has about the correct inductance for the prhnary L-1 of Fìg. 209a. 
Either L-750 or L-1000 is about l'ight for thc sccondary L-2, and L-300, 
L-400 t or L-500, f pr the ti ckler coil L-3. 

To ascertain the size of an antenna coil fora definite range of wave 
lengths, the amatcur may first ineasure the capacitance of bis antenna 
according to tho process described on pages 169to173. He n1ay then select 
a suitable loading inductance f or any wave length from thc f oregoing table, 

using the relati on À = 59 .6 -V L C or L = 355~~ C ~ In these f ormulae 

L is expressed in ccntimeters and C in 1nicrofarads. The formula.e, 
for all practiJal purposes, apply to the antenna circuit as well as to the 
closed circuit. 1 

If desired the identical coih can be uscd f or the primary and secondary. 
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If by this selection thc pri1nary proves too large for rcsona.nce \vith a gìven 
trans1nitter, the \~ave length can be lowercd by a series variablc con­
denser. The best method is to connect a S\vitch in the circuit so that 
t.he condenser C-1 can be placed either in scries or in shunt \vith the 
prirnary L-1. 

In the 1nodified circuit Fig. 209b, L-1 and L-2 are used a.s a vario­
meter and the antenna "rave length is varicd by changing their mutuai 
inductivc rela tion. \Vhen the coils are close together and the current 
circulatos through them in opposite dircctions their total self-inductìon 
\vili be a 1ninì111um. If the connections to onc coil are reversed their self .. 
induction 'vill b~ a nla.xì1num. \Vhen the coils are placed at any anglo 
the inductancc of the vario1neter varies accordingly. "fhis differential 
mounting of thc coils plus the frequency variation afforded by the shunt 
condenser C-1 gives a considerable range of wavc lengths. 

The secondary èÌrcuìt of Fig. 209b is thc ultra-a·udìon circuit~ The 
terminals of the sccondary tuning coil are connoctcd to the grid and plate 
of thc l\farconì V. T. i·ather than to the gri d and fila1nent. For 2500 
meter reception, L-3 may be the coil marked L-300 far a shunt condenser 
of 0.0005 mfd., and L-1 and L-2 may each be thc coil mm~kcd L-100 or 
L-150. L-I and L-2 cach has less inductance than L-3, for thc tnaxi­
mum inductance 'of L-1 and L-2 ·used in this \vay is vcry much greater 
than that of ci ther coil alone. 

Fig. 209c is a simple detection circuit in ·which the honeycomb coils 
L-1 and L-2, are used aga.in as a variometer. 1\ single coil, 'vith a series 
antenna condenser 'vill suffice for so1ne rangcs of \vave length. 

Fig. 209d is the Stern's circuit which has been shown before. The 
coils L-1 and L-2 are used as an antenna variometer. For very long 
\Vaves cach may be the coil rnarked L-1000. For long \vave reception 
\vith very small aerìals, the coils L-1500 or L-1250 should be used. 

MAACO_N, V.T. : 

a == --
--. 

Fta. 209e. Differcntìal circuit for intcrforencc prcvention utilfaing throc honcycomh colla. 
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Fig. 209e is a differcntiaJ cìrcuit for interference prevention 'vhich ha.s 
been found of sorne value. For moderate '\\~ave lengths, coils L-1, L-2 
and L-3 may be identica.I. Thc primarìcs should at lcast have the samc 
inductance. The cxpcrimcnter can effcct numerous other combinatìons 

It is not difficult. for the experimenter t.o select the propcr secondary 
coil for any range of wave lengths as aU the necessary data appears in 
the forcgoing table; but, he ahould use \Visdom in selecting the prhnary 
coil as is sho\vn in the f ollo,ving brìef discussion. 

Assume, as an illustration, tbat with an inductively coupled set the 
maximum v~·avc lcngth desiced is 15,000 meters: Coil L-750 "'ill be 
sat.isfactory for the secondary, alt.hough ifa secondary condenscr srnaller 
than 0.001 mfd_ be availa.ble, roi1 L-1000 or L-1250 should be used. To 
·point out the possibility of error in the selection of a prirnary coil 
a.ssurne tha.t L-750 has been selcctcd : If the capacìty of the amateu1·'s 
aerial is 0.001 mfd. the shortest possible wave length in the antenna circitit 
uithout a seri es condenser \Vi th this coil 1vill be 15, 000 rneters. In tha t 
case it "ro~1ld be preferable to selcct a sn1aller coil f 01· the primary, say 
L -600 or one even smaller, so that a shunt primary condense1· may be 
used for tuning purposes. Consideration of the facts prescnted in the 
chapter on receiver design will sho·w the amateur ho-w to make the neces­
sary computations for these eircuits and enablc him to select the correct 
coil for any conditions of service. 

The table following, Fig. 209/, will be of part.icular interest to the 
amateur.. I t shows the proper coils for the circuit of Fig. 209a, to cover 
all existing wave lengths. The capacitance of thc antenna is assumed 
to bo 0.0006 infd. the capacìtance of the primary condenser 0.001 infd . 
and of tho sccondary condenser 0.0005 mfd. 

TABLE XV 

Number of coil 

Type of Slgnals Wa.ve Lengtbs Primary Secondary Tickler 
Co il Coil Coil 

Amateur • ...• •• .... . _ . . . . . 140- 240 L- 25 L- 25 L-35 

Commercia! . . . .. . . . . . . .... { 550- '700 L- '75 L- 100 L-50 ot L- 75 
900- 1400 L- 100 L- 150 L- 75 or L-100 

Arlington Time Signals ... . . 1650- 2750 L - 300 Jr .300 L-100 

High Power •.... •... . • . . , { 8000-15000 L- 600 L- 750 L-300. or L-400t or L-500 
10000-20000 L--1000 L-1250 L-3~ or L-400, or L-500 

F1a. 209f. Giving the eatidogue number of honeycomb coils for use in the circuit of Fig. 209s for de.finite 
r&nges <:>f wave length. 

ROTARY CONDENSER-The n1ethod devised by the author 
utilizes a specially constructed rotary condenser mounted on the shaft 
of a small d.c. or a.e. rnotor. The condenser should be designed to thro-w 
the cHcuits in and out of resonance, say 350 to 600 times per second. 

Connected in tho circuit of Fig. 210a, the rotary condenser functìons 
as f ollows: "\Vhen the condense1" C-2 passes through the value of capacity 
necessary to establish ·resonance, currents flo'v through the rectifier D 
and the head te]ephonc P. 'Vhcn the concienscr passes through valucs 
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of capacity off resona.nce the amplitude of the currents in the detector 
circuit is dccreasc>d. Hcnce the telephone is energized periodically at 
an audible frcqucncy ~ which is det.ermined by thc number of resonance 
points passed per second. 

A 

D 
)i 

.e 

Fio . 210a. A rotary condcnscr uscd as a dcteetor of undamped osciUntions as first cmphyed by the 
autbor. 

In practicc, the rotary condenser is shunted by a 8'1nall stationary 
variable condenser. Thc capacity of the latter is adjusted near to reson .... 
ance and the rot.ary condenser \vill give the required increase of capacity 
to establish resonance. * The corrcct proportions between the t'\vo 
capacitics are found by trial. 

'fhc condenser C-2 rnust be insulated f rom the ~haft of the driving 
mo tor and the mo tor encloscd in a metal box grounded to earth, f or 
other,~ìsc inductive interfcrencc \Vill be obtained in the head telephoncs. 

A 

+ --------

P-l P-~ 

F1a. 210b. Amplifìcation circuit for the rotary oondenser dcvised by the nuthor. 

Fig. 210b shows one circuit devised by the author using a 2-electrodc 
and a 3-elcctrode valve for detection a.nd amplification. The 2-electrode 
valve rectifies the groups of radio frequcncy currents \v~ich are prqduced 

*Tbc atationary condcnscr may be set for resonance s.nd the rot.a tin$ condenser employod to throw 
the eir~uit o~t of rc.sonancc a t an audible frequencr. 
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by the rotating condenser and audio frequcncy voltages are therefore 
impressed across P, and transf erred to S af ter \vhich thcy are amplificd 
by the 3-clectrode valve. The batterics B-2 and B-3 are employed to 
adjust the grid potential and plate voltage of the 3-electrode and 2-elec­
trode valve, respcctively, f or maxin1u1n amplificatidn. 

3'00-6000 SU.M. 
A..e. ot o.e. 

-
Frn . 210e. Showing the co1lstruct!on of a rotsry condenscr suitable for undamped w~ve reception. 
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Fig. 210c is a suggcsted plan of construction for the rotary condenscr 
and Fig. 21 Od a detail o~ the mo tor shaft mounting. Two stat ionary 
condenser plates connected in parallcl are arrangcd at 8 points around a 
circle and inounted on a fibre base. They are connected t ogether ·with 
a \VÌre leading to a binding post for connection to one terminal of thc 
secondary of the tuning circuit. The ro tor I?., consist ing of t\vo plates 
of substa.ntìally the san1e dimensions as the stationary plates, is mounted 
on the shaft of the motor by the slecve S. Conta.et with tbc rotor is 
made by the screw poìnt R1 which engagcs the eP-~ ·:>f the rotor shaft. 
Iè 1 is supported by the brass binding post B-1 and the stationary plates 
by the fibre base and support B (see side vie-w) . The ren1aining details 
are left to the builder. The motor should rotate at least 4000 r. p. m .. 

, . 

, "'.'" ROlOR PLA'Tf !> 

l"' tLAMP 5CREW. 

\ 

tlETAtl OF SH Al='T AND RO'TOR 
MOUW1\NG 

Frn. 210d. Deta.ìla of t be rotor ahn.ft and elamps. 

Because of the high speed of the rotor the construction 'should be 
rigid. Tbe plates on the rotor sl1ould by no roeans be soldered t.o the 
sleeve S. Thcy are preferably clampcd bet·ween t'vo rings as shown in 
the detail Fig. 210d. An iDBulating coupling bet\veen the motor and 
the rotary condenser is sho~vn at H, Fìg. 210c. 

The preliminary adjustment is less difficult if one variable condenser 
is connected in series with the rotary condenser a.nd a.nother in shunt. 
This permits a closer regulation of the varia.tion of capacity around the 
point of rcsonance than can be obtained by the rotary condcnscr· alone. 

A rota1·y condense1· of modified construction is sho\vn in Fig. 210e 
and it will be seen from this that the construction is similar to a rotary 
spark gap. The rotor B is a solid brass casting. The face of the tips 
of both the stationary electrodes A and the rotating elcctrodes on Bare 
about 1" square. They should not be separated more than 0.01 ''. Tbc 
disc must be insulated from the motor shaft. The maximum capacitance 
between a.Il opposing surfaces is about 20 inmfds. which gives sufficient 
variation around the poìnt of re$onançe to make undamped signals audib}ç. 
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Frn. 210e. A rots.ry condenser of modified c'es:ign. 

The design shown in Fig. 210e is substantially the author's idea as 
worked out by the U. S. Navy and uscd on their radio compass sets. 
As used by the1n it is called atone condenser but it is e1nployed as sho,vn 
in the author's origina} patent specification.. The rotor is mounted on 
a jack shaft having a variable speed pulley which in turn is belted to 
another variable speed pulley which is drivcn by a motor through a 
flexìble cable such as used on speedometers. There are tcn opposing 
surfaces and the rotor is driven 6000 r .p.m . . The use of this condenser 
is absolutely essential in undampcd wave reception at short \vave lengths 
bctween 50 and 400 meters where the heterodyne ordinarily would bè 
employed. The opcrat1on of the beat receiver at very high frequencies 
is attended by great difficulties for the slightest change of capacitance in 
the circuits will throw the beat note beyond the limits of audibility. In 
the rotary condenser mcthod the incoming oscillations are modulated at 
an audible frequency, mechanically, n1aking reception independent of 
any slight changes of frcqucncy. For short ':\'ave lengths a capacity 
variation of 20 micromicrofarads is sufficient to produce signals, but for 
the longcr \vavcs used by high po,ver stations a rotary condenser of 
highcr capacity such as shO'wn in Fig .. 210c is essontial. The design in 
Fig. 210e is appropria.te for undamped reception a.t 200 rneters, using, 
say, a vacuun1 tu be transmitter. 
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CHAPTER IX 

UNDAMPED WAVE TRANSMITTERS-WIRELESS 
TELEPH.ONE TRANSMITTERS-MODULA­

TION CIRCUITS-COMBINED DAMPED 
AND UNDA1\1PED WAVE BULB SETS 

' The p1~inciple of the vacuum tube generator has been explaincd in 
connection with the heterodyne receiver. The fundamental circuits of a 
tube g~nerator are shown in Fig. 211. Any variation of voltage at the 
B battery will cause the circuit L-2, C to oscillate at a radio frequency 
governed by the product of L-2, C. L-1 is then subjected to radio fre­
quency potentials which vary tbc grid potential and a1nplify the plato 
oscillations. This process will continuo as long as conditions in the circuit 
remain constant. It sometirr1es aids in securing stable oscillation to piace 
one of the taps so that it \Vill include a few turns of L-1. 

The purposc of the grid condenser in thìs cìrcuìt is to maintain the · 
gridata favorable negative potential, tbc magnitude of which is governed 
by the variable re8istance leaJr R. Values between 15,000 and 25,000 
ohms will be suitable for thc avcrage valve~ 

It should no\1 be clear that if the condenser C be replaced by an aerial 
and earth "~ire, radio frequency currents \Vill flo,v in the antenna system, 
and the tube may be used for the transmission of telegraphic and tele­
phonic signals. 

For telephony the antenna oscillations are modulated by a microphone. 
For te"legraphy by damped oscillations, the antenna oscillations are modu­
lated at audible frequencies by a buzzer \vhich may be connected in the 
carth .lead. For telegraphy by undarnped oscillations, a key may be placed 
in the earth lcad or in shunt to a fe,v turns of wire connected in the earth 
lea.d. Signaling is then effectcd by varying the wave length as in are 
systems. . 
_ A tube generator constructed in accordance with the diagram in 
Fig .. 211 will be found extremely useful around the laboratory as a 
source of steady oscillations of any desired frequency for ineasuring pur­
poses or for beat reception. (Note also the slightly inodified circuit, Fig. 
218.) 

A single Marconi V. T. * operating on 20 to 80 volts plate battery is 
suitable for work \vhich requires small amounts of energy, as in radio 
receiving investigations 1 or for the production of local oscillations in the 
external heterodyne systen1. For use in calibration 'vork whcre sufficient 

•use Class II tubes for tbia work. I 

262 f 
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energy is required to actuat.e a thermo-couple and a rcflecting galvan-
01neter, three tu bes in parallel, operating on about 500 volts plate battcry 
are desirable. As an indicator in such l\'ork, a heatcr type thermo-couple 
galvanometer of about 1 ohm heater resistancc with refiecting galvan­
on1ctcr of about 12 ohn1s rcsistancc (and a 4 to 5 second pcriod) are rec­
ommcndcd. 

' Tcry accurate radio n1easure1nents can be carricd on 'vith such an 
outfit. 'Vhcrc it is dcsired to actuate a portablc instru1ncnt such as a 
hot \vire 1nillia1n1neter or a \Veston thcrniogal vanometer, four tu bes in 
parallel and plate voltage of about 200 are rccotnrnended. 

... --"T--., . . , 
\ I , 

\ I I 
\ ~ I I • 
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l 
t 

• , 
I 

' 

~-------·· -... __ -..----~~------L---r-_J 
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Frn. 211. A :Marconi V. T. connected up for the product.ion of radio frequency oscillations for meaaurement 
purposcs or for othcr u.ses a round the labotatory. · 

AMATEUR WIRELESS TELEPHONE TRANSMITTER-A radio­
phone set designed for use ·with an antenna of about 0.0004 mfd. and 
utilizing three Maréoni V. T .'sjn parallel is sho'\vn in Fig. 212. Although 
thrcc tubcs in parallel are indicated it is possiblc to use onc or t\vo 
tubes in the same circuit as 'veli. This circuit is perhaps thc most­
cfficient one that can be devised f or thc l\·Iarconi V. T. for transmission 
at short wave lengths. The a.matcur cxperimenter can easily construct 
all of the componcnt parts. His chief difficulty will be to obtain the 
necessary plate voltage. • 

In the diagra1n, G is a d.c. gencrator of from 100 to 600 volts. Three 
hundred volts is a good· working value for atnateur transmission but 
increased antenna current \vill be obtained with higher plate volta.ges. 
The generato1· G is shunted by thc condcnser C-3 of onc mfd. capacitance, 
\vhich tends to s1nooth out thc commutator ripple of the gcnerator. T\vo 
standard two mfd. tclephone condensers connected in series will prove 
satisf actory. 

1'he condcnser C-1 connected in series with the earth lead and the 
grid condenser C-2 each bave a capacitance of 0.0003 mfd. Either mica 
or air condensers may be eiuployed. For condensers with air spacings 
bet'?.-~een plates there should be a separation of ~" between the plates 
to prevent sparking. Thc leak Ra should havc rcsistance of approxin1ately 
12,000 ohms. A wire rcsistancc unìt of this type may be purcha.sed 
from thc Ward-Leonard Company. Carbon rods are not very suitable 
for this purposc as thcy bave a tcndency to vary thcir resistance. 

Continuing the dcscription of tho circuit, 111 is a standard low resist­
ance rnicrophone such as uscd in \virc telephony, \vhich is shunted by coil 
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PLATE C\RCUrT 
INO\JtiANCE, ! 

I 'l2 
~ .. 

, _____ .... 
s 

ANTENNA 
.-1NDUt TANCE 

Fw. 212 . Wire)eas telephol?e transmitter designed for use of the ?-.·forconi V. T. and t.o be opera.ted at 
the w.ave 1ength of 200 meter.s. Ranges up to 50 mi1ea a.re obtaìnable wìth a detector and tw<rstagc 
.amplifier a.t tbe receiving station. (Note.-Tbe positive aide of the .4. battery should be grounded 
to earth.) .. 

. ~ 

L-3 consìsting of 10 turns of No. 18 bare wire, wound on a tubo 211 in 
diameter. The turns are spaced y~ ''. The function of the coil L-3 is 
to shunt a portìon of the antenna current around the microphone as it 
is not necessary to pass the entìre current through it. 

For telegraphic transmission by undamped 'vaves a key may be 
placed directly in seri es ~vi th the antenna circui t. Far da1n ped wa ve 
transmission, S\vitch S is thrown to the right, connecting the brea.ker 
contacts of the buzzer B in series with the antenna circuìt. If the 
buzzer interrupts the antenna currents 500 times per second, 500 group& 
of dam ped wa.ves will be radia ted f rom the antenna. This makes the set 
of inore practical use for conununiéation, which by this arrangement can\ 
be established with l'eceiving st.ations fittcd "\vith detectors 1vhich are only ~ , 
suitable for the reception of damped waves. · 

The coils of the transformer L-1 and Lr2, 'vhich are in variable 
inductive relation, have bcen dcsigned to ''a.dapt'' the antenna circuit 
to the output circuit of the tubes, thus giving the maximum degree of 
e.fficiency. Maximu1n antenna current \Vili be obta.ined for some definite 
cou pling w hich may be f ound by tria.I . 

The coil Irl is wound with 20 turns of No. 18 annunciator wire 
on a cardboard tube 57~" in diameter and it is tapped every sccond 
turn. Coil L-2 is wound \vith 60 turns of No. 18 annunciator wire on 
a tube 5 '' in diameter. 1.faximum antenna ~urrcnt is usually f oun<l 
'vìth the coil L-2 placed insìde of L .. 1, i.e., with close coupling. 
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The pref erred process of tuning this set is to vary the turns on L-1 
until the desired 'va ve length is obtained. Then adjust the coupling 
bet,veen L-1 and L·-2 until maximum antenna current is obtained, as 
notcd by the a.erial ammenter A-1. The ineter should ha ve a rnaximum 
scale reading of l a1n pere. A sim ple hot wire ammcter will do, bu t a 
thermo-couple type of ammeter is preferred. As a prelhninary test of 
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FIG. 213. Showing the antenna currents to be e:a:pected from. the set in Fig. 212 with antennae of aeveral 
capacìtiea a.nd reaì.etancelj. 

the ability of the transmitter 1 ·to observe when good modulation is ob­
tained, a receiving set may be set up within a few feet of the transmitter. 
At the wave length of 200 meters fifty miles can be covcred in favorable 
ldcations .. 

·~· The àntenna currents to be cxpected \Vith aerials having capacitances 
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bet,:vccn 0.0002 a.nd 0.0005 mfd. and antenna rcsistances of 4, 8, and 12 
ohms a.re shown in the curvcs of Fig. 213. lt \Vili be notcd that ·with a 
platc voitage of 37 5 volts and an antenna of 4 ohms, the a .. ntenna current 
is about 0.65 ampere . 

. The data for these curvcs \Vas obtained with the microphone short­
circuìted and they in reality indicate the currents available for telegraphy. 
Bccause of the resistance of the microphone (10 ohms) some\vhat lo\ver 
currents are obtained \vhcn it is connected in thc circuit. " . - . 

The plate current for three tubcs at 300 volts lìcs bct,veen 20 and 
30 inilliamperes. 1,he power in the plate circuit is therefore approxi­
mately 300 X 0.025 = 7 .5 \vatts. The fila.ment current is 3 X 0.8 = 2.4 
:ampcres. 

If this three-bulb transmitter be used in conncct.ion with the thrcc­
bulb cascadc a.mplifier of Fig. 183, the telegraph range ·will be 100 n1ilcs 
and the tclcphonic range about 50 rniles. Greatcr distances will probably 
be covered under favorable condìtìons. 

Flash light batteries are reco1nmended as a source of plate voltage 
'vhen the l\1arconi V. T. is used as an oscillat.ion detector. rfhcy are also 
suitable when the tube is used as a low po,ver generator for heterodyne 
reception. These bat terìes can be purchased in 25 volt units. The cells 
should be placed 1vell separa.ted from ono another in a moisture proof con­
tainer. It is a good plan to purchase fairly large size flash light batteries 
a.nd place thcm in a 'vooden. box ·well separated from one another. Af olten 
pa.1·~ffene should then. be poured into the box to covcr the cells completcly. 
Leads may be brought from each cell to a set of binding posts on thc top 
of the box. These posts should be mountcd on porcelain knobs to insurc 
against sul'face leakage. \Vhen a pa.rticular celi dies ìts terrninals ca.n 
bo short circuited, per1nitting the use of the remainder of the cells. 

Ba.tterics are suìtable as a source of platc c.m.f. in transmitting sets, 
but in the long run it ·will probably be chcaper to make up a motor gen­
crator set for this purpose. A simple and inexpensive means to obtain 
a source of plate voltage is by driving a small 22(}..volt d.c. moto1w with 
?i h.p .. motor, such as the amatcur uses to driye rotary spark gaps. 
The n1otor is, of course,, used as a generator, and if the spccd is incrcascd 
above normal 300 volts inay be readily obtained. If a source of 220 
volts d.c. is available it will be found quite suitable both for the filament 
a.ud far the plate voltage. Thc filarnent circuit should have a. resistance 
in serics of sufficient valuc to reduce the fila1nent currcnt to nor1nal value. 
Caution should · be exercised in handling a circuit of this kind. Since 
the potenti al of the generator is 300 volts, a f alal shock may be obtained. 

The advantagc of the tube transmittcr over the spark tra.nsmitter is 
as follo\ivs; Forccd to use the wavc lcngth of 200 meters, \Vith spark 
transmitters, the a.1nateur is compe11ed. to adopt circuit constants to which 
spark transrnitters do not readily lcnd themselyes. Thc. bulb sets, hovl­
ever, "'~ilI work efficiently at wavc lengths even belo\v 50 1ncters. 

During the \Var considerable transmission "\Vas ca.rricd on "'~ith waves 
of the order of 50 to 150 rneters. ''' ith the comparative absence of static 

. interference on these short wave lengths a.nd 'vith tube tranR1nitters and 
amplifying receivers a new field for investigation in wireless transmission 
is opened up to the experimenter who has a scicntific turn of mind. Tht 
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results obt aincd ·with such trans1nitters should be recorded and published 
in 1nagazines for the benefit of other experirncnters. 

COMBINED TRANSMITTING AND RECEIVING RADIO 
TELEPHONE SET.- As already suggested, the cascadc amplifying set 
of Fig. 183 ma.y be combined with the three-bulh transrnitter of Fig. 
212 to makc a complete radiophone. \Vhen separate bulbs are used for 
tbc transmittcr and receiver a si1nple sing}c .. bladc, double-throw antenna 
switch or a do'Uble-contact strap key will suffice to change fron1 transn1itting 
to rccciving. The saine bulbs may, however, be used for cither purpose. 
This den1ands a complicated change-over s·witch \Vhich \Vill transfer thc 
bulbs frorn one circuit to the other. 

TRAN~MLT 

+ 

• 
• 

-
REC E.lVf. 

e~ . 
I 

PHONE.~ 

""A~(ON\ \/ t 
~ t'(,t.t~O .. 

4 '>/. ••• 

1~-----
Fro. 214. A dtcuit cotnbining the eascude amplifier of Fig. 183 ?.'itb the tra.n.smìtter drcuits of Fig. 212. 

The same bulbs nre used for transmi.ssion and reception. 

The essential connections of such a switch to co1nbine the circuits of 
Figs. 183 and 212 are shown in Fig. 214. A 14 ... bla.dc double-throw 
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s\vitch is required. \Vhcn this is thro:wn to the right the detector and 
t\vo-step an1plifier circuit of Fig. 183 i·esults; ·when thro\vn to the left 
the transmitter circuits of Fig. 212 result. · The notations in Fig. 214 
correspond to those in Figs. 183 and 212. 

It is even necessary to transfer the grid leaks. Thus 'vhen receiving, 
the tw·o lo\ver right h~.nd blades of the switch connect the grid leaks of 
the t·wo amplificr bulbs to ea.rth. \Vhen trans1nitting, thcse leaks a.re 
ren1oved frotn the circuit as the leakage for all tubes is provided by tbc 
10,000 ohm 1eak R-3 sho\vn in the uppcr lcft hand part of the drawing. 

It was not thought that a S'\vitch of this typc \vould be adopted. Thc 
ingcnious and resourcef ul experirncnter \vill design sorne form of a rotary 
switch provid1ng a more rapid change from the transmitting to receivìng 
positions than that which the co1n1non d.p.d,t. switch affords. .. 

If the experi1nenter has not the tools or ma.tcrials \Vith ·which to cou-
struct a S\Vitch of that type he can purchase 7, d.p.d.t. switches for the 
purpose. He should rcmount them in such a 1vay that a small thro·w of 
the lcver will permit thc use of either circuit. The base of this S'witch 
1nust be made of extremcly good insulating niaterial to insu1·e against 
su1jace leakage. 

If the entire set is mounted on a pa.nc1 the 1eads connecting the various 
instrurnents should not be bunchcd but kept fairly '\vell scpa.ratcd. 

I t is aJar 1nore pra.ctical scheme to provide thrce bulbs for the trans­
mitter and three. for the receiver. The chief trouble \vhich may be inet 
with in the circuit of Fig. 214, is the fouling of the switch contacts. 
A ·well built switch ·with positive contacts n1ust be provided. 

A scrviceable S\vit.ch f or shifting these connect1ons would be one of 
the magneti e type fi tted \vit h platinum contacts like those used on 
switches in telephone work. The thro\V of the arma.ture nccd be no 1nore 
tha.n ~" to }1 11

• The s\vitch could be operated by a push butt.on a.nd 
a small battery providing a very rapid shift of circuits. 

MODIFIED RADIO TELEPHONE TRANSMITTER.-The circuit 
of Fig~ 215 is substantially a duplicate of that cmploycd by the U. S. 
army in the European war. I t \Vili give good results \VÌ th sn1all tu 'bes 
of high vacu u1n. The first tu be ~ar ked V. T. No. 1 is the oscilla tor 
which is connccted up regcneratively f or the production of radio fre­
quency currents. The second tube marked V. T. No. 2.is termed the 
modulator. This · amplifies the speech currents genera ted by the micro­
p honc ~f and modulates the plate cùrrent of the oscillator bulb at speech 
frequencies. L-l is a direct coupled oscillation transformer fitted 1vith 
prhnary and secorida.ry taps for tuning'" purposes. C-3 is the plate 
blocking oondcnser to keep thè high voltage of the generator ·off the 
antenna circuit. Its capacity is about 0.01 infd. although 0.1 mfd. has 
been used. C-2 is the grid condcnscr ""hich, because of rectification 
betwcen the grid and fìlament, 1nainta.ins a negative potential on the grid. 
The magnitude of the grid potential is limited by the leak R which varies 
fro1n 10,000 to 20,000 ohms. C-1 is a coupling condenser of the rotary 
plate type \Vith sufficient spacing bet\veen plates to prevent sparking. 
lts inaximum capacitance need not cxcced 0.002 mfd. L-2 is a radio 
frequency choke of about 13 inillihcnrics, which prevents the radio 
frequency oscillations flowing through t:he d.c~ gencrator. 
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The seri es p1ate choke L-3 varies f rom 3 ~ to 15 henries, dcpending 
.upon the type of tube cmployed. Din1ensions for L-3 will be given 
later. P-1, S-l is a telephonc induction coil of either the open or closed 
core type. For expcrimental work one of the typc uscd commonly in 
land linc telcphony is serviceable. B is a 4 to 6 volt microphone bat­
tcry. The microphone is one of the type used in ·wire telephony. 

C-4 is a shunt protective condenscr of 0.1 mfd; capa.citance. B-1 is 
a grid battery to hold the grid of thc n1odulator bulb at a nega.tive poten­
t.ial. The required negative potcntial can be obtained by tapping a 
resistance connccted in thc nega.ti ve sidc of the linc lea.ding f ron1 the 
generator. 

p 
C:; 

C:z VT N~' 

' R. 

HARD ~ 

lt-----"---1--1-1111111--t 
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FIG. 215. Circuits of a radio tetephone transmittcr whereìn one bulb is used as the "oscillator" and the 
other bulb as tho "modula.tor." Thi~ aystern hn~ been used extcnsivcly by the· U. S. Government.. 

For tra.nsmissiòn at amatcur \vave lengths thc antenna coupling coil 
L-l may be wound on a cardboard tube (previously soaked in inolten 
paraffine) 5'' in diameter. Th~ coil consists of 40 t-urns of No. 18 an­
nunciator 'vire or an equivalent Litzendraht conductor. The antenna 
side of the coil should be tapped every third turn aftcr the 20th turn 
from the bottom. The primary side (the right hand tap) should be 
tappcd cvcry 2 or 3 turns f or about 25 turns. Bulbs having 4-volt 
filaments operate satisfactorily in this circuit. The voltage of the gcn­
erator G may be anything from 220 to 600 volts depending upon thc 
'' hardncss'' of the bul bs. 

The circuit functions as follows: When both bulbs are lit to incan· 
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descence and the pla.te current is turncd on thc greatcr amount of cur­
rent fiows from the platc to the filamcnt of the oscìllator bulb. The platc 
circuit of the modulator bulb is in parallel with the oscillator, but its 
grid is held at some negative potential by the grid battery B-1. 

Whcn the microphone is spoken into, alternating currents of specch 
frequcncy flow in the secondary S-1, varying tbc charge on the grid G-2. 
This, in turn, va.ries the plate to filament currcnt in the modulator bulb. 
An increase of current through the modulator bulb causes a decrcase in 
the plate current of tbc oscillator bulb and vice versa. These variations 
occur at spccch frcqucncics causing the amplitudes of t.he antenna oscil­
lations to be modulated at the sarne frequencìes. 

The adjustment of a set like this is not difficult. First, turn out the 
filament of the inodulator bulb, set the genera.tor in operation, and vary 
the antenna i nd uctance wi th the primat"y tap set at so1ne point. Change 
the inductancc at P untìl maximum antenna current is obtained. 
Then, vary the resistance of the grid leak bctween 10,000 and 20,000 
ohms. Now, lìght the filament of the modulator tube and then re-tune 
the platc and antenna circuì ts f or inaximum curr~nt. N ext, adj ust the 
potential of B-1, and adjust the tap on potentiometer P (400 ohn1s). 
Speak into thc microphone M trying various grid potentials. Have an 
observer listen in on a rcceiving set to note \vhen the best adjustments 
are secured. 

It may· be 'vell to vary t.he potential of the n1icrophone battery B. 
\\Tb.en the corrcct adjustments are once found thcy are not difficult to 
nlaintain. 

o.e. ~OURC.E. 
---. 

Fm. 216. Circuita of a vacuum tube genera.tor suita.ble far radio tclcgraphy n.nd telephony . Dkect 
coupling between the plate and grid circuits i.s sbown. • 

In regard to the choke L-3: Its dimensions vary somcwhat 'vith 
tubes of different charactcristics. One that has been found suitable for 
use with tra.nsmitting tubcs has the following dimensions. The core is 
lU" x 1%'' x 8)/8" and is covered, first, with a sheet of 10 mil ropetag 

I 
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paper, thcn \vit.h a layer of 10 inil einpire cloth, and finally ·with another 
layer of ropctag pa.per. Paper insulation of 5 inils is placcd between 
layers of thc \Vinding. The total \vinding consists of 8450 turns of No. 
29 enan1el wirc, and there are approxi1nately 615 turns per layer .. 

The core is n1ade of strips of iron I% of an inch \vide, By2 '' long and 
14 mils in thickness. About 62 pìcccs -will be rcquired to 1nake a core 
of thc dimcnsions given abovc. Thc rcsistancc of this coil is 150 ohrns 
and its reactance about 11,000 ohms at the frequency of 500 cycles. 
Thc circuit of Fig .. 215 is suita.ble for bulbs of grcater po·wer, but the same 
numbcr of b;ulbs a.re required for the modulator circuit as for the oscil­
lating circuit. 

O C. PLAlE SOU~CE 
Frn. 217. The ci.rcuit of Fig. 216 using inductivc coupling between the valve and antenna. circuits. 

O .C. ~OUR.C.t. 
FlG. 218. Vacuum tuba oscillator for use in experimentaJ work. Dy var.ving the induc~tance of the eoil 

a.nd tho capaeity of the shunt oonde:o.ser C-1 uscills.tions of any desired frequenc~r may be obtaincd. 

Additional valve transmitting circuits of practical hnpoiiance are 
sho\vn in Figs. 216 to 218. In Fig. 216 the so uree of platc e.m .f. ìs con­
nected in series \Vith the plate circuit 'vhereas, in Fig. 215 the tenninals 
of the plate circuit generator go dircct to the plate and filament. 
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Thc antenna circuit in Fig. 216 is tappcd off the coil L by taps D and 
E. Taps A, Band C permit the tnost favorable coupling far maximum 
antenna current. Fig. 217 is the same circuit with inductivc coupling. 

Fig. 218 sho\vs thc circuits of a good laboratory oscillator ·which 1nay 
be designed to genera.te currents of any frequency. In practicc it ·will 
be found that the oscillations ccase \vhen the capacity of C-1 fora given 
inductance is increa.sed beyond some value. It is then necessary to 
sclect a larger value of induct.ance in order to maintain oscillation~and 
this explains thc use of taps D and E. 

ANTE~N A .. VARIA~lE GRU> lEAK AN'l'tllN,\ f.A'il'TR 
P~~T { \0.000 l0'2Q000 OHM5 /tNDUClAt-lU 5W. _./-> •. ?O!>T 

i 
&JNOJNG POST 
FOR !>TQRA6E &AT. 

,, 
F1G. 219. Panel wìreless telephone set usìng the circuita 1>f Fìg. 212. 

f 
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\Vith the 1\1arconi V. T. a grid condenser and a grid leak should be 
used. 'Vith thìs circuit a small ammeter 'vith a maximum scale of 0.5 
to 1 ampere should be connected in· seri es ~Ti th C-1 to de termine the 
strength of the oscillations. C-1 has capacitance of 0.0005 to 0.001 mfd. 
For itvave lengths up to 2500 meters, thc coil in Fig. 218 may cop.sist of 
a single layer of No. 26 s.c.c. \vound on a tube 4" long 1 4" in diameter. 
The '\vinding space is 3~" \Vith 175 turns. A proportionately greater 
number of turns must be provided for longcr wave lengths. The capac­
itance of C-4 is 1 mfd. 

. 1p • PO!Nl SW f(ll 1.. 1 

\O TAP~ 
j 
f 

'MARCONt 'lt 

S·f D!Al.I. f lONG ZO 
'TUR.N!> N! l& AN· 
t\UNC\A1'01l W\sti 
~ . . 
i 5 rn••.t 4 lO~G 60 
: TUR.14~ t't \& AN· 
~U»GAiOll W\~l 

' ' 

FIG. 220. Side view of the panel set of Fìg. 219. 

PANEL RADIO TELEPHONE SET.-A suggested plan of panel 
trans1nitter· using three 11arconi V. T. 's in accordance with the circui t of 
Fig. 212, is shown in Figs. 219 and 220. The former is a front view, the 
latter a side view. It is possible to vary these approximate overall dì­
mensions for the panel ~vithout sacrifice of efficiency.. The position of 
the instrumcnts may be changed to suit the builder.. The panel board 
should be of some first class insulating material such as bakelite, dilecto 
or transi te aabestos wood. 
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The insulatjng tubes or forms for the oscillation transformer should 
be .made of bakelì te or so1ne sì1nilar insulating m.a terial, bu t card board 
tubes soaked in molten pa1:affine will do as \\7ell. rrhe rod which varies 
the transformer couplìng should not be of metal but of some insulating 
materiai such as hard rubber. 

The Marconi ''. T. 's are mounted on the front of the pancl so that 
the fila1nent temperature can be judged by sight, if.an ammeter is lacldng. 
The inductance variati on switch on thc top of the panel has 1 O taps lcading 
to every second turn of t.he antenna coil S\vitch S-1 is thc gcncrator 
switch a.nd across it there is a 1 mfd. condcnscr for smoothing out the 
commutator ripplc of thc gcncrator. S-2 ìs a sinall 10-arnpere switch to 
break the fil amen t circui t. The grid leak at the top of the panel is au 
adjustable \Vard-Leonard resistance 10,000 to 20,000 oh1ns. The micro­
phone A-1 is a common 10-ohin telephone transmitter. The buzze1~ B, for 
telegraphy by damped oscilla.tions, is mounted on the lower right band 
pa1·t of the panel with tbc key to the left. The buzzcr battcry is in a 
box behind the panel. The 10-ohm rheostat R-2 is not required if the 
fila1nent battery e.1n.f. does not excccd 4 volts. The condensers C-1 
and C-2 are of fixed capacitance. Thcy may be made· of sheets of copper 
foil separateci by sheets of mica and thcir capacity may be calculated by 
the formula on page 45. Air condcnscrs can be uscd if the plates a.re 
scpa1·atcd by Ys ,, . T\vo binding posts for thc acrial and ground are 
inounted on top of the panel. 

The connecting wires on the panel should not be bunched but spaced 
as far apart as possible. Particular a.ttcntion should be paid to the 
connections. Use copper lugs and solder the wires "rherever possible. 

As was statcd on pagc 266 the set should be tuned \vith the mìcrophone 
on short circuit. A S\vitch, which is not shown on the panel, can be 
shunted a.round it. When transmitting by dainped oscillations "rith the 
buzzcr, do not use too much battery on the buzzer; usually one cell is suffi­
cicnt.- The current f or the buzzer inay be taken frorn the fila1ncnt battery .. 
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Fxo. 221. Circuìts using a specht.l alternating-current transformér and two Tungar rec~Uiers to suppi)' 
the p1ate a.nq filam~:qt C1Jl'rents of l\ va.cuu~ tubo ~ewctoi- ~et , . - · 
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HOW TO OPERATE VACUUM TUBES FROM ALTERNATING 
CURRENT.-The method \Yas fi1·st discloscd by \V. C. 'Vhite (G. E. 
Co.). An adaption of his circuit suitablc for transmitting and receiving 
bulbs is shown in Fig. 221. 1..,he plate current is supplied by two Tun­
gar rectifiers R connected in the sccondaries of a closed core trans­
fonner, of ·which the primary is fcd by 110 volts a.e. Both halves of a 
cycle are utiiized by this arrangemc11t giving a fairly smooth plate cur­
rent. The condenser C-4 of from 2 to 6 n1f ds. capacitance somev1lhat 
compensates for the voltage fluctuations. 

The transformer is provided with 3 secondaries. T ·wo of thcsc (S-1 
and S-2, S-3) light tbc valve filaments. The other secondary, S-4, S-5, 
provides the ree tifi ed a.e. f or the plate circuit. 

Thc filamcnt of the detection tube is shunted by a 20 ohm rheostat 
R-1 '\Vith a i:;liding contact. The variations of the potential gradient 'vhich 
\.vould other\vise exist between the crrid and filarncnt, are rcduced by 
propcrly locating the slider. Then the charact.cristic ''hum" of the alter­
na tor is rcduced almost to complete silence. 

Note that secondary S-2, S-3 is tappcd at the center; as is also sec­
ondary S-4, S-5. The formcr providcs 4-6 volts for the rectifier fila1nents 
and the latter 20-60 volts for thc platc circuit. 

The di1nensions of the transf orn1cr core to secure step-do~vn trans­
f ormation may be calculatcd by thc proccss outlined on pages 65 to 69. 
Thc descri ption of a transf or1ner of suita b le din1cnsions f ollo\vs. The 
core is 1~'' square (in cross-scction) . The insidc dimcnsions are 431" 
x 6 '', the outside dimensions 7,72" x 9 ". 1..,hc primary is 'vot~nd \Vith 
355 turns of No. 16 d.c.c. Thc sçcondary S-1 has 20 turns of No. 16 
d.c.c. The seconda.ry S-2, S-3 has 40 turns of No. 16 d .e.e., with the 
"rinding tapped in the n1iddlc. Sccondary S-4, S-5 has 300 turns of 
No. 24 d.c.c . .tapped a.t the center. R-4 is a IO-ohm rheostat. The 
core of t.he transfonner is> of course, laminateci. Thc various sccondaries 
are not nccessarily placed on one end of the core but thcy may be dis­
tribu tcd over the three sides of it. 

Bcfore using this transformer the buildcr should test the voltagcs of 
t.he secondaries with a volt.rnetcr·. If the voltage of a.ny particular sec­
tion is too lo\v 1 hc should add more turns; if too high un\vind a fc\V 
turns. If taps a.re brought from the secondaries, the nunl.ber of turns for 
a given voltage n1ay be found by trial. 

Three-electrodc tubes with their grids connected to the filament or 
two-electrode tubes of the requisite current carrying capacity, may be 
substitutcd for the G. E .. Tungar rectifiers R. 

· "HARD" AND "SOFT" BULBS.-1..,hesc terms are used to dis­
tinguish bui bs '\Vi th high vacuurn f rom those of low vacu um. Hard bul bs 
\Vili not ionize (give the characteristic blue glo\v) at very high voltages .. 
Soft bulbs \vill ionize at lo-w voltages. Soft bulbs are suitable as detector$ 
while hard bulbs a.re prefcrable as amplificrs and oscillators. Soft bulbs 
"\vill gi ve oscilla tions but their output is very limi tcd. The power in the 
plate circuit cannot exceed I X E. Hence 1 the highcr E is without 
ionization, the ·greater the out.put. · 

Soft bulbs 'viU often give better responsc as oscillation detectors than 
h~rd l)qlbs~ Soft bulbs may be used in c+iscade amplification çircu..it~ if 
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the primary and secondary of the inter-valve transformers are variable. 
A fe,v t1·ial cxper1ments ·will show the amateur how to obtain good signals 
with soft bulbs .. 

MODULATION OF ANTENNA CURRENTS IN RADIO TELEPH­
ONY.~The subject of modulation of radio frequency currents in radio 
telephony has been mentioned in several places. In radio t.elephony the 
amplitudes of the antenna oscillations 1nust be varicd at the speech fre­
quencies of t he hu1nan voice and pa1·ticular care must be taken to design 
thc apparat us so that these effects a.re obtained \vithout distortion. 

There are t\VO general systems of modulation that may be appliéd to 
vacuum valve circuits. In onc system a shunt C'ircuit, \vhich absorbs 
energy according to the impulses of the voice, is connected around son1e 
portion of the circuit in 'vhich radio frequency currents are flowing. In 
the other system a si1nilar circuit and apparatus is connected in series 
with the source of oscillations. 
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Frn . 221a. l]]ustr~ting the principles of a shunt modulation circuìt in. wireless telephony. 

' 

In the first method sho"'n in Fig. 221a, assu1ne t.hat the load A is con ... 
nectcd to a d.c. dynamo and a large inductance L is placed in the supply 
line. This inductancc '\vill tcnd to keep the current in thc supply n1ains 
constant throughout a.ny series of rapid changes of the resistance of the 
load. Closing thc switch affords a path B around ~4 a.nd for an instant the 
current in A is decreased. The current in the hne, however, \vill soon rcad­
just itself t.o conf onu 'vith that required by the- ne\v lo ad. If the switch 
is opencd and closed r~1pidly and the inducta.nce L is relatively largc, the 
current in A, a.nd (if \Ve assume the resistance of A is constant) the voltage 
across A 'vill follo,v the variations of thc shunt 1·esistance B. This effect 
is an1 plified by the reactance vol tage of the coil L w hich adds to or de­
crcases the potential a.cross A (depending on \vhether the load Bis dis­
connected or connected). It is clear that the loa.d B and the switch 
can be replaced by any varìable resistance such as a carbon grain tclephone 
transn1itter, and that the source A can be an oscillating valve circtùt 
supplied \vit h energy fro1n the d.c. gcnerator G. The condition necessary 
for ·satisfactory operation is that thc energy taken from thc source be 
kept constant. As an antenna circuit energized by coupling to an oscil­
lating circuit receives p1·actically a constant an1ount of energy, a rapidly 
varying resistance shunted around a.ny portion of thi$ circuit will modulate 
the c\irren t in tha t portion , ~ 
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A circuit using this method of modulation (Fig. 221a) \Vas u.:cd on 
\vireless telephoncs supplicd to the Army and Kavy u.nd is sho\vn funda-
1ncntally in Fig. 215. 

For greater po\ver sevcral valves may be connected in parallel \Vith 
each of the valvcs sho\vn in this circuit. For the best operation thcre 
should be as many valvcs in thc n1odulator circujt as in the oscillating 
circuit. It is ncccssary to put a grid battery in the 1nodulator circuit 
in order that thc valve will operate on the linear portion of the char­
acteristic curve. 

In t he circuit, Fig. 215, the inductance coil L-2 is just large cnough 
to keep the high frequency currents frorn surging through the modulator 
system and through t.he generator, for t.he inductancc coil L-3 rnay often 
bave enough distributed capacit.ancc to allo\v a cons1dcraLlc amount of 
thc high frcqucncy cncrgy to pass through thc genera tor. The coil L-2 
\vhich offsets the possibilit.y of this may bave an inductancc of 6 to 13 
rr1illihenries. 

In thc second system of n1odulation the modulat.or (either a simplc 
transmittcr, or else a t.hrcc-clcct.rode valve or magnetic ainplifier to 
increase thc cffect of a telcphonc trans1ni t.t.er) is connected in series \Vi th 
t.he circuìt. The circuit shown on page 264, Fig. 212, 1nakes use of thi~ 
principle. 

A carbon grain transmitter can be connected almost a.nywhcre in an 
oscillating valve circuit vvith sorne degree of inodulation. rrhe optimuin 
position ·will depend upon the resist.ance change ratio, that is _the ratio 
between the Jninimu1n and 1naxirnu1n resistances of the trans1nitter, and 
upon the type of cìrcuit used. Thc cxperilnenter should try inserting 
the transn1itter in the antenna circuit, in the fila1nent circuit, and in 
ser1es with the grid circuit and determine the optirnun1 position by listen­
ing in a t a receiving set placed a short distance a 'vay . 

. C;• ..... == 
lf--...v\/1IN\/\J 

-lllll·-----~-~1111.,__, 

Fl:G. 221b. Illustrating the principles of m<>d.ul!ition dreuit in wirclesa te{ephony connected in the grid 
cìrcuìt of a tube gcnerat-Or. 

Many wireless telephoncs operate with the transmitter connected in 
series in some part of the gdd circuit of the oscillator valve. A circuit 
or this type is sho\Vll in Fig. 22lb.t which '\Vas used by the Deforest Co. 
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and has the adva.ntage t~hat only ono bulb is necessary. However in a 
circuit of this kind considerablc difficulty may be experienced in getting 
the valve to oscillate and modulate properly. By cxpcrimentìng with a 
grid condensers of various capacit.ies, and \vith diffcrent values of the 
resistance R the cqrrect. values may be f ound f or any type of vacuu1n 
valve. 

I t is hn pra.ctìcal wi th any syste1n of modula ti on using V. T. oscilla tors 
t.o securc 100% modulation for that \vould stop oscillation. It gcnerally 
rcquires a bou t 5 3 of thc total cu;rren t to ma in t.ain oscilla tions. I t is 
rarcly possible to securc 95% modulation \Vith any modulation circuit 
system except possibly the circuit sho,vn in Fig. 215. 

It is \vell to remen1ber that it is only the modulated co1nponent of 
the e1nitted wave that is effective in wireless telephony. Thus a. syste1n 
putting 50 \Vatts into the antenna \Vith 203 of the energy modulated 
\vould be no more cffcctivc than a 10 .. watt set co1npletely modulatcd. 
This explains t.he state1nent ina.de concerning the modulation systen1 of 
Fìg. 215, viz, that as many vacuu1n tubes are rcquired in the modulation 
system as are in the oscillating systcm. 

In any systom the modulat.or bulb should operate on the straight 
portion of the characteristic curve. If the grid potentìal fiuctuatcs too 
much so as to reach a value below or above the bends in the charactcristic 
curve inaccurate speech l'eproduction result.s. 
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Fra. 221c. Plnn s.nd side viewa of tbc vs.l've adfJpter manufactured by the l"vfarconi Company for use with 
the l\.:! arco ni V. T. 

It is desirable to spcak into the transmitter in such a way that the 
breath docs not strike thc diaphragm. The sound waves only are neces-
sary to vibrate the dia phragm. ' 

Several transmitters may be connectcd in pa.rallel far higher powers 
provided they are all of the same type. If one should happcn to carry a 
little more than its share of current it will become heated and its resist-
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ance will be lO'wered. It ·will then take cven a greater portion of the 
current and ~,.ill soon become in operative. The n1icrophones should be 
arranged on a stand so that the voice strikes cach equally. 

' 

MARCONI V. T. ADAPTER, GRID CONDENSER AND GRID 
LEAKS.-In many instances in this volun1e the circuit diagra1ns for the 
lVlarconi \T. T. call for t.hc use of several valves. I t is a genuine con­
venience to possess a valve adapter having t.hree bti.lbs and the requisite 
grid condcnsers, grid Icaks and coupling re istances mounted 'vith appro-
priate binding posts for immcdjatc connection. . . . . 

Such an arrangcmcnt pern1its thc use of any k1nd of a c1rcu1t to ·wh1ch 
the 1\farconi V. T·.'s are adapted. 

FrG. 221d. .Marconi thtc-c-valve adapter in pcrspective. 

Fig. 221c is a plan view of the three-valve mounting manufactured .by 
the l\Iarconi Company. Four binding posts f or connection to the grid 
plate àind filament tenninals are mounted around the base of cach valve. 
A grid condenser (\vhich has the same dimensions and the same appearancc 
as a grid leak), a grid leak and coupling res_ist.ance are inountcd immedi­
ately in front of each valve. A special filament ?·heostat is mounted in 
the base of each socket f or varia tion of the filamcnt tempera ture. The 
facility ·with which the connections can be changed with a.n adapter of 
this type need~ no further en1phasis. 

Figs. 184, 185, 186, 212, 214, 221, 222, 256 are circuits and apparatus 
to whìch the Marconi valve mountings are admirably adaptcd. For long 
distance reception with the loop circuits of Fig. 2fi6, two of these threc 
valve mountings sliould be uscd providing a six-stage amplifi.er. With 
the grid leaks, condensers and coupling resistances already in place ìt 
is but a matter of a f ew moments to connect them up in any way desired . . 

., ' 
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1"he three-valve base may, for example, be mountcd on the top of n, 
· cn..binet receiver. Thc first valve inay be used \Vith a rcgenerativc coupler 
as a detector , and thc sccond an(~ third bulbs as audio frcquency ainplifiers. 

lt is to be noted that the grid condensers in Fig. ' . 221c and d have the 
same dìrncnsions as the grid lcaks. 'rhcsc condcnsers may be purchased 
ready for use in capacities frotn 0.0001 to 0.005 1nfd. 1.,he grid leaks 
are supplied in resistances froin 200,000 to 5,000,000 ohms (5 1negoh1ns). 

In most of the resistance coupled a1nplifier circuits herctofore sho\vn, 
the coupling resìstances were of 2 inegohn1s but a.s \Vill be noted from thc 
curve of Fig .. 178 good amplifications can be secured with other valves 
of resistance. Ta.ke as an illustration an 8-stage resistancc coupled 
amplificr in \Vhich the first three valves are used as radio frcquency arnpli­
fiers, thc fourth valve as a detector a.nd the remaining four as audio 
frequency a1nplificrs; thc follo\ving valucs of rcsistancc bave been found 
suitable for1naximu1n tnagnification. Valves 1and2, 2 and 3, a.nd3 and 
4, should b<3 coupled through l\.farconi resist.a.nccs of 500,000 òh1ns each, 
but valvcs 4 and 5 and all re1naining valves should be couplcd by resist­
ances of 2 mcgohms each. In a circuit of this type the Marconi valve 
adapters \Vill be f ound extremely usefuL * 

I 

~be three-v·alve ada.pter is not yet on the market. but a single v&lv~ a.dapt.er is now available and 
is of courae more ftexihie for comple~ circuits than that described. 
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CHAPTER X 

CABINET RECEIVERS AND ACCESSORIES 

G ENERAL.-A f cw dcsigns given by amateur exp~rimentcrs \vill be 
sho\vn. 'Ilic arrangen1ent of the appa.ratus of a receiving set is unim­
portant as long as the interna} connections are not bunched. The expcri­
n1cntcr must bear in mind that tw·o parallel le::-t.ds frorn a tuning coi1 may 
add a very considerable capacity to the circuit, and the mutua.I eff ccts 
bct·ween parallel wires n1a.y in soine instances reduce the sifJ'nals. It is 
'\veli to keep the leads as far apart as possible. Regenerative coupling 
may be obtained in a receiver cabinet 'vit.h the \vires of the grid and plate 
circuits separated a çouple of feet. 

A panel or cabinet receiver adds not.hing to the electrical efficiency of 
a set, CXCCpt that it Ìs lnanipu}ated '\Vith }c.ss diffieulty than thc isolateci 
instrument type. The saving of space may be an argurncnt in favor of 
the cabinet receiver ... 

CABINET RECEIVER FOR THE MARCONI V. T_'s.~'1'hc design in 
Fig. 222 i~ offered a.s a, suggestion. The cabinet includes thc componcnt 
parts of the wiring dìagran1 Fig .. 223 "\vhich indicates a short wa:ve (200 
1nctcr) rccciver a.nd" three 1lf arconi V. T. 's .in cascade. Thc first bulb is 
used as a detector bulb and the ncxt t·wo as a·mplifiers. The detector cir­
cuits are the same as those of .Fig. 183, except for the addition of thc 
20,000 oh1n gra.phite potentiometer P-1. 

l'-1, Fig. 223, is the antenna variometer and V-2 the sccondary 
variometer. They are identica} in construction. Thc outer cylindcrs 
of the. varion1ct.crs are 4Y2" in diamctcr, 131'' long, and ·wound full ·with 
No. 26 s.c.c. The inner cylindcrs are 4" in diamctcr, 1).1" long and 
wound full \vith No. 26 s.c.c. c ... 1 is a standard 21 plato variable con-·,( 
denseroranyothervariµ,blc condenscr of about the same rangcof capacity .. 
The capaçity of C-3 is 0.0001 mfd.; that of C-4, 0.005 nifd. R, R, R, are 
2 mogohm grid leaks and R-1 is a coupling resistance. The potential of 

· B is 80 vo1ts.. Class II J\farconi V. 1,. 's should be used \vith this circuit. 
T.B.c three :Th-1arconi V. l'.'s in Fig. 222 are inountcd on the top of tho 

cabinet. The t·wo varion1eters are located inside of the cabinet, and are 
controllcd by knobs on the outside. The IO-ohm filament rhcostat is 
mountcd bclow the variable coupling condenser C-1. The plate batte~'Y 
potcntiomctcr is placcd on the right side. If the A battery has a potcn­
t.ial of 4 volts and the B battery of 80 volts the potention1etcr and tho 
rhcostat n1ay be ornitted. The grid condensers C-4 are mountcd at 
convcnient points insidc the cabinet, a.s shown. The grid leaks are 
preferably placcd on the front of tbc panel \vhere they can be readily 
temovcd. Appropriate scales foT· the variablc condenser and the vario ... 

281 
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1neters are n1ounted on the front of the panel. The cabinet is approxi­
rnatcly 13~" long, 7 11 high a.ud 7 '' deep. The B battery is placcd bchind 
thc right band varìo1neter. 

This detector set ,vfll be found partìcu1arly useful in connection ·with 
the short ·wave wireless telephone tube transmitier of Figs. 219 and 220. 
The complete set ,~.,.in permit conversation up to 50 miles . 
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FIG. 223. Wiring diagram of the cabinet set in Fig. 222. 
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FJa. 224. Rear view of a. commercial type of receiving tUt;i.er ahowing the internal construction and 
particulady the mounting of the tuning tra.D.8former and the primary a.nd secondary condensers, 

COMMERCIAL PRACTICE.-Fig. 224 is in reality arear vicw of thc 
Marconi type 106 tuner, published to give the beginner an idea of thc 
inner cabinet consti11ctìon of comrnercial tuners. The secondary coil of 
the coupler is inounted on a gear rack n1ovìng in a metal guido. A lai~ge 
gear controlled by a knob on the front of the panel operates the éoupling 
mechanism. The "tens'' and "units" s·witches are placed on the pancl 
in front of the transformer prìmary. Since thc rotary plates of tbc 
variable condenscrs lie in a horizontal posi ti on thcy must be balanced 
by weights in ordcr to hold their position at any particular sctting. 
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.. .. ,. 
I 

--- ------+---- t o· ~- --,.-----~--
- -- 5" - + - - ... , -

-------- ____ I ·..--- z,. ---- -- - --
-FRONT ELEV ATiON ...... 

FIG. 225. Plan. vìcw of a cabìttet designed by ~n amateur • 

.... 
AMATEUR PRACTICE.-A panel set designed by A. C .. BurrO'\vay 

of Ohio sho,vs the cxcellent workmahship of so1ne amateur designs. Fig. 
225 is a plan vie·w, Fìg. 226 .a. side vie·w, and Fìg. 227 a partial circuit 
diagram, \vhich can be worked out to completion by studying the dia­
grams a.lready given. The valve inounting is for ·an old ti1ne audion 
but a l\1arconi V. T. mounting may be substituted. A pcrìkon detector 
is mountcd alongside of the valve ~ll1ich is to be used in event the valve 
gocs out of comrnission. 

IY ~~----

Suzç ,EJ,t:VATION - (END PANEL REMOV_~.0.1 

Fm. 226. Side view of the cabinet set <>f Fig. 225. 
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The function of the various S\vitchcs and knobs are clcarly marked 
on the diagra1n. The method of varying the coupling by a bell-crank 
and lever deserves particula.r attention. The voltage of the B battery 
is controlled by a multi-point S\vitch. 

A 

LC 

j 
G e 

--· 
FlG. 227. · Circuit diagr8.ln for tbe cabinet set of Fig. 225. 

The aerial ·tuning inductance is 4~'' x 6 11 wound with 200 turns of 
No. 26 B. & S. The primary coil has the sa.me diniensions wound '\Vith 
210 turns of No. 26 B. & S. The secondary coil is 3%;" x 6" \Vound 
'\Vi th No. 30 B. & S. 1.,hc t uner " rill be f ound suitable f or the use of 
crystal ~ectifiers at \vave lengths up to 3500 n1eters and 'vìth valves up 
to 2500 meters. - ~ .. 

~ 

·-
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liherutot lor A' I 11!OrA2 

· Flo. 228. Cal:inet receiver for use wit.h a valve detector and two sta"e runplificr .. 

.0003 .0001 .0001 

l.C = Logd1iJg co1l._, P• Primaru., S• Secondar!/~ L::: /ndvdonc-e 
. .R = R!Jeasta:r'I 11. Y. • lligh roh'age .. L. V.· lbw roltag~~ r~ Pbones 

C; c-1, c-~~c-.s> e_ .. , CondenserJ 
Fio. 229. Circu.it for the cabinc:t :5et of Fìg. 228. 

Chas. Doty of N cw York has sho\vn the design of Fig. 228 which uses 
three valves connectcd in cascade: The circuit and the èabinet can be 
adapted to the l\1arconi V. T . The primary of the coupler is stationary 
wi th the secondary sl iding in and out as shown. L and L-1 are sccondary 
loading coils 1nounted on the top. . 

The circuit is sho·w·n in Fig. 229" P is t" x 12 11 wound with No. 28 
s.s.c. S is 6 11 x 12" wound with No. 30 s.s.c. L and L-1 are 4" x 30~ 
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tvound w-ith No. 30 s.s .c. L-3 and L-4 a.re the secondaries of Y2" spark 
coils. J\1r. Doty used 3 high volt.ago batteries hut as the preceding 
diagrams dcrnonstratc, onc battcry n1ay be used as wcll. Thc inductance 
L-1 may bo 01ni tted. · 

R. Hoa.glund is responsible for the set in Fig. 230 and the construct.ion 
is sclf-cxplanatory. The tuner "~as dcsigncd for crystal rectifiers a.nel has 
inductanccs of thc correct dimensions to rcspond to 2500 meters. The 

Fm. 230. Cabinet receiver for TeC()ption at wave Jengths up to 2500 met.ers • 

_ __._ 

-.... ----·--

Fto. 231 . Design of a shnple "loose coup)er'' f or short wave reception. 
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prÌlnary and secondary variablc condcnscrs are n1ounted to the top of 
thc cabinet and the coupler irn1nediately undcrneath. 

Fig. 231 sho\VS a ·good design for a simple ''loose" coupler. The pri­
mary is spli t in to three sections to cover 200, 600 and 1000 mcters. Tho 
secondary has a 3-point switch to cover the same range of '\vave lengths. 
Tbc secondary has 266 turns of No. 30 s.s.c., ·with ta.ps taken at 60, 180, 
and 266 turns respectively. r.rhe requisite turns f or the primary '\Vill 
have to be calculated for each station for thc number varies 'vith dìf­
ferent acrials. The method of computation is explaincd on pages 169 
to 177. 

Secoa.dorg 
/ 

~ : /~j= 6-J2 screw 
~/ 

... 
·..., J" •. 

J ·o·Jt screlY 

Frn. 232. 0 Hi.ngcd" coupier ~uitabie for tt.n:u1teur wave lengths. 

' . . .. _.,-

The hinged coupler in Fig. 232 is suitable for reception at moderate 
wave ]engths. The prima:ry coil is \vound with 100 turns of No. 28 s.s.c. 
and the secondary coil ·with 200 turns of No. 32 s.c.c. Thc p1·imary is 
tapped every 10 turns, the secondary every 20 tùrns. The discs for 
support of the coils are 3~" in diameter, and the groove for the 'vinding 
is 78 1

' wide, % /1 deep~ The S'witches for inductance variation are n1ounted 
directly on the discs. 

' 
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CHAPTER XI 

DESIGN OF WAVEMETERS- TUNING THE AMA­
TEURtS TRANSMITTER-l\1EASURE~1ENTS OF 

INDUCTANCE, CAPACITANCE AND HIGH 
FREQUENCY RESIST ANCE-GENERAL 

RADIO ~1EASUREIVIENTS 

GENERAL.-Thefrequcncy of an oscillation circuit n1ay be calculated 

from the relation n = ~ , where L is thc inductance in henries, and 
27r LC, 

C the capacitance in farads. Hence, ·whcn 've bave a coil L shunted 
by a. variable condenscr C, and a calibrat.ion curve for the condenser is 
provided, v.re may determine the frequency of the circuìt for each setting 
of the condenser. 

Knowing the frequency the equivalent wave ·length is equal to 

300 000 000 . 
f ' . ' . The scale of the condenser may then be marked in wave 
rcquency · 

lengths rathcr than in the corresponding frequencics. 

-A- -6-
Fm. 233. A, .eimple oscillatìon cìrcuit which w hen caJibrated may be used a.~ a wavcmeter. B, wavemete-r 

cìrcuìt uaing a crystat ~ctificr and head telephone for locating ?~r:lonance. 

Any oscillation circuit likc that of Fig. 233 may be convertcd into a 
wave1nete1·. I t is only ncccssary to determine the . equivalent wave length 
of the circuit f or various settings of the variable condenser. The rcsults 

689 
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may be put in a table or plotted as a curve for future rcfercncc. Assume 
that as in Fig. 233 the capacitance of the condenser C a.t various settings 
varies from 0.0001 to 0.0005 n1fd., and the inductance of the coil L is 
90,000 c1ns. The 'vavc length for 0.0001 mfd. in shunt may be found 
from the f ollO"wÌng: 

• 

>. = 59.6 ...; L C 

or 
}. = 59.6 ;,/ 90,000X0.0001 =178 meters. 

The wave lengths for the other settings are as follows: 

0.0002 =252 meters 
0.0003 =309 H 

o .0004 = 357 " 
o .0005 = 400 " 

If the amateur can purchase a calibrated vari ab le condenser \Vi th the 
ca.pacity given for severa! settings of the scale he inay compute the 
din1ensìons of a suitable inductance from formula (40) page 54 and use 
thc formula above for computing the wave length. 

Such a \Vavemeter will prove to be faìrly accurate if the necessary 
computations are ca1·efully carricd out. A 'vavemeter of the range com­
pu ted a bo ve will be sa tisf a e tory f or t uning the ama teur transmitter bu t 
one of considerably greater range will be required for calibration in 
receiving work .. 

USES OF THE WAVEMETER.- The "''-a.ven1eter is not only useful 
for tuning a trans1nitting set but for carrying out inany other radio fre­
quency ineasurements. They are enumerated belo~v. 

(1) Measurement of wave length 
(2) " " frequency 
(3) " " decrement 
(4) · " " inductance 
(5) a " capadtance 
(6) " '' mutuai inductance 
(7) " " coeffìcient of coupling 
(8) " " distributed capacitance of coils ',,.._ 

Thcse va.rious applications of the 'vavemeter \VÌll be treated in the 
f ollo\ving par agra phs. 

RESONANCE INDICATORS.- \Ve n~ay expect from the discuss1on 
on l'eactance and its eff ccts in Chaptcr III that the current in a ·wavcmcter 
circuìt reaches its n1a.ximum a1nplitude \Vhcn resonance is established '\vith 
the circuit under n1easurement. Similarly, the potential difference across 

·the terminals of the condenser C, Fig. 253a; attains a maximum at reson­
ance. The fact that resonance ha.s been obtained may be determined by 
.either a ''current" or " voltage11 indicator conncctcd in the wavemeter 
circuit. For current·indications, a inilliamme;t.er- · O to 2001nìllia1nperes­
is placed jn eerie~ with the w~vemeter cirC1Jit ~t A-1 jn Fìrr. 233, For 
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some 1ncasurcments a '~cu1·rent squ.are" meter, that is, one in which 
the scale clivisions are proportional to 12, is prefcrred. 

K To indicate a volt ag e 
maxirnum across the con~ 

.. L1 

'NA.'JEMe1tl\ 
UNDtR. 
0.Uf)R/1.1\0" 

F!G. 23,L Sìmple mcthotl of calibrating n wu.vcmetcr 
from a standard . 

denser C, in circuit B Fig. 
233, it is shunt.ed by a car.: 
borund un1 rcctifier D wi th a 
head telephone in series.. If 
the decrement of the circuit 
under test is relatively sn1all 
the current maximum as 
rcad by obscrvation of A-1 
or heard in the tclephone P, 
'\Vili be sharply defined f or 
any small movement of the 
variable condenser. T h e 
detector D is used '\vhen the 
source of oscillations is weak. 

\Vith strong oscillations, the "currcnt square" meter inay be used.* 

CALIBRATION OF A WAVEMETER FROM A STANDARD.---­
A hon1e-made rneter can be calibrated fron1 a standard 'va.vemeter as in 
Fig. 234. L C is the standard wavemeter, excited by a buzzer and a 
battery; L-1, C-1 the wave111eter to be calibrated. The detector D, of 
the wave1neter, is connected unilaterally ·although it may be shunted to 
the condenser as in Fig. 233 at B. 

The meter is calibratcd as follo"'~s: Se~ L C at some \Vave length and 
vary the capacitance of C-1 unt.il a sharp n1axirnum is heard in the hcad 
telephone P. The standard and the meter under calibration are then 
set at the san1e "\vave length. Continue to do this throughout the scale 
of C-1 and keep an accurate record of the results. For accuracy use lo\V 
voltages at B, and, to prcvent sparking, shunt the 1nagnets of the buzzer 
by a 1 mfd. condenser.t 

A more accurate method of calibration is shown in Fig. 235. In the 
rnethod of Fig. 234, the added capacity of the buzzer leads will affect 
slightly the calibration of the standard waverneter. This error may be 
eliminateci by ·the circuits and rnethod of Fig. 235. In that figure B 
is a standard wavemeter, C the wa.temete1· to be calibra.ted, and A represen ts 
a condenser and coil of a magnitude pcrmitting rcsonance 'vith B. 

To carry out the calibration, first set B at some wave length, then 
put the buzzcr in operation and vary the capacitance of condenser e 
un til L a is in resonu.nce \Vi th LI' e I as noted in the telephone.. Then 
put wavcmeter C in inductive relation to A and vary condenser C-2 
unti! wavemeter e resonates \VÌth A. The wave length of e is now the 
same as B. The same procedure should be carricd out ovcr the entire 
scale of condenseI; C-2. 

*An e:nnmerntlOn of nll the varh.)US réwnance ind.icatora is given on pagc 18tl of the author'a "Practical 
Wirclci5s Telcgraphy." . · 

tin all radio mea:~mrcm('nt/! whcre the wnvc meter or a resonating circuit is inductively coupled t.o 
the source\ the coupliug should be ftff lqo~ us fa con~ì.:·knt with thc propcr opcration of t.hc cu~n~ ç>r 
YQlt.ase jnQicawr. OnJr in . this war can. accurac;v be obtaiiieg. . 

.· 
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THRee WA v Merf.too 

-WAVe METER 

CA-LIBRATION. -

13. 

FIG. 235. Accurate metbod of ca1ibrating a wavemeter from a standard . 

s, 

L WAV-EMETE.R . . 
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~ ilo. 236. Showing how the natural wave Jen~th of an antenna~ IQeasqred b;y a ~~~~W . 
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TUNING THE AMATEUR'S TRANSMIT'fER.-Tho first mcasurc­
ment is that of the natural wave length of the antenna. To can~y out thc 

l• 

WA.VEMtT~R 

, . 

-

mcas urcrncn t as in Fig. 236 
procecd as f ollo\vs: 

Put a spark gap S-1 in the 
antenna cìrcui t and connect i ts 
terminals to the secondary of 
an induction coil or high voUage 
trans! ormer. First be sure t.ha t 
the detector is adjusted and 
then "i.vith the spark discharg­
ing, vary the capacitance of 
the ·wa vemeter condenser e 
until response is heard in the 
telephone. The wave length 
of the 'vavemeter at the setting 
f 01w resonance is the \va ve length 
of the antenna ci re ui t. 

Assume that the reading 
turns out to be 175 meters, a.nd 
tha t 200 mete rs is desired . 
Then put the sccondary coil of 
the transmitting oscillation 
transf ormcr in the antenna 
circuit, and add turns until the 
wa vcmeter indica tes 200 metcrs. 

The antenna may be excited 
T, by a buzzer as in Fig. 237. 

Fw. 237. Showing how an serial may be set into :rhe coil L-1 in that diagrarn 
osdHation by a simple vibratwg bm1-er. IS the secondary of the trans-

mitting oscillation transformer. 
C-1 is a short wave condenser (if used), and L-2 an aerial tuning co'il. 

CL05t0 ClRCUlT 
.----...... --------..T 

c • 

• 
WAVtMETER. 

· C o 

Fia. 238. ~feasurement of the wave length of the dosed oscillation or spa.tk gap circuit. 
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MEASUREMENT OF THE CLOSED CIRCIDT.- Thc cquivalent 
'va ve length is o btaincd as in Fig, 238. L-1, C-1, S is the s park ga p cìr­
cui t. The coil I.J of thc \vavemeter ìs placed in inductive relatiori to L-1, 
the spark gap energized by tho high voltage transformer, and tho capacit­
ance of condcnser C varied until I·csonance is secured. The wave length 
is read from the ·wavemeter scale. . 

To reduce the wave length, cut out turns at L-1 by the tap Tor reduce 
the capacita.nce of C-1. To inctease the 'll}ave length reverse the process. 

w 

--
FIG. 239. Showing the uso of the wavcmeter ior .meaauring the length of the radillred wave. Thia eircuit 

and arrangement of apparatus is also suita.ble for measuring t.be decrcmcnt of the rudiuted wave. 

MEASUREMENT OF THE RADIATED WAVE.-After tuning thc 
open and closed cìrcuits individually couple thc1n togethcr and vary the 
coupling until thc antenna an1meter A-1, Fig. 239, reads a m.aximum, 
Then place the \vavemeter in inductive relation to theearthlead and tune 
ìt to resona.nce with the sending set. If the spark gap qnenches ,~;cll only 
one sharp maxhnurn will be obscrvcd at the "current square" meter A-2. 
(The rad1atcd wave may be rcad by a head telephone and crystal de­
tector as well.) If the spa.rk~gap does not qucnch propcrly, twomaximurns 
\Vill be observed at .11-2. This indicates that t\vo ·waves are i,adìated, and 
this the law will not perrniL The secondary rnust then be drawn away 
from the primary until the two ·waves merge into one. The circuits of Fig. 
239 are applicable to decrement measureinents as explained on page 301. 

RESONANCE CURVES.-These curves depict tbc rclatìon between 
the antenna current at the resonant wave length and at wave 1engths 
off resonance. They show in a genera} \va.y the ovcr-all distribution of 
energy, and pennit direct calculation of the decrement. The dot and 
dash curve in Fig. 240 sho"rs the rcsults ~f close coupling at the oscillation 
transformer and ìndica.t.es irnperfect quenching of the prirnary oscillations. 
The dotted curve indicatcs the result of the coupling betwecn the closcd 
and open circuits being reduced until better qucnching is secured. Tho 
t"wo wa ves are closer. Thc solid-line curve indica tes go od quenching, as 
the coupling at the oscillation transformer has been reduced until single 
wave emission is .obtained. f 
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FtG. 240. Resonance curves of the antenna oscilla.tiorui in a radio tra.nsmitter showing the e.fiects of ve.rious 
degrees oi quench.ing. "\Vith relatively close oouplings double wave emi!'!Sion occurs. 

w 

WAVcME TtR... 

--
FIO. 241. Circ'l.iit and appara tua for measuring the capacita.nce of a. wi.rcle39 telegraph aeri&l. 

The data for these curves may be secured \Vith the circuit arrange... 
mcnts in Fig. 239. \Vith the spark di~charging at S-1, vary the \vave 
length of ''1avemeter L C at C, around the i·esonance point, and note 
the r~ading of A.-2 f or each. setting of condenser C. The ""ave lengths 
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obtaincd in t.his way are the ordinates of the curve. The a.bscissas are 
the readìngs of the "current square" meter. The curve is made by locat­
ing points on cross-section paper, corresponding to each set of rcadings, 
after \vhich a line is drawn co1nmon to thcm ali. · 

SIMPLE MEASUREMENT OF ANTENNA CAPACITANCE.-An 
approxhna.te measure1nent (Austin) is outlincd in Fig. 241. L is a coil 
that will increase the natural 'vavc length of the antenna 4 or 5 times. e 
is a calibrated variable condenscr and lV a standard \Va ve meter .. 

. First connect L in the a.ntenna circuit, excite the antenna with the 
buzzer, and measure the wa.ve length a.t 1'V. Then take coil L out of thc 
antenna cìrcuìt and shunt it by a standard varia.blc condenscr C. Vary 
C until the 'va ve length of L C is thc samc as before. Thc capacitancc 
of e is now that of the antenna neglccting the distributcd inductance of 
the antenna system. 

li MEASUREMENT OF ANTENNA INDUCTANCE AND CAPACI­
TANCE SIMULTANEOUSLY.~T·wo standard coi1s L-1 and L-2 of dif­
f ercn t val ues aro inscrted successi vcly in the antenna circuit as in Fig. 
242 and the wavc length read for each coil at vV. In the case of L-1, 

• 11 = 59 .6 -.J (Li+ La) Ca 

In the case of L-2, 

Eliminating Ca, 

Where 

X2=59.6 -.J (L~+La) Ca 

>..1 ~wavc length with Li 
X2 = wave length with Li 
La = antenna inductance 
Ca = an tienna capacitance. 

Sin ce -x2, ~ and La are now· kno\vn the antenna capaci tance, 

x22 

Ca= 3552 (L2+La) • 

(66) 

(67) 

(68) 

The measurement is perhaps inorc a~curate if an undamped source 
of oscillatìons such as an oscillating tube is coupled to the antenna, and 
a lo,v-reading am1ncter is placed in scrìes with the antenna circuit. The 
undam pcd so uree is then tuned to the antenna circuì t as o bserved by the 
aerial a.mmeter. Thc ·wavemeter is theh tuned to the undamped source 
,vi t~ thc antenna disconnected. The same procedure is ca1Tied out with 
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the loadings L-1 and L-2. The remainder of the process follows the out­
line above. If the oscillating tube has I ampere in its oscillating circuit 
the antenna ammeter should read from O to 100 milliamperes. This per­
mits f airly loose coupling between the source. and the antenna circuit. 

---tiiiliiiil 6 I --...-11 -

!e • 

WAVEMETE~ 
w 

Fw. 242. Circuit and apparatus for the simultaneous determination of the inductance and capacitance 
of a wireless telegraph aerial . 

( -------------(!) .,J--________ __, 
11 • 

t>ECADE - ~ESlSTANCt'"° ~~ 
~ox -=== --

FIG. 243. Method of measuring antenna resistance. 

THE MEASUREMENT OF ANTENNA RESISTANCE AND 
POWER.-This may be done as in Fig. 243. Risa continuously variable 
resistance (decade box built especially f or this work by the -aeneral Radio 
Company) with a range from O to 20 ohms. A-I is the antenna ammeter. 
With R out of the circuit the antenna current is measured at A-1 -in the 
usual manner-. R is then inserted and varied until A-1 reads one-half 
the former reading; that is 72 I. · Then Ra, the anténna res1stance is 
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equal to R. If R · = 1 O ohms and I = 3 atn peres, then, the an Lenna power 
= /2 R=32X10=90 ·watts. · 

In explanatio11 of this measurc1nent of antenna rcsistance it is obvious 
that an addcd rcsistance cqual to. the antenna resistancc \vill reduce the , 
antenna current to one-half its natural value, provìded t.he resistance does 
not influence the inductance and capacitance of the antenna system .. 

MEASUREMENT OF THE EFFECTIVE INDUCTANCE CAPACI­
TANCE AND RESISTANCE OF AN AERIAL.-The effective values are 
those which, when lu1nped in a series circuit to ·which a givcn e .m.f. is 
applicd, '\Vill give the sarne natural frequency of oscillation and the same 
curren t as a gi ven antenna circui t, \V hcther tbc a pplied e .m ._f. is datn ped 
or undamped. If the effective valucs can be ineasured, an artificial 
a.erial can be constructed ·which \Vill duplicate exactly the actual antenna. 

The 1nethod of rr1easure1nent now to be described 'vas suggested by 
J. R. ìvfiller in B. of S. circular No. 326 (Oct. 23rd, 1918). The circuit 
is sho\>vn in Fig. 244. L-1, C-1 and R-1 are. respectively a variable in~ 
ductance, a variable capacity, and a variable resistance of values some­
whe1·e in the region of those to be expected ·from the practical antennap 
Sv1itch S-1 placcs the antenna coil L-_3 either in series with the a.ntenna 
or in serìes \vith L-1, C-1, R-l.. U is a source of undamped oscillations 
-a Marconi V. T. connected up f or the production of radio frequencies. 
D is a da1nped oscillation spark set, the spark gap having magnesium 
electrodes. S·witch S-2 connects L-2 to eithcr source. 

SPAR.K GEM. L·? ; . -D-

1ueE: GEN. "."u ... 
FIG. 244. Miller's method of measuring the eff ectiv<l inductance, capacitance and tesì.stance of a.n 

a.11 tenna circui t. · 

Thc theory on \vhich this measurement is based will first be given. 
When a source of undamped oscillations in a prjmary circu1t induces 
current in a secondary tuned circuit the current . in the secondary. ior. a 
given e.m.i depends only upoi: the .resistanc~ of the secondary c~rcu1t 
In the case of da1nped oscillat1ons in the pr1mary, the current in the 
secondary for a given e.m.t. and prìmary ~ decrement depends upon the 



.. • 

Radio Measurements 299 

decrcmcn t of the secondary; that is u pan the resistance and the ratio 

~- The higher ihe decrement of the primary circuit relative to the 

decrcmcn t of thc secondary t.he greater is the dependence of the curren t 
in thc sccondary upon its own decrement. 

Ad vantage is taken of these f acts in dctern1ining the effective induct­
ance Le, thc cffcctive capacitance Ce, and the effcctive resistancc R8 

of the antenna systcn1 as in Fig. 244. The procedure is as f ollo\vs: 
The frequency of the undamped source-the tube generator-is tuncd 

to the antenna, and tho circuit L-1, C-1 then tuned to the source. The 
resistance R-1 is then varicd until the ammeter A reads the same in both 
positions of the antenna s\vitch S-1. The resistance of the circuit L-1, 

-C-1 is then equal to tho effcctive resistance of the antenna and L-1, 
C-I=Le Ce (and R-l=Re). 

The damped source-the spar~ gap circuit~is then coupled and tuned 
to the antenna by varying its frequency and noting the rca<ling of thc 
ammeter A. The coil L-3 is then thro\vn to the L-1, C-1 circuit by 
S\Vi tch S-1. If the curren t increases' the value of C-1 is grea tcr than ciJ 
and vice versa. L-1 and C-1 are then varicd, mean,vhilc maintaining 
resona.rice (while R-1 is left unchanged) until the alnrnetcr A rcads the 
same in both positions of the switch S-1. C-1 then =Ce and L-1.= Le~ 

The coil L .. 1 is preferably a varionieter. If the setting of the vario­
meter has to be changed considerably in order to obtain a balance with 
the S\vitch S-1 in the two positions, its resistance inust be taken into 
account and eli1ninated. The resistance of the variometer may be elìn1-
inatcd by shorting it and varying R-1 unti! equal readìngs are obtained 
at A with s\vÌtch S-1 in the two positions, using undarnped oscillations .. 
1.'hen R~ =R-1. Now that L, C and Rare known, the dccrement may 
be calculated from 

1r R ve 
ò= _ 1-

• -v L 

L '6t 

Fia. 245. Metho<l of me~uring capacities at radio frequencies. 

MEASUREMENT OF CAPACITY AT RADIO FREQUENCIES.­
.The circuit is shown in Fig. 245. L C is a wavemeter excitcd by a buzzer 
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B-2. L-I is a variable inductance ,vhich may be shunt.ed either bv 
a calibrated condenscr C-n or by the condenser of unkno".vn capacity C-x. 
D .is a crystal rectifier, and P a head telephonc. 

To carry out the mcasurement proceed as follo,vs: 'Vith the switch 
thrown to c .. x vary the wave length of the ~va vemeter at C until resonancc 
is obtaincd. Thçn thro-w the s\vitch to C-n and vary its capacity until 
.resonancc is again sccured. Then ç-x = C-n. 

If the effcctive capacity of C-x is desired for some othc1· particular frc­
quency, then set C l..1 a t that f requency and vary L .. 1 until L-1, C-x is 
in resona~ce. Then proceed as ab ove. " 

MEASUREMENT OF INDUCTANCE AT RADIO FREQUENCIES. 
-The circuit of Fig. 245 applies a]so to this mcasurernent. To find thc 
inductance of L-1, for example, thrO\V the S\Vitch to C-n and tune Le 
to resonance. N otc the \va ve length of the 'vavemetcr and the capacity 
of C-n. Then 

)\2 

L-l = 3552XC-n (69) . 

MEASUREMENT OF MUTUAL INDUCTANCE AT RADIO 
FREQUENCIES.-Assun1e that the coils L-2 and L-3 in Fig. 246 are 
the primary and secondary of a transrnitting oscillation transforrncr. 
Their mutual inductance may be determined approximately as follo·ws: 
Put jumpers across the posts A. and B, and C and D. Then tune the 

t tt 

A ., C D 

A. • , fl 

.. ' 
I 

Fm. 24.6. ~leasurement of mutuai inductance at 1'r~· frequencies. I 
.I 

r ' + .. .. 
I 

wavemeter L-1, 0-1 to tbe s.park gap circuit L _C ,s._tf ·~()·r_ any sQurce of 
oscillations. Designate ~ the:.· capacity of the wave1nèter condenser C-1 
at rcsonancc as C-2. Then cÒnnect L-2 and L-3 in series and find a ne\v 
value of C-1 for rcsonarlc~ ~na designate ìt as C-3. Then, if the magnetic 
fields of the t'vo coils assist, a value of inductance will be obtained equ1l 
to L-2+L-3+2 M. And·in terms of the 'vavemeter settings, 

- '.. . .. 
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N ext. reverse the connections a.t ei ther C, D, or A, B, and re-tunc the 
\Vavemeter. Lct thc ne'v reading of the condenser C-1 be C-41 then 

( 
C-2 ) L-2+ L--3-2 J.1! = C-4 - 1 l.rl 

If L-5=L-2+L-3+2 1lf, and L-6=L-2+L-3-2 11!, then 

L-5-L-O 
4 

(70) 

\vhere Jf = thc mutuai inductance in rnic!'ohenries or centimeters, accord­
ing to the 'vay L-1 is cxpressed. 

The coefficient of coupling ]{ = .J M . L-2 and L-3 may be meas­
Ù;. La 

ured as in thc preceding para.graph. 

MEASUREMENT OF THE LOGARITHMIC DECREMENT.-
1~ho decremcnt according to U. S. sta.t.ut.e, must not exceed 0.2 per com­
plete cycle. Thc number of oscillations far a given decren1ent, 

where 4.6=loge 100. 
o = decrement. 

M=~ a (71) 

. 46 
Hence, a decre1nent of 0.2 corresponds to 

0
:
2 

= 23 complete oscillations. 

The decrement of the radiated \Vave inay be 1neasured by the circuit 
of Fig. 239. The transmitter is assumed to be tuned for single wave 
emission. If t.\vo \va.ves ·widely separated exist, the mcasurement can be 
a pplicd to cach wa. ve. 

The procedure is as follows: Connect a "current square' 1 meter in 
series ·with tbc \Vavernetcr circuit and place thc \Vave1neter in in_ductive 
relation to the ground lcad of the antenna syste1n. Locate the point of 
resonance on the condenser C and thcn change the coupling between the 
1vave1ncter a.nd the antenna circuit until a. fair de.flection of the meter 
A-2 is obtained. Then incrcase thc capacitancc until A-2 reads one-half 
the value obtained at resona.nce and note the capa.citance of the condenser 
C. Thcn decrcase thc capa.citanco of C to some value below resonance 
wherc A-2 again reads onc-half thc value obta.ined at resonance and again 
no\c the capacitance of C. 'rhe swn of the decren1ent of the circuit under 
'1neasuremcnt and the dccrement of tho \vavemeter is then found from the 
follo\ving formula: 

{72) 

.... 
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where 

01 =deeroment of the radiated wave 
òz = decrement of the wavemetcr 1 
C t = capacit.anoo of wa vemeter condenser above rcsonanc~ where / 2 = 2': J2,. 

. 
. 1 

C 1 = capacita_:i.ce of \Va vemeter condenser below resonance where 12 = 2 I2r 

Suppose, for example, C2=0.003 n1fd., and C1 = 0.0028 mfd., then, 

This is the sun1 of the decrements, and 02 the decrement of the \vaven1eter, 
must be subtracted from 01 + 02 to obtain 01 the dccrcmcnt of the circuit 
under measurement. 

In tcrms of '\vave length, the decrement formula may be written 

(73} 

wherc N-=wave length at resonance 
j\ = wave length bE;lo\v resonance where the current square meter 

reads 72 the defiection a t resonance. 

DETERMINING THE DECREMENT OF THE WAVEMETER.­
Thcre a.re several methods of determining the decrement of the wave­
meter, but the most accurate is tha t sho\vn in Fig. 24 7. The wa ven1eter 
L, C, A-2 is excited by a tube generator like that of Fig .. 218. The fre­
quency of the generating tube ìs varied principally at C-1. The gen­
erating circuìt should be clesigned to cover the i~angc of frequencies of 
the wavemetcr. The procedure is then t.he same as outlined in connection 
\Vith formula (72), the capacity of C being set abovc and below resonance 

at points w here l2 ={- I2r, and where !2, is the current at resona~ce. 
Since the source is undani1)ed, the resulting decrement is ò2, that of the 
wavemeter. The decrement of the '\vavemeter should be thus determined 
at 5 or 10 points on the condenser scale and the results plotted in the 
form of a curve for future reference. Thc dccrement values n1ay be 
marked dìrectly on the condenser scale. 

To summarize thc foregoing, first mcasura the decrement according 
tò (72) and then subtr~ct the decre1nent of the meter as deter1nineà 
a bo ve. The resul t is the decrement of the radiated wave. 

The decrement of the amateur's ti-ansmitwr is minhnized by a goòd 
earth connection, by using antenna wires of low resistance, and by pro-­
viding a spark gap V\rhich gives good quenching. If the gap does not 
quench well thc coupling at the oscillation transformer must be reduced 
until good quenching is secured. 



~adio Measurements 

c. 

FzG. 247. :Mensurement of the deerement of a. wavemeter through the use· of a vacuurn tube gener~tor. 

DIRECT READING DECREMETER.-Direct determinations of the 
decrement can be made by the Kolster decremeter, the theory of w hich 
has been givcn in thc book "Radio Instruments and l\.Ieasurements." 
Any wave meter can be inade a dircct reading decremeter. Consider, 
for example, the decre1nent formula (a formula which does not 'take into 
account the average of the decrements on both sides of the point of 
resonance in a dìstorted curve), 

(74) 

Using the 'thalf deflection" method, it is clear that the decrement for any 
set of conditions corresponds to the displacement of the condenscr's 
moving plates \vhich varies the capacity by the amount Cr-C ~ The dis­
placement of the plates fora given decrerrient will be different for varìous 
values of C.* Therefore at suc?essive points on the condenser scale any 

FtQ. 248. Direet reading decrement ecnle prepa:red by the Bureau of Standatds whieh is applicable to 
any wavemeter having a oondenser of semi-circuls.r plate.e. 

*The total capaciiy in .the eircuit. 
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displacement of the moving plates which changes the square of the reson­

ance current to ~- !2,, means a certain value of 01 + 02·• A special scale 

·· L\D Of CONO 

Fl~ED PLATE 

o 

1-f AIR LINE ON 
·"·· GLA~S WINOOW 

ROl ARY PLATE 

-b 

-. -

FIG. 249. Showing the decrement scale attached to the movable platea of a variable condenser."' 

*The hair line should be placed on the opposite side of the e ndenser scale and in coincidence with 
the zero graduation on the capacity scale. , 
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may, t.herefore, be computed and atta.chcd to any variable condenser 
provided the rela tion between the capacity and the displacement of t.he 
moving plates is kno-wn. Such a scale has been co1nput.ed by the Bureau 
of Standards for any variable condenscr with semi-ci·rcular pla.tes (the 
more corn1non type). This is sho,vn in Fig. 248. The Bureau has shown 
that thc graduations of t.he decrement se.aie of such a condenser vary as 
thc loç1a.rilhm of the anale of rotation. The scale 1nay be placed on the 
unuscd half of t.he condenser top (opposi te t.he condenser scale) or it 
n1ay be attached to the moving plates of the variablc condenser. The 
Jattcr method is sho,vn in Fig. 249. A small glass windo\v "rith a hair 
line in the center is placed on top through vlhich observations of the 
dccrcrnent are rnade. The zero ma.rk on the decrement scale must coin­
cjdc ·with the scale reading for "zero" capacity 1vhen the movabl~ plates 
are positioned for maxin1um capacity. 

rJiillll (@ \~ .. 
' . . . . 
' . 
• • . 
• . . . . · • . . .. . .. . . 

• 

l ERO ON DECREMENl 
SCALE MUST COlNCtOE 

Wl'TH ~80° ON CONO. 
5CALE 

Fio-. 250. Showing the decrement ~sie att!l«:hed oo the cover oi tbe variable condenser of a wavemeter. 

The decrement scale inounted on the unused half of the cover is 
sho\vn in Fig. 250, ·wherc, the zero mark on t.he decrement scale coinc1des 
\vith t.he graduation on thc condenser scale f or 1naximum capacitance. 

To measure the decreincnt \vith this scale proceed as follows: Insert 
a current square meter in scries with the decremeter circuit. Locate 
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resonance and note the rcading of the current squarc meter. Thcn note 
the tabulation on the decrement scale on either side of resonance where 

1 
the meter reads 2 12r. 

The diff erence bet,veen the two readings is then 01 + o2• The decrement 
02 of the wavemeter is determincd as in Fig. 247. If, for example, the read­
ings of the decrement scale on both sides of resonance are0.6 mnd 0.16, then, 

lh +02 =0 .. 16-0.6=0.1 

and, it the decrcment of the decremeter at thc resonance capacity = 
0.033, then 

01 =0.10- .033 ==0.067 

Although this decremen t scale gives accurate readings, f or large 
decrements (fro1n 0 .. 2 to 2.0), it is rather difficult to obtain precision 
a t decre1nen ts belo'v O .15. The au thor finds i t ·wise to use a large band 
glass in order to inagnify the scale at the lo'\vcr divisions .. 

Every arnateur transmitting station should be provided \Vith a de­
cremeter as "With this instrument it is possible to determine the sharpness 
of the 1·adiated wave, and \Yhether or not it comes 'vithin the restrictions 
of thc la\v. · · 

• < 

MARCON1 V.t 

FIG. 251. Circuita fot dewrmining thc rad.io frnqucncy reeistanec of a wavemetor ot a coil. 

Ifa calibrated variable condenser is available, the experimenter 1nay 
predeter1nine thE; dimensions of an inductance fora given range of "rave 
lengths by use of formula (72). He \Vili then posscss a wave1neter \vhich 
if a current measuring instrument be inscrted in the circuit "rill permit 
tuning and <lecrement mea~uremcnts to be carried out. "\Vith the decre­
n1ent fscalc given here it. is not essential to kno'v the v.rave length of the 
rebonating c1rcuit or the capacitance of the variable condenser. As long 
as the condenser has semi-circuJar plates and the inductance llas the 
con~ect dimensions to estal>lish rcsonance with the transmitter, the 
dee ·emcnt can be determined directly as outlined above • 

.f 
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MEASUREMENT OF THE RESISTANCE OF A WAVEMETER 
AND A COIL.-Thc circuit is sho,vn in Fig. 251. L, C, A-1 is a wavemeter 
and L-1 a coil whose resistance is to be measured. Coil L is coupled to 
a vacuum tube generator of variable frequency. A-1 is a.small ammcter 
and R-1 is a standard high frcquency resistance box. The procedure fol­
lo\vs: Cut L-1 out of the circuit and connect together the posts A and 
B. Tune the source until a maximum I is indicated at A-I,* ·~vith R-1 
set a t zero. Then insert some resistance at R-1 , and o bserve tbc corre-­
sponding current [ 1 • Then the resistance of tbe wavemetcr circuit 1 

~= R-1 
I 

- - I 
11 

(75) 

To fìnd the resistance of L-1, cut it in the circuit, retune to resonance 
and mcasure tho rcsistance again. Then subtract the resistanco of the 
\vavcmeter (determined as above) fro1n the value now obtained and the 
resul t will be the resistance of the coil. 

I f a currcn t squa.re meter is used a t A-1, add resistance at R-1 until 
the deflectìon is one-quartcr of tha~ obtained in· tbc first observation. 
1'hen Re= R. 

-

\ 

. Flo .. 252. Me"lStrrement of tho audibilit~r of inoomi.ng signa.ls. 

AUDIBILITY OF INCOMING SIGNALS.-A comparative measure­
ment of the strength of signals may be made as in Fig. 252 where the 
telephones Tare shunted by a variab1e resistance. or in1pedance R. If 
s is the impedance of the shunt, lt, the )cast audible cu1Tent in the 'tele­
pbone, I., the total current in the shunt and telephones, and t, the imped­
ance of the telephonc 1 then 

I s+t 
h- s ~ 

The ratio s+t is called the audibility fact-Or. 
8 

*A thermocoup?e and ga!vanomctcr. Bee pa.ges 181 and 182 •&Radio Instrumcnts and MeNure­
mcnts. '' 
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Sin ce the impedance vari es with the frequcncy, ·wave-f orrn and other 
constants of the circuit, it is necessary to calibrate the apparatus for each 
sètting under actual conditions of use. 

The ordinary '\ra.y is to ignare the impedance a.nd call s · and t, the 
resistance o~ the shunt and telephone respectively. The resistance R in 
Fig. 252 is then· varied until the signals are just audible. Then if 

8 = 50 ohms and f= 2000 ohms, I= 
50 ~~OOO X 11=4011, that is, the signal 

is 40 times audibility. 
Although the latter method has many disadvantages it is still 'videly 

used. Calibrated a~dibility 1neters n1ay be purchased. ' 

' .. . 
I 

. ' 

Buzzer Tesl-er 

l 

---

L' 

Rece/v1ng C/rcv/r 
p . 

e Poi. Bt:1I: 

o 

c3· r= 

'Phonss. 

Frn. 253. The c.e.libration of a. receiving se~ by a waYemeter. With tbis a.pparatu.s t.he complete t"ecéiving 
sytstem may be tuned to a.ny wavc Jength in ndvn.nce of reception. 

DISTRIBUTED CAPACITANCE OF A COIL.-Using the circuit of 
Fig. 245, the distributed capacitance of the coil L-1 may be determined 
as follo\vs: Determine the apparent inductance of L-1 at t·wo settings 
of C-n

1 
tuning the circuit L-1, C-n to the wa.vemet.er for each setting. 

Then use formula (69). 
Letting 

La1 =the apparent inductance for C-1 {one,value of capacitance of C-n) 



and 

Then 

Radio Measurements 

La2 =the apparent inductance for c.2 (the sccond value of C-n) 

Co= ( La 1 - 1) 
T~a ~ 

\Vhere 

Co= distributed capacitancc in mfds. 
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(77) 

CALIBRATION OF A RECEIVING SET.-.The circuit appears in 
Fig. 253. L C is a wavemeter excited by a buzzer, \vhich is placcd in 
inductive rela.tion to thc antenna syste1n at L'. The wave length of the 
complete receiving set is then dctermined a.s follo\vs: Start the buzzer 
and set the ·wavemeter at some \va.ve length. Vary the inductance and 
capacitance in the open and closed circuits and change the coupling until a 
sharp maximum is heard in the head telephones. The ·wave length of the 
receiving set is then the same a.s the wavemeter. Using loose coupling 
at L,L', the oscillation detector can be adjusted for maxi1num sensitive­
ness by trying different points on the crystal and adjusting the potentio­
rueter Pot. 

A 'va.vemeter used in this \vay has a good dcal of value around the 
experimental station as it assures the. operator that his apparatus is set 
at the correct wave lenO'th for reception from a given transmitter; other­
\vise much experimental tuning will be necessary in order to pìck up a 
station. 

HOME-:MADE WAVEMETER FOR THE AMATEUR STATION. 
-The wave length curve of Fig. 253a has been prepared to sho':v the 
amateur \vho does not possess the facilities for ca.Iibration how to construct 
a ·wavemeter with which be may tune a 200-meter transmitter. 

This curve fits the Generai Radio Company's type 124-A No. 501 
variable air condenser . The inductance for the wavemeter consists of 
30 turns of No .. 18 _cotton covered annunciator \vire, wound on a tube 5" 
outside diameter. A t 20 ° on the variable condenser, the \Va ve length 
is 175 meters a.nd at 100 degrees it is 560 meters. This will cover the 
amateur's transmitter. 

Thus, in order~ to obtain a wavern~ter for tuning purposes, the experi­
men ter need only purchase the ab ove· mentioncd condenser and construct 
a coil itccording to the dimensions givcn above. The detector circuit, 
as shown in the drawing next to the curve, is connected unilaterally to 
the wavemeter. A 1v1arconi V. T. should· be used f ur sharp readings and 
to permit the ·wave1neter to be loosely coupled to circuit under measure­
ment. The grid of the valve only is connected to on.e terminal of the vari· 
able condenser C. 

For the curve gi ven, the leads f rom the coil to the condenser are 6" 
long. 

MEASUREMENT OF IDGH VOLTAGES.-The simplest method is 
the '(sphere gap voltn1etcr,, mcntioned · in Chapter IV. Two spark 
balls 2 centimeters in diameter are mountcd on an insulating base and 

' 
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connect.ed in shunt to the high volta.ge source. Thc. balls aro separateci 
until sparking just ceases. Thc following table of volt.ages, indicates 
the 1na.ximu1n c.rn.f. for different ga.p léngths. 

~ l I J " l l 1 l L J l I 1 l 1 J - WAVE.Mf.TE.R C\P..CU\T 

- I' 
___.. ~ r 

I~ 
/;.. :~ ~ ln .... ~ 

~ 

lr J 

J' I :~ t - -
=) '. ~ ' 

~L ~ - r:::::::,_, ,11' ,..,. ~ ~J 
~ / \.e rU' ~ 

,_ -550 -IC .J 
~ - -

_ l•r.411{111 .,,, ...... '- ...... - " 
... ~ + 

' .... 
soo 

, -"" 
.,,, -

.. ~ 
450 

~ 
..<lii 

, 
~ 
, ., 

Li 400 
:I 

~ 
~ 

.. " ·' , 
~ 

-Jr 

tOO 
__ , 

/ Il -· - -~- ,,. .... - ---.......... 
CAU~RATION OF Ci. R. CONDENSf.R-

TYrt t24·A t 501 • 
30 l'URNS Of • Le o.e.e.. ru&f s • 

' OIAM. 2f WlNDlNG SPACf ,. Lt'.~OS ~ 
' 

JSO 

100 

. OIACITAN(f 
Oft (CrtO·". 

. .. ••• ~··-· ................. 00005 r .ooot .ooo~s5 .ooos2 .00061 
Dt~f\1.t~--............. 0 to io so 40 50 60 10 &O ~O LOO 

Fm. 253a. Wave Jengtb curve forthe Genera) RadioCompanytsc<:mdensert.ype 124-No. 501 when shunted 
by a coil of 30 turna of No. 18 annunciator wire WQund on a bakelite tube 51'/in diameter. The range 
Qf thia wavemeter is cotrect for tuning the amateur transmitter . 

TABLE XVI 

Spark 
Voltage 

4700 
8100 

11400 
14500 
17500 
20400 
31300 
'47400 

Length of gap 
in cm. 

0.1 
0.2 
0.3 
0.4: 
0.5 
0.6 
1.0 
2.0 

Fia. 253b. Table showing the voltages CQrre~nding t o various spark gap Iengths using &park ha.lls 2 cm. 
indiatneter. / 
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CHAPTER XII 

CLOSED COIL AERIALS--DIRECTIVE TRANSMIT· 
TERS AND RECEIVERS-CONSTRUCTION OF 

A DIRECTION FINDER 

GENERAL.-For 1nany years closed coil aerials bave been employed 
by the Marconi Companies in their direction fìnding apparatus. "\Veagant 
has bccn particularly active in using these coils for long distance recep­
tion. It is \vell known that a closed circuit loop exhibits directional 
charactcristics both in transmission and reception. It is useful not only 
for locating thc dìrection of a station but as an in-door aeria1 as well .. 

It is doubtful 'vhethcr the amatcur expcrimcntcr will ever utilize the 
loop aerial for radio transmission, but it is interesting to know that a lO'w 
pnwer, porta hl e transmi tting set using a small loop acrial and per mi t~ing 
communica.tion over 20 miies \Vas devclopcd during thc war. The 
radiating properties of the loop are notoriously lovv, but thc loss in radi­
ati on is made up by tho une of super-sensitive vacuum tube amplifiers 
a t the recei ving sta ti on. 

Any closed coil aerial connected to an amplifying receiver rnay be 
used as a direction finder. The operating eharacteristics of a loop n1ay 
be explained by the sketches in Fig. 254a and b. When the plane of the 
loop L points in the direction of the advancing 'vave as at Fig. 254a, 
thc e.m.f. induced therein is a maxi1num, but if the plane of the loop is 
at right angles to the advancing wave as in Fig. 254b, substantially no 
current is set up in it. If then 1 the loop be turncd on its axis X 1 as a.t 
Fig. 254c, a positìon can be f ound f or eìther maximum or minimum signals 
from any given transmitter. 

The curve of reception for the closed coil or loop acrial is sho\vn in 
Fig. 254d. Maximu1n signals are obtained when the plane of the coil 
lies in thc dircction AB; and mìnimum signals in the direction A 2 132• 

In any other direction, such as Ai Bi the strength 1 of the signal varies 
as thc cosine of the angle which the plane of the loop makes with the 
piane of the advancing wave motion. · 

The poS'ition of thc loop for minimum signals is generally more sharply 
defined than that for maximum signals. Hence, the pointer on the 
direction finding scale is mounted at a right angle to the piane of the loop. 

Returning now to Fig. 254d, if the small circle R represents the 
smallest curren t tha t will gi ve an audible signal, then f or any posi ti on 
of the coil aerial within the angles R M 1 M ~ and R ftf, M ~, no signals are 
obtained. 

" 
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Fm. 254. A. showinii; the position of a elosed loop aerial for mai:lnrnm inductìon from an a.dva.n<!.ing wave . 
B t tho positfon of the loop for minimum induction. C • loop a.erial mounted on a.n a~is for determining 
th& direction of a. .sending 6tation. D, curve of rece11tion for the loop a.erial. E , !oop aerial ìn the 
form of a. square ptism. 
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To dctcrminc thc direction of a transmitter the positìons Af1 .1'!2 are 
noted on the scale \vhcre the signals just beco1ne inaudible. The loop is 
then turned 180° and the positions lkf.3 1lf, for minimurò. signals obsorvcd. 
By taking an average of thc scale readings at Jlf 1 kfz, and at J.lf a M4 and 
placing the loop along the line of the resultant the pointer P \Vill Iie in 
the direction of the station sending. . 

In practice thc loop L Fig. 254c is mount'cd on a pole or stand so 
that it can be turned through an are of 180 °. The scale is stationary 
and its zero index should be placed in liné \~ith either the geographical 
north pale or the north inagnetic pole. 

The loop L may be 1nado a flat spirai as in Fig. 254c~ or a square 
prism as in Fìg. 254e, or it inay be \vound in regular or irregular multi­
layers. Litzcndraht \vire is gcncrally used qut solid coppcr ·wire \vill do 
nearly as \vcll. · , 

In addition to their directional characteristics it \vili be evident that 
these loops 'vill eliminate a certain a1nount of interfcrcnce from station~ 
,vhosc signals a.re not desircd, for if the plane of the coìl points in the direc­
tion of the station desired, a signa.l of th~ $ame 10ave length coming at rigfit 
angles to the vlane will not be heard . . Signals at any other angle will be 
heard \Vi th less in tensity than \vi th a non-dircctional a.ntenna. 

DIMENSIONS OF LOOPS.-For strongcst signa.ls the nàtural wave 
length of the loop should be near the ·wa ~~ lcngth of the signal to be 
receivcd. These loops do not respond 'vell '";hen loatled to \vave lcngths 
tvlo or three times thc fundamental unless a cascarle amplificr is employcd. 

1''he turns should not Le too close or the di~tributed capacitance \Vili 
be excessive. 1"hc turns are . usually spaced. An increase of the 
numbcr of t.urns up to a certain point incrcascs t.he signals, but beyond 
this point no increase is obtained. · 

For long wave lengths, 20 to 70 t\lrns embracing a ~omparatively 
s1nall area are used. Loops of grcater area with 1to4 turns are employed 
f or short wa.ves. ' 

• 

..... I 

r 
• • 

~ .. 

' LOOP A e1ts.t.L' 

•. . .. 

~ . .... ... 

.. 

. . Ft.o: 255. Loop aerial that has been foun.d suitable for the rec'eption of wave lengths between 2500 and 
7000 meters. Tbe frame LJ 9-'ft. square wound with 22 turna of 3xl6x38 Litzendmbt ()t No. 14 r.c • 

. wire. Tbc turna are spa.c~i'0.1 inch. 

.• 



• 

LO
OP

 A
tP

JA
L 

U
J&

 
,., .. 

.. . ·""·
 

L·1
 

.... 

L
-

T
\J

&
E

. 
G

E
N

tR
.t

.T
Q

lt
 

• 

~-
1 

fO
R 

tO
NG

 
WA
VE
~ 

UP
 T

O
 

'6
00

0 
ME

1f
lt

~ 
W

rN
D 

70
 

TU
R.

NS
 

OF
 3

" 
16

• 
3&

 
U
T
Z
E
N
D
~
l
H
T
 

ON
 

A
 F

 R.
AM
~ 

4 
f:T

. 
5Q

UA
R.

f. 
IN

 
4.

 l
 A
V
E
.
~
 

FO
R.

. 
&

0
0

0
 

ME
.T

ER
.~

 
U
~
E
 

SO
 T
U
R
N
~
.
 

~ 

' 

M
.lr

tC
OM

t V
. T

 
M

AR
.C

ON
\ 

V.T
. 

M
AR

.C
ON

' V
.T

. 

.. I
•l• ..

.......... _
_

_
_

_
_

 ..,.._
___

 _
_

_
_

_
 _ 

D
~
T
E
C
T
O
R
.
 

lN
D

 
AM

PL
ff.

,E
.R

. 
C

lR
C

U
 'T

S
 

F
m

. 
25

6.
 

L
o

o
p

 a
er

ia
l 

an
d

 t
ts

so
ci

at
ed

 d
e
te

d
o

r 
ci

rc
ui

ts
 s

ui
ta

b1
e 

fo
r 

w
av

e 
le

n
g

th
s 

b
ct

w
ee

n
 7

50
0 

a.
nd

 1
8.

00
0 

m
et

P.
rs

. 
T

h
e 

fr
am

e 
is

 ~
 f

t.
 a

q
u

n
te

 w
o

u
n

d
 w

it
h

 7
0 

tu
rn

s 
o

f 
3:

T;
l6

x:
38

 a
te

.n
da

rd
·J

,i
b

en
d

ra
.h

t 
m

 4
 f

ay
er

:s
. 

A
 r

er
:li

l3
ta

nc
e.

-c
ou

pl
ed

 c
~s

ca
de

 c
m

pl
if

ie
r 

of
 3

 
to

 8
 s

te
.g

cs
 i

s 
co

up
le

d 
in

du
ct

.i
ve

ly
 t

o
 t

h
e 

Jo
op

. 
F

o
r 

he
t.

er
od

yn
e 

re
ce

pt
io

n 
a 

v
ac

u
u

m
 t

u
b

e 
ge

ne
ra

to
t' 

w
it·

h 
a 

B
in

gl
e 

v
n.

h
-e

 i.
!'l 

eo
up

le
d 

in
d

u
ct

iv
e]

y
 t

o
 t

h
e 

re
ce

ìv
er

 c
ir

cu
it

.s
. 

T
hi

:s
 s

ys
te

m
 w

il
l 

p
er

m
it

 t
h

e 
re

ce
pt

io
n 

o
f 

u
n

d
am

p
ed

 o
sc

il
la

ti
on

s 
fr

ot
D

. 
h

ig
h

 p
o

w
et

 s
ta

ti
o

n
s 
op

et
at

ìn
~ 

a.
t 

lo
n

g
 W

S
'\

"e
 l

en
g

th
s,

 o
v

et
 d

is
ta

nc
es

 o
f 

se
v

er
a\

 t
h

o
u

sa
n

d
 m

il
cs

. 
T

h
e 

lo
op

 m
ay

 b
e 

cr
cc

te
d 

in
d

o
o

rs
 i

n
 w

oo
de

n 
bu

il
di

ng
s 

w
it

b
 g

oo
d 

re
su

lt
s.

 
F

or
 r

ec
ep

ti
o

n
 a

t 
60

00
 r

oe
te

rs
 l

iO
 t

u
m

s 
w

o
u

n
d

 o
n

 t
h

e 
sa

m
e 

fr
am

e 
w

il
l 

b
e•

fo
u

n
d

 s
ui

t.a
.b

le
. 

w
 

.....
 

.,;.
.. ~
 

l:i
' 

(1
) -~ [/
) 

{I
l 

tr
j 

~
 

('t
) ..., a· <I>
 a a>
 

'"1
 ... 

tl
l a= ~ -



Direction Finding Systems 315 

The Signal Corps has obtained good rcsults at wave Jengths up to 
600 1ncters 'vith a squate loop 8' on a side, 'vound 'vi th three t urns of 
3 x 16 x 38 Litzendraht cablc spaced ~2". The natural \Vavc length of 
such a loop is ncar 160 n1cters and 1vith the serie condcnscr C-2 and the 
inductance L-2~ Fig. 25-1c, 'va ves up to 600 meters can be tuned in. A 
loop 4' square wi th 4 turns spaccd 74:" is also suitable. 

For ivaves of mode1·ate length up to 8000 met.ers a loop of 22 turns 
spaced 0.1 of an inch, on a frame 9' square, has been found suitable. 
A circuit that has becn used with a loop of these ditnensions is show·n in 
Fig. 255. For long 'vaves the loading coil L is used to incrcasc thc \vavc 
length of the syste1n. 

For dircction finding, the prin1ary inductance L-2 Fig. 254c is pref­
erably split in the center so that the variable condenser C-2 may be in .. 
serted. 

The R.esearch Deparbnent of the Marconi Company has achieved 
notc\vorthy results 1vith the loop and circuits of }f'tig. 256 lvith ·which 
sirrnals bave been received at long ·wave lengths over distanccs of scv ral 
thousand miles. For w·ri.v, lengths up to 18,000 tnctcrs thc fra1nc of thc 
1oop should be 4' square "V.~ound \Vith 70 turns of 3 x lG x 38 Litzcndraht. 
in 4 layers. Thc loop is couplcd ind uctivcly to a 3- to 6-stugc resist.­
ance cou pica arn pi i ficr using l\.:larco ni \T. T. 's. Thc de tcction a nd am plificr 
circuit is the circuit of Fig. 184 und data for· this are givcn in connection 
'\vith that figure. 

For heterodyne or beat. reception the loca.I radio f1·oquency current is 
supplied by another l\:farconi \.' . T. which is conncctcd up as an oscillation 
generator. The coil L of the generating circuit is couplcd inductivcly 
either t.o L-1 or L-2. The tube generating circuit is substantially that of 
Fig. 218.. For Iong wn.vc reception, thc coil L and the condenser C 
must be of sufficient magnitude to generate oscillations between 18,000 
and 50,000 cycles. 

Throughout Fig. 256 grid lcaks of 2 megoh1ns are indicatcd at R. 
The coupling resistanccs R-1 bave resistance of 2 inegohms each. The 
dirncnsions of the tuning cle1nents .for the circuit can be taken from 
Fig. 134. . 

A suit.able loop for 6000 ·meters.is one four feet square vlound with 50 
turns of 3 x 16 x 38 standard Litzcndraht. The turns inay be "round in 
3;1 layers and the circuit Fig. 256 should be used. 

Good result.s will be obtaincd when the loop aerial is erected insidc of 
wòoden buildings. The signals are reduced conside1·ably when mounted 
inside of buildings "\Yith metal frames .. 

The experimentcr must bear in mind that the signals are maximum 
·when tbc plane of the loop points in the direction of the sending station. 
Hence, for reception · from all points of the compass tbc loop ruust be 
mounted so that it can be turned through an are of 180 °.. The loop 
may be suspended fron1 the lim b of a tree or any con venien t structure. 

The · use of these loops opens to the experimcntcr a most interesting 
field of research. For one thing the fact that signals may be reeeived 
over great distances 'With the antenna structure mountcd indoors is in 
itself a good argument to warrant their a.doptiou. 
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TWO-LOOP DIRECTION FINDER.- Thc circuits· of a direction 
flnding system used during the \varare sho\vn in Fig. 257. '1\vo loops, 
kno\vn as th~ main and auxiliary loop, are mounted a.t a right angle 
on a cotnmon axis. The loops should be 4' square for moderate '\vave 
lengths, the main loop being ·wound with 12 turns of No. 18 annunciator 
\Vire, and thc a uxilia.ry loop v~rith 33 turns of the saine size 'vire. To 
reduce thc distributed capa.citancc of the loop the turns are preferably 
slightly spaced. Both loops are èonnectcd to a con1mon detector circuit 
primary P. The connections frorn the auxiliary loop can be reversed by 
the switch B-2 and the s~ritch S-1 disconnccts the primary fron1 the 
inain loop and connccts it to a coil L-1 which has the san1c inductance as 
the main loop. C-1 is a. varìablc condenser of 0.001 mfd. 

A\J1'1UA'R'( LOOP 

.-·MA1N LOOP 

MARCONI V.T 
i 
l • 

~fUO lEAK 

Frn. 257. Two-luop dit('ction finding Rystem URed durlu~ the recent war . The direction of the scnding 
station is detcrmincd bx turnìng the loops until the $Ignals (ire a. ms.xirnurn. The auxilìary loop acts 
as a check on the position of thc m:iìn loop for maxhnmn lt)duetìoti, fol' when the piane of thc main 
loop doe!-J not lìe jn the generai direction of the sending station the auxìliW'Y loop hecomcs active 
and indìcates by it~ effect ~l.pon tbc signa.ls that the dìrection of the oon<lìng stMmn hs.s not been 
a<'curately !ocn.ted. When the correct poaition of the main loop is found the auxilìary roop is inactive 
and it will then neithcr sttèngthcn or wcakcn the signa.l.s when the reversing swìtch is throw.n from 
one posìtion to the other. · 

The rnethod of locating a tra.nsmittìng station is as follo\vs: Thro\v 
s'vitch S-2 to the left, close S-1 to tbe top, and turn the loops for maxin1un1 
signals. The tnain loop is no\v somewhat in linc \vith thc transmitter. 
Then thro\V S-1 to the inductancc L-land if signals are still being rcccived, 
the auxiliary antenna evidcntly is receiving signals. 

Then revolve the loops still further (up to 90 °) and change S-2 from 
one position to tbc other wìth the s"ritch S-2 closed to the ma.in loop. 
As long as current is flo\ving in the auxiliary antenna reversing S-2 will 
either increase or dccrcase thc signah-3. 

' 
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By turning the loops farthcr a position will be found wl1cre, with the 
switch S-2 in either position, the signals will not be affected. rrhe plane 
of the main loop no'v points along the line of the direction of the scnding 
station. It then receives tbc maximum induction froin the passing 'vavc , 
\vhereas the auxiliary loop is not affcctcd. 

As pointed out before, the positìon of a loop a.crial for maximum sig .. 
nals is not sharply defined, but by ineans of thc balancing system pro­
vided here the position of the main loop for 1naxhnurn signa.Is can be 
very accu1·ately located. The auxiliary loop cvidently serves as a good 
check on the positìon of the main loop for maximum signals , for if thc 
main loop is not in the position for .maxi1num induction, the auxiliary loop 

- \Vili bccoine active a.nd sho'\;v by its effect upon tbc signals frorr1 the main 
loopthat the directìon of thc sending stationhasnot becnaccurately located. 

MARCONI TWO-LOOP 
DIRECTION FINDER.~ 
Tbis systcm has bccn uscd 

- commcrcially for a nun1bcr 
of years. 'rwo single turn or 
multi-tu1"n loop acrials are sup­
portcd by any convenicnt 
structurc at a right angle and 
their ter1ninals are connected 
to tbc prirr1arics of a devicc 
called a goniorneter. Thcsc 
prirpa1·ies corn bine to produce 
a resultant 1nagneti c jìeld \vhich 
a.cts upon a con1n1011 detector 
circuit through the agency 
of a rotating explo1·ing coil. 

The fundamental circuit is 
shown in Fìg. 258. J.;oop A 
B is erected a t a righ t angle 
to loop C D. The f orrner is 
connected to the gonio1netcr Fro. 259. The :Ma.r<:oni :radiogoni.ometer-a rad.io instru~ 

ment forlooating thc directionof a seuding stat ion. primary L and the latter to 
the gonion1eter prilnary L-1. 

Condensers K and K-1 a1'e insertcd in the middle of ea.ch primary. They 
are mounted on a common shaft so that their capacity may be 
varied sìmultaneously. . 

The exploring coil L-2 rotatcs in the resulting magnctic ficld and its · 
terminals are connected to the detccting circuit through the intcrmeàiate 
circuit L-2, V, L-3. Thc intermedia te circuit ma.y be omittcd and the 
coil L-2 connectcd directly to the terminals of t·he va.riable condenser 
C-1.. A 1\{arconi V. T. 1nay be substituted for the crystal detectors sho,vn. 

The construction of the goniometer is sho,vn in Fig. 259. It will be 
noted that the goniometer eoils (marked l.1 and L-1 in Fig. 258) are 
crossed at a rightangle, One suitable f or amateur use will be describcd later. 

The operation of the direction finder is as follows; \Vhen one of the 
loops points accurately in the direction of the transmitter, it alone is 
actìve, and the other is inne ti ve. If the . exploring coil L-2 is then turncd 
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AER\AL 
FLUX 

FLUX 

F1c. 260. Showing the magnetic field within the Marconi goniometer when one loop alone is acted upon 
by the advancing wave . · 

'TO AER\AL 

G 

OIRECT\ON OP 
ADVANCING 

WAVE. 

Frn. 261. ShowinJ!: the magnetic field wit4in the goniometer w4en l?oth loops a.r~ 1,1.ç~d upon equallf br the advancm~ wave : · · · 



320 Wireless Experimenter's Manual 

to receive the maxi1num energy f ro1n the corresponding gonio meter 
primary, the pointer mountcd on its shaf t will point in the dircction of 
thc plane of the loop. The san1e results are obtained fron1 thc other loop 
when it alone is acted upon. 

If the advancing \vu.ve strikes thc t'\vo loops at any anglc, a resultant 
field 'vill be set up 'vithin thc gonio1neter bearing a direction at right 
angles to the direction of the a.dvancing 'vavcs. Then, "~hen thc oxploring 
cc~' L-2 is turned to receivc the maximum induction f ron1 thc resulting 

E=! . !-i 
~ / 

~ ,_..., 
~ 
i 

Frn. 262. Plan view <>f a. g<>nknneter suitable for the fimateur station The connections between tho 
triangular nerials and the goniomcter primaries are indicated. Tuning is eff ec~d by two variable 
cçndensers, on~ eounect~d M the ccotcr of e~ch goniomcter primary. · · 
' I • t • • • 
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:field, the 7Jointer will be along the direction of thc trans1nitting station. 
The rcsultant fields for t'vo cases are sho\vn in Figs. 260 and 261. Fig. 
260 shows the field around the goniometer primary \.Yhen onc loop Ìs 
being acted upon alone. Fig. 261 sho,vs the resultant field \vhen thc 
advancing '1~avc acts upon both loops at equa1 angles. For any othm~ 
angle, thc rcsul tant ficld '\Vill shif t accordingly. 

A suitable goniometer \vill no\v be dcscribed for reception at amateu1~ 
'\\rave lengths. The dimensions and tbc constructional details appear in 
Figs. 2fi2 to 265. The chief part of thc equi p1nen t is the gonio·meter, 
\vhich utilizcs the cncrgy of both loop acrials to affcct tbc detccting cir­
cuit. Briefty, it \Vill be notcd that thc gonìometer consists of t\vo identica! 
rectangular coils 1nounted co~axially at an anglc of 90 ° \Vith an exploring 
coil loca ted in the cen ter. Each coil is i.voun d wi th 8 turns of No. 2G 
'vire and is interi~upted at thc exact center so that a series tuning condenscr 
may be inserted. 

The exploring coil n1ounted on a vcrt.icnI axis at the center of thc 
rectangles is constructed likc thc rotating coil of a vuriornetcr and is 
\Vound full with No. 28 s.s.c. \virc. Thc ·tenninals of the ball ·winding 
are connected to the detecting circuit as in Fig . 258 . 'rhe ends of thc 
goniometer primaries are conncctcd to the t\VO triangular Joops in thc 
manner sho·wn in Fig. 262. 

The chief rcquirc1ncnts of an operative direction fi.ndcr set are satis­
fied if the gcncral dc ign outlined above is adhcrcd to. It n1akes littlo 
difference, fro1n a mcchanical standpoint, in ·what manner the experi­
rr1enter inounts thc rcct.anglcs and tbc cxploring coil, for if thc two 
rectangles are pcnnancntly fixed at a 1·ight angle , and the exploring coìl 
is accurately ccntcrcd inside, a Vlorka.blc appn.rn.tus 'vill result. 1'he 
advantage of thc l\1arconi radiogoniomcter ovcr some othcr systems is 
that thc loop aerials nccd not be turncd, as the direction of a sending 
station is determined siinply by rot.ating the exploring coiL 

Fig. 262 is a top vìe\v of the t\VO gonìomcter prin1aries, and sho\vs 
the connections f roin these to the loop antcnnac. The primari es L and 
L-1 cross each other at a right anglc, thc primary !J being inounteù 
slightly above L-1. Co il L--1 is intcrruptcd at A 2 , J32 f or connection 
\vith the variable condenser [(-1; sitnilarly coil L at 11 ', B' to include the 
variable condenser K. The condensers are identical in construction, an<l 
in capacity, and both are tnounted on a co1nmon sha.ft rotatcd by the 
control handle Il. The condensers are insulatcd from each other by the 
hard rubber slccve B-4. A pointer which inoves over a 180 ° scale 
should be attached to the shaft 

Each goniometer primary has exactly 8 turns plus tbc length of thc 
top pieces (Fig. 262) 1 spaced U", slots being sawed in thc top and bottom 
f ram es to takc thc wire. 

Fig. 263 affords an idea of tbc goniometer in elevation. Each rect­
angular co il is 6 ~ 1' high, 5 " lo ng (a t i ts maxim u1n dian1e ter) and 2 ~" 
\vide. A ;w 11 brass rod passes through the top, through the:support for 
the coils L and L .. t, and finally tcrminatcs in a bearing in the base. 
The variometer ball is mounte.d at the. cxact middle of the goniometer. 
1 'he dhnensions of the ba.Il are given in Fig. 254. The shaft a.lso carries 
the control handle and a pointer which ~noves over thc scale sho,vn in 
Ji'i(T. 2(35 t 
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Fig. 264a shovfs the din1ensions of the top and botton1 supports for 
the rectangula.r coils. · ~he support for one coil A is spread out at thc 
ends to ta.ke inachin~ scre·ws for holding the supporting hard rubber 
rods R-1 in Fig. 263. The support B for the other coil is scre\ved to A, 
but a sligh t air ga p is lef t to permit the \vi re to be fished through during 

I 

PO\NTER. 

. ....... ....... _ ·- .................. , .. 

Fto. 263. Amateul' type of gonfometer in ~l~va~9~, - .. . . .. _,,. . . - . . 
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Frn. 264. Dimensions of the exploring coil. 
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the ·winding of the coìls (see Fig. 263). Slots ;{G" ·wide are cut in both 
A and B to take thc \Vi re. 

Careful scrutiny of these sketchcs \Vill reveal that the variometer ball 
·winding inust be placcd in position before the turns a.re 'vound on thc 
frames. Placing these turns \vould jndeed be tedious ':vere it not for 
the fact that thcy are few in nurnber. It will also be clcar that the cir­
cumfercnce of the supports A and B represent.s a circlc 5" in dian1eter. 
That is to say the diamcter of the goniometer lookìng do-wn frotn the • . 5 ,, 
~PIB . . . 

Nate that the scale ìn :B"ig. 26S is calìbrated from O 0 to 180 ° in both 
directions. The zero index should be placed along the Iine markcd iv S 
in Fig. 262. If the line N S is in the direction of the geographical or 
magnctic north pole the direction of a sending station is rcadily located 
\vith the aid of a map. The possible towns or cit.ies from \Vhich such 
signals e1nanate inay be recordcd for future rcference. * 

Suitable loop aerials for moderate ·wave lengths are sho,vn in Fig .. 266, 
wherc cach has t.he form of an isoscclcs triangle. Each loop has but onc 
turn for short \vaves up to 600 metcrs, for longer 'vaves tw·o or tbrcc 
turns may be used. As long as thcy are syn1mctrical , the loops may bave 
the shape of a square, a rectangle, or a circle. Tbc aerial in Fig. 266 
is 40 feet high and 30 feet lon--g at the base. The lcad-in ·wires lV1 and 
lf' 2 should be placed a.t. least 5 fcet above the carth. The t·wo loops 
must be symmetrical in cvery respect. 

CALIBRATION OF THE GONIOMETER.-The terminals of the 
two-loop acrials in Fig. 262 are marked S F, P A, S 11, P F. Thcse lcttcrs 
refer to their positions aboard ship, and mean resp,ectively, starboai-d 
f m·wa1Yl, port aft, starboard ·a..ft and po-rt jor·w·ard. Thus thc line N 8 
in Fig. 262 \vould be thc bo\v and stern line of tbe vessel. \Vhether or 
not the terminals of the loops are connectcd to thc proper tern1inals of 
tbc gonion1cter prin1aries can be checkcd up by a \~rave1neter set int.o 
excitation by a buzzer. The inethod· of calibration follo·ws: Place the 
coil of the wave1neter ('vith buzzer activc) in abutrnent v{ith the side of 
the loop P F. Rotate the exploring coil (after resonance has been esta.b­
lished by turning thc variable condensers) unt il a signa.l maximum is 
obtaìncd. l'bc piane of the exploring coil should then coincide \vith thc 
plane of thc corresponding gonio meter primary, in this case the coil 
L-1 Fig. 262; that is, the pointer should lie on thc goniometer scale in 
the posi ti on 4S 0 - 135 °. : 

Then plaee the ·waveineter coil in abutment. 'vith the othcr loop at 
the sido S F and follo\v thc sa1nc process. If the second loop requires 
re-tuning of the detector circuit for n1axin1um signals it. is an indication 
that the loops are unsy1nn1etrical. This should be corrected ]mmediately 
and it will probably be found that the wires of one of the loops a.re not 
pulled taut. I 

No-w place the ·wavemetcr cxactly 1nid·way bet,veen the sides of the 
loops corresponding to P F and S F, and turn the dircction finding 

*This apparatus is a. bilateral direction finder or radio comp:"\.'3s. That is t it brives the li[Emeral line of 
direction, but doea not indicate on whìch side of t hc loop the signa.l is received. A unilatcral app.aratus 
i8 in use in the U. 8 . Navy which giv<.'s the absolutc clirection with a falr degree of a.ccuracy. In tbL'3 sys­
tcm a vertical antenna is balanced against a. dosed circuit loop. a.dvant a.ge being taken of the relat ive 
phases of the currents in the loop and in the vertiça ~ f-'ntentta. , and of tho dircctio1~al·c~aracterìstics of the 
loop to of?tait~ (.t. readi~ . ~ 
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pointer fora signal 1naximu1n. The pointer should then lie on the position 
O 0 - 180 ° and thc signal should disappcar in thc position 90 °-90 °. If the 
maximurn is obtained in the position 90 °- 90 °, reverse the connections to 
one of the gonion1eter prirnaries. 

In the actual ]\.'Iatconi set, a s1nall wa.vemeter, giving À = 300 and 
l\ = 600, is placcd immediatcly a.bovc thc gonio1nctcr box \vith the four 
lea.ds fron1 the t\vo loops through the corncrs of thc box. Thus since 
both loops are excited symmctrically, the instru1ncnt can be tuned to 
any given wave length in advancc of the reception of signals. The com­
plete goniometer can "at thc samc time be checkcd up for accuracy and 
correct connections. 

In order tha.t the signals from thc buzzer 'vill be heard when the 
\Vavemeter is ~t small distancc from thc loops a l\1Iarconi V. T. should be 
used as the oscillation detector. During calibration the waverneter should 
be set at v~1rious 'vave lengths and tbc positions of the variable condcn­
sers K and K-1, a.nd the secondary variablc lT-1 (Fig . 258) notecL 

The goniorrieter and aerials just dcscribcd \vili rcspond up to 600 
meters, but by the use of ~uitable loadings or multiturn loops, much· 

SCALE -. 
\ 

" 

. . . 
j 

CONTR.OL 
HA.NDLE 

F1G. 265. Dctai!~ of a s1:1itable ~oniomet<fr scal~ , 

(j) 

-~ ·o 
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· 1onger \vaves can be received. The possible 1'lave length range is of 
course govcrncd largely by tbc dirnensions of the loops. 

To find thc direction of a scnding station procecd as follo\vs; Tune 

30 fT. 

FIO. 266. Triangular loop acriab for use wit.h thc ~farconi 
direetion findcr. l"or long wavc length reception multi~ 
turn loops ure employcd. 

the loops to thc dcsired 
\Vave length (if kno\vn) by 
a \va.ve1netcr. Turn the 
handle of the cxploring coil 
until a signal n1aximum is 
obtained. Thc po in te r 
shoukl thcn lie a.long the 
gcncral direction of t h e 
scnding station. 1\o\v that 

. the genenLl line of dirccw 
tion of the sending station 
has been detennìned, other 
means must be ernployed 
to find out on \vhat side 
of the receiving loop thc 
signals are trans1nittcd. 
'rhe o bserver, if hc be a.t 
a land sta ti on a nd tbc land 
station is not. on an island , 
obviously can locate t.he 
absolute direct.ion of the 
shi p scnding, but if hc is 
aboard a ship or on an 
island ot.her means must be 
e1nployed to indica.te on 
\'Vhich sidc of the receiving 
station, tho station sending 
is locatcd. 

If thc position of t h e 
pointer fora maximum is 
not. sharply defined, the 
operator should obscrvc thc 
scale readings on both sidcs 
of ma.xirn urn ·w hcre t h e 
signa.ls just disappear. A 
mean of theso readings is 

then takcn for the maximum. The three-hulb l\1arconi V. T. set of 
Fig. 183 should be uscd for long distance rcecption at short " ,ave 
lengths. The goniomctcr dcscrìbcd here 'vill be uscd in connection 
\vith 'Veagant's static climinator explained bricfly in the follo,ving 
chapter . 

...... . \• 
t "f : ' • . ..!. 
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CHAPTER XIII 

. ' --~ 
\ . 

WEAGANT STATIC ELIMINATOR-UNDERGROUND 
AERIALS 

GENERAL.- Until \\Teagant's epoch-1naking discovery, no satìs­
factory solution of the static problcn1 had becn presented. His researc-hPs 
sccn1 to indicate that the predominant types of static ivaves may be cla!:)­
sified under two ht>adings, viz., "grinders" and "clicks." 'The f ornH.1 r 
are the kind that cause a continua} grinding sound in the telephones and 
are especially strong in the tcrnpcrate zone during the summer mo nths. 
The latter are · more like the detonations of cannon fire taking place at 
irregular intervals. 

l.iike wirclcss wavcs, clicks appear to be propa.gated horizontallyJ· 
\vhile grinders are propagated verticall-y and thcy affcct shnult.ancously 
aerials separated by great dista.nccs. rrhis lattcr obscrvati0n ~crvcd as a 
ba.sis for the deve1op1nent of practical apparatus and thc rcsults obta.incd 
in the earliest experiments justìfied the hypothcsfs to a large dcgrcc. 

The interference froin grìnders is most prevalcnt in thc \vann scason 
. f rom noon to the sunrise of the f ollowing in orni ng. Clicks are most 

noticeable during the cooler pcriods of the year and day. They do not 
interfere with reception as extens1vely as grindcrs, unless the ìnco1ning 
signals happen to be vcry wcak. . 

. The interference of grindcrs may be clirninated satisfact.orily by 
'Veagant's t-wo-acrial systcm, but to do a\vay with the "jamn1ing" 
of both grindcrs and clicks, hc devised a three-aerial arrange1nent ·which 
has proved vcry satisfactory. 

It may be \veli to inention bere that one reason why the former at­
tempts to eliminato static interference have proved unsuccessfu1 was due 
to the belief generally hcld that the frequency of the static currents in 
receiving antennae diffcrcd from tbc frcqucncy of the signal. 'Veagant 
has proven eonclusively that the static currents partake of the frequcncy 
of the antenna system \Vhatevcr it may happcn to be, and hence .any 
attcmpt.s to utilize si1nple balancing circ~its outside of those used in the 
system dcviscd by Weagant prove fruitlcss. 

Obviously it is impossible to separate t\vo currents of the sa1ne fre­
quency in tho sarne circuit in any ordinary radio receiving syst.em. 
Ho"rever, by employing the principlc discovered by Weagant an inter­
f ering current of the san1e frequcncy but of different wave form than the 
desircd current can be balanced out n1ost cffecti vely. As \vill be pres­
ently understood, hc took advantage of the apparcnt vertical propagation 
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of static "'\vaves" as contrastcd \vith the horizontal propagation of \vireless 
waves to devise a systcrn 'vhcrcby the signal currents can be retained 
while the static curr~nts are a.nnulled. 

WEAGANT'S TWO-AERIAL SYSTEM~-The fundamental principlc 
may be cxplaincd by thc aid of Fig. 267. Let loops A' and B' be 
separateci onc-half \vavc lcngt.h frorn center to center and assurne that 
the arro,vs A indicate passing signa.J \Vaves. Then let the do\vnward 
pointing vcrtical arro\vs rcpresont vertìcally propagated static w-avcs. 
Evidcntly loops A' and B' are acted upon sì1nultancously by thc 
stati e waves, \vhereas any half cyclc of the signal \Va ve acts first on one 
loop and then on the other. That is \vhcn thc positive half of thc signal 
v.rave acts upon loop B', the negative half acts upon A'. 

Yerhcallg PrOfXXJOled StQf1c Waves 

i J ·1 l l l l 
Signa! 

1.Jto//c 

1 1 l I I l l l 
/()()p A~ StafJC 5/oliè .J~nal L ~ ,. • 00/Jo\ 
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I l-,~ l·J l -1' 

' 
A • • 
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~ .I 

01rect10rn of \ 
.. 

~;gnding 1WM 

I t, 

t 
l ·, 

1 - -·-· -! Stat1c 

I I 5'9'1'71 'L 
~~--~~--' ~ . -) 
Fw. 267. Showing t.hc fundamental principies of Weitgant's two~iteriat t!ystem for thc climination of the 

intcrfercnce of "grindcn1''-a typc of sta tic which apparently is propagatcd vcrtìcally. For amarour 
wave lengths en<:h loop ahould be 350 f eet in Jength. 

If no·w both loops are couplcd to a con1n1on detector circuit L-3, 
the efiect \V-ili be as f ollo,vs: The sta tic currcnts \Vili fio\\? in the sa1ne 
direction in both loops (as indicated by thc single pointed arro~rs) and 
in the particular ìllustration under consideration, v.rill go up through the 
coil ~-2 and do\vn through tbc coil L~l. The magnetic ficlds of L-1 
and L-2 are thus in opposition Btnd subst.a.ntially no static currcnts will 
fiow in the detecting circuit L-3. · 

The signaling currents in the t\VO loops, however, fiow in opposite 
directions (as indicated by the tv-to-pointcd arro"rs) and as a rcsult, the 
signal currcnt goes do\vn the coil L-1 and do\vn the coil L-2. Thcir 
e.m.f .'s add and if thc loops are spaced 72 \Vavc lcngth the signals wìll 
be twice as strong. as with one loop. · 

In practice L-1 and LM2 are the prhnaries of a gonio1neter such as 
described in Figs. 258 to 266, \Vhile L-3 is the inncr or rotating coil. 

I 
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To balance out static it is then only necessary to turn the rotating coil 
until a signal maximum is obtained, the bala.ncing being donc by thc 
goniornetcr itsclf. In onc position of the goniornetcr thc signals will be 
a rnaxiinun1 and the stati e intcrf crcncc a minirnurn. If the exploring 
coil is no"\v turned 90 °, the st.atic interfcrencc \Vill be a maxilnun1 and the 
signals a minimuni. 

One-half u~ave length sepctrat-ion of the loops ·w-ill gi ve the bcst resul ts 
but a general order of the result \vill be obtaincd with any spacing. For 
one-half '\Yave length separat.ion at 10,000 motcrs, thc distance from 
center to center of thc loops Fig.-267 should be 50001ncters=16,250 feet 
(approx. ) = 3 miles. 'fhc cntirc antenna systen1 '\Vili then be 6 miles 
long. Such an installation is no'v in operation at Lakcwood, N. J •t and 
the results secured are 1nost satisfactory. 

THE PRACTICAL CIRCUIT FOR THE TWO-AERIAL SYSTEM. 
-This is sho,vn diagran1matically in Fig. 268. Long single turn loops 
spaced from 5 to 15 feet bct,veen wires are employed. To iinprove the 
tuning suitable loadings L-9 and L-10 are inserted in the rniddlc of each 
loop. 

The balancing is clone in a goniometer L-1, L-2, L-3 like that of li'ig. 
258. The switches S-3 a.nd S-1 are provided so that the prirnary con­
dcnsers ma.y be connected in series or in parallel with the loops. s,vitches 
S-1 and S-2 are employcd to reverse the connections bet\veen the gonio-
1neter and the incoming leads. This is essential in order to obtain a 
satisfactory balance. 

Anothcr s'vitch S-7 is placed between the rotating coil L-3 of the 
gonio1nctcr and thc detector circuit. C-3 is a variable condenser con­
nected in scrics \Vith L-3. L-9 and L-10 a.re loading coils of 30 millihenries 
ca.eh for ). = 12,000 meters and 5 millihenrics for À = 6000 n1eters. Damp­
ing rcsistances of 1000 oh1us are son1ctilncs conncctcd in thc leads. 

The procedure for balancing out static currcnts is -as follows: First 
tune one loop to tbc dcsircd signal and then the other. Then rotate l.r3 
until the signals are a maxùnurn, and statica rninùnu.1n. Then to ascertain 
ifa better balance can be obtained try series or parallel goniometer tuning 
and rcversing the lea.ds~ 

THE TWO-AERIAL SYSTEM APPLIED TO AMATEUR USE.­
The arnateur with the sp~ce to erect thcsc ·loop aerials should be able to 
utilizc the \"\Teagant system to good advantage. The uppcr and lo·wcr 
\VÌrcs of the loops can be rnounted op. fence posts or perhaps permission 
can be obta.ined to erect them on loca.1 telephone poles or between trees. 
Thc upper a.nd lo\vcr \vires of a barped \Vire fence may be employed if 
t he fcnce lies in the proper direction for the station ·which it is desired 
to reccive. 

For x =200 tneters, the centers of the \Veagant loops ·should be spaced 
200 . 
2 = 100 meters = 325'; and thc 'v hole an tcnna system will be 2 X 325::::; 

650' long. A si1n1)le goniometer mf,ty be used f or bala.ncing purposes 
and no loadings will be required. Series gonio1neter tuning \vill perbaps 
providc a balance and hence the circuit of Fig. 268 can be considerably 
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simplified, by eliininating the s\vitches S-3 and S-4. The variable 
condensers C-1 and C-2 should be connected in place of the knife biade 
s\vitches S-5 and S-6. Thc rcversing S'\Yitches S-1 should re1nain. 

The experirncnter rnust remember that these loops posscss directional 
charactcristics and that for maximurn signals tbc plancs of loops inust 
point in the direction of the scnding station. Fair signals can, ho,vever, 
be obtained a.t. a considcrablc angle to the Ioops. But any sip:nal prop­
agated perpenùicularly to the planes of the loops '\vill not be heard even 
1vhen the loops are tuncd to resonance '\Ytth it. If thc relative phascs 
of the currents in t:wo loops are adjusted by thc scrie.s condcnscrs, the 
systetn can be made uni-directional receiving 'vith rnaxi1num intensity 
off cither end dcsircd.* ]:tor such ·work the loops should havc onc-quartcr 
w-ave length separation. · 

Thc necessary valuB for thc loadings L-9 and L-10 for }. = 200 meters 
are not kno\vn, but it is rccom1nended that coils of 0.5 millihcnry be 
(. dcd. lf thc tuning is not satisfactory ot her values 1nay be tried until 

larp resonance is securcd 'fhe coil~ should be of the air core typc 
aked in a waterproof con1pound. 

'fhe \Vorking circuit~ of the lVeagant three-aerial system are sho,vn in 
. 269. In this met.hod the tvvo loops are used in such a ·way that they 

1e bcen called a ''sta.tir; tank . '" T he Jnain ree e i ving aeri al i s a long low 
rizontcil wire 11-1, erected im1nediately underneath the loops. Thc 
' loops and the rcceiving aerial are coupled to a co1n1non detector 
ui t t.hrough sui table goniom ctcrs. The goniom eter w hi eh is con­

. .! ted bctwecn thc t'wo loops is adjusted to give static currents but no 
nals. The hodzontal receiving aerials on the othcr hand, picks up 
h stat-ic and signals. The sta tic currents generated in the static tank are 
n balanced against those in the receiving aerìal, leaving the signa.l currents 

iich are heard in lhe head telephone. Experimcnt proves that t.he static 
J.nk is a source of stati e currents genera.ted by both grinders and clicks. 
ence> both the grinder and click currents induced in tho recciving aerial 

1nay be balanced out and the sìgnal currcnts rctaincd. It is due•to the 
fact that thc static tank pìcks up some of the energy of both grinders 
and clicks that the three-aerial systcm is supcrior to the t'vo-aerial 
arrange111cnt. The Iatter is only effcctivc :n rcducing the interference of 
grinders. The three-aerial system is thc most perf ect stati'c eliminator 
yet devised as it permits reception at all timcs except during local 
ligh tning storins. 

UNDERGROUND AERIALS.- Thc long lo\v horizontal aerials used 
extensìvely by the U. S. Navy were first employcd by G. 1\tlarconi. 
Signals wcre received ovcr great distances. Zenneck's "\Virelcss 'rclcg­
raphyn reports· t.hat sin1ilar antcnnae ha.ve been used by Braun, l{icblitz 
and others. \Vcagant used thcsc aerials at Ne'v Orleans early in 1914. 

At present thc method is to bury thcse aerials tl\70 or three feet below 
the earth's surface. But thc mode of operation is the same if they are 
buried bclo\v or placed slightly above the earth's su1face. 

1"he f undamental idea of the underground acrial system is disclosed 
in Fig. 270 where two long horizontal acrials extending in oppositc 

*Fora morB comprehensive description of the Weagant system. see the author's report in the April ' 
And July, 1919, issucs of The 'VirelesB Age. 
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directions are laid below the surface of the carth. The receiving station 
is located n1id\vay bet·ween 'them. It is apparent that the electrostatic 
capacity of the underground 'vires in respect to the true conducting earth 
·plays an important part in their operation, so much so that these a.crials 
probably function as loops. This is substantiated by the observation 
that there is an optimum. length '\Vhich can be err1ployed fora given range 
of 'va ve lengths and that even the inaterial of the insula.tion covering the 
\Vire governs the optimu1n Iength. Expcrimcnters unacquainted '\\1 ith the 
facts have been given the hnpression that underground aerials give better 
signals than other types, but this is not true as ·will soon be found out by 
actual testA The signals are generaUy weaker than those obta.ined with 
antennae above the ea.rth and the sianal to static Tatio is not improved 
cxccpt through the balancing out effects obtained by tbc 'vave length 
separation of the t\vo a.erials. A sma11 frame aerial will give just a.s good 
results \Vith much lcss labo1· in in tallation. 

FIO. 270 . Showing the clispos.ition of underground aeria..ls and illustrating their electrostatic capa.city 
to earth. The eystem usu.e.lly cruploys tvfo aeTìals e"Jtending in. opposìte direr,tions, witll the Teceiving 
appara tua in~t.a.llcd at thc <:enter. 

Experiment indicatcs tha.t if tho system of Fig. 270 is employed for 
reception at \vavc lengths bct"wecn 450 and 1000 mctcrs, and No. 12 
d .r .cA i8 uscd, cach 'vire should be about 150 fcct in length. If standard 
20,000-volt high tension cablc is cn1ploycd the \VÌres should be ahout 
2501

' in lenath. In the first ca.se, the complete antenna system will be 
3001. long, in the second case 500'' long. 'Vhether or not the avcrage ex­
perimenter 'vill be inclined to dig a 500-foot. ditch is a mattcr on which 
the author 'vould rather not pass an opinion. 

Although thc receiving set is generally coupled to the centcr of the 
underground antenna system as in Fig. 270, a single 'vire grounded at 
one end n1ay be used as shovvn in ltig. 271. The series antenna con­
denser of Fig. 270 is usually · necessary f or maximum signals. 

For short "\Va ve lengths the finding of tbc "optin1um" length of the 
underground aerials- the 1engt.h for best signals-is a tedious job and 
must be detcrmined by cxperime11t. The procedure is to bury a 30Q ... 
foot high tension cable say 3', and bare the cable evcry 20'· for the last 
100'· to,vard tlie free end. The cable is hrought to the surface at each 
break and diffcrcnt lcngths tried until the bcst signals are secured. The 
optimum length varics markedly 'vith the nature of the soil and the size 
and insulation of the ·wirc. If tests indicate that the strongest signals 
apparcntly are to be obtained bet~"een t\vo breaks tho intervening 20-
foot length must be tapped at three. or four places and fu1·ther trials made 
for inaximuni. signals. 
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When the optimum length is thus f ound, the splices are t~ped and 
then vulcanized, or insulated in any serviceable way. The free ends 
must be particularly well insulated. The last two feet of the wire at the 
free end may be inserted in a rubber tube and filled with sulphur, or the 
ends may be vulcanized or coated with a good insulating compound. 
All "grounds" and "leaks" must be carefully avoided. 

UNDERGR.OUNO AE~.IM.: 

TO DE'TEC102 

Frn. 271. Genera~ly in t?e underground system two. aeriaJs are laid down in opposite directions, but in 
some cases a smgle w1re connected to earth atone end i~ used. · 

l-}.-------O
/RUEWIN~ ~'UllON · 

------~ 

l z. ) 

Frn. 272. For reception from all points of the compass severa! aerials covering six or eight directions 
should be laid down. 

As in the complete metallic loop system the plane of the underground 
aerial must point in the direction of the sending station. For universal 
reception, 8 points of the compass should be-covered as in Fig. 272 and 
switches provided for each pair of aerials. Or if the majority of stations 
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lie in a definite direction one pair of acrials may be laid dotNn in the plane 
of theso stat.ions . 1'hey should be accurately surveyed for any given 
transmi tting station. 

MARCO~\ V.T. 
• ---aa-:l. 

a .• <l-, 

Fta. 273. For ''stand by" operation with underground aeria.ls1 two aeria.1a are la.id down at a right angle. 
lf one runs north nnd aouth. the other should e~tend ea.st and west. 

A "stand-by" circuit is obtaincd by having one aerial at a right anrt;le 
to the other as in Fig. 273. Thus, if i\1 runs north and south, Az 
should ru n east and \vest. · 

For long ,\Taves bet\vecn 4000 and 15,000 meters, two 1200-foot acrials 
made of No. 10 or 12 d.r.c. \virc are uscd. Better signals are oftcn ob­
tained "\vith greater lengths up to 2400', which is usually the optimum 
length that can be employed. 1.,hc probablc reason for this is that a.t 
such Iengths, the capacity to earth is excessi ve, providing scveral pa ths 
to earth. Rogers, \Vho has conducted numerous cxperi1ncnts with t.hesc 
acrials, claims that t.he optimum lcngth n1ay be considerably incTcased by 
covcring the conductors 'vith mctaHìc casings at cqually spaccd inter­
vals. 'rhcse casings are not in contact hut they are connected to earth. 
They are 'vcll ipsulated fro1n thc acrial conductor. 

In comparing the practicability of underground aerials "rith common 
types, it beconi"es evident that only the a1natcur 'vho lives on a farm or in 
some isolated cornmunity ·will be able to use an underground aerial. 
Extensive ditch digging in congested areas is liablc to induce litigation, 
particularly if the ditch crosses two or three private propcrtics! The 
question to be settled is, which of the two undertakings involves the Ieast 
labor for reception at short \va ve lengths, the digging of a 600-foot ditch 
or the erection of a 100-foot ftat top aerial? 

\Vithout doubt, tbc small frame aerials erccted indoors \Vill appeal 
1nost to the ambitious experirnenter who desires to receive long dista.nce 
signals by an up-to-da.te 1nethod. 
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CHAPTER XIV 

LONG DIST ANCE RELA YS BY RADIO-\VAVE 
LENGTH OF HIGH POWER STATIONS­

GENERAL INFORIVIATION RE­
GARDING INSTALLATION 

GENERAL.-One of thc chicf pleasurcs of thc advanced experi­
mcntcr is the tra.nsmission of 'vireless telegrams ovcr grcat distances. 
rfhe despatch of 'vireleSS signals 'vith 10\V-pO\VCf scts and Stnall aerials 
over dista.nccs up to 1500 rniles indica.trs thc progressi ve agc in \vhich 
w·c livc. I1nagìne the effect of such a suggc tion 25 ycars ago! Only 
the most a.rdcnt drcan1er \VOultl ha ve du.red to chcrish such a theory. 
Y et, t.o-day mere boys are doing this \Vork ·wit.h npparat.us \Vhich thcy 
bave gencrally constructed thernselvcs. 

'rhe bcginncr ~nust rPalize, howcvcr , tha.t such long distance com­
munication Cftll on]y be effr~cted in th tcn1pcrate zone at DÌ~ht., during 
the favorablc n1onths Df t..he year. During thc day inueh g;rcator power 
inputs than those us ~d by an1ateur , tations are rr-quircd to est.ablish 
continuous connnunica.tion ovcr such dh;ta1H·es. The daylight range of 
a 200-mctcr set is lin1itcd to son1cthing likc 200 rniles, but at night the 
abovc mentioned <listan'"e of 1500 milcs hns heen cxceedcd .. 

SELECTION OF STATIONS AND PE~SONNEL FOR LONG 
DISTANCE RELAYING.- Usually t • tations \vhich nre kno\vn to ha ve 
donc consistent long distanee scrvice are seleeted for this \York. One 
organiza.tion has dividcd the U. S. into six sect.ions, know·n as the At­
lantic, Gulf, 'Vest Gulf, Central, R.ocky 1\Jountain, and Pacific divisions. 
Each section is undcr a division n1anager. 

Division managers appoint the assistant division n1anagers and the 
dist.rict superintendents. Applications for appointn1cnt to thc trunk 
line of thc organization are 1nade t.o the district superintendents, \vho 
have charge of all traffic arrangcrnent.s. The superintendents 1·eport to 
the assistant division ·managers, thc assistant division rnana.gers report 
to the division n1Q.nagers; and they, in turn, I'eport to tbc traffic manager, 
who is responsible t.o and reports to thc Board of Directors. 

The supcrintcndents form thc points of cont.act \vith thc gcneral 
men1bcrship of the 1eague. In a.ddition to this they see that local clubs 
are fonncd a.nd affilia.ted 'vith thc league in every to\vn of their dist.rict 
Y{ith a population large enough to warrant an organization. These loca.l 
clubs aim to hançllç loc~l t.raffic and to educate t.hc radio be inner Qf tilG 
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locality, that he 1nay be of greater value in the radio field and understand 
the proper opera.tion of bis station . ... The affiliation of these numbcrlcss 
radio clubs throughout the country \Yill build up an orga.nization large 
a.nd po,verful enough to offer determined and eff ective rcsist.ance aga.inst 
any future mcasures ,vhich interfere unduly \Vith arnateur radio work. 

N eedless to say t.he O\.vner of u rela.y station should be an expe1·t operator; 
capable of taking do\vn at least. 25 \VQrds per n1inut.e. Ho should be 
thoroughly familiar with the methods of handling traffic at Governmcnt 
and commerciai stations. I-le should kno\v the U. S. laws and the In­
ternational regulations; and should cnforce thern in· hìs ì1nmediate. vicinity. 
A ca.mpaign of cducation conducted by a. local ra.dio club is tbc rnost 
effective mcans of hnpressing the beginner \:vith the requirements of a 
law-abiding station. The relay station should conform to thc vi.rave 
lengt.h restrictions and n1ake sure that the po\vcr input does not cxceed 
that required by la·w, viz., ~ kw. nea.r Govcrnn1cnt sta tions and I k,v. 
a.t greater distances. 'fhe station should be ncatly \vired and installed 
in accordancc with thc undcrlvritcrs' rules. 

A thrce-sta.gc 1 vacuum tube set should be used for long distance 
reception. A rcgcncrativc set will serve if the dista.nce to be covered is 
not too great. 

The station should be equippcd \Vith a quick operating change-oi1er 
switch so that no unncccssary time is lost in changing from tra.ns1nission 
to reception. · 

Prolonged calling of stations should be avoided in thc dcspatch of 
traffic. Brìcf calls at short intervals \vill be just a.s effectivc. 1\T eedless 
repetit.ion of \Vords should be avoided except when ". ta.tic" interferencc 
is strong. Sending schcdules should be arrangcd in advance to be sure 
that the receiving opctator is at hìs post. 

Neithcr a relay station or a ''cross-town" station should "hog'' tbc 
air. All good opcrators ha.ve equa! rights but a beginner should ·"keep 
out" until he bccomcs an efficicnt operator. A "ten-\vord-a-mìnute" 
operator is a nuisance a.nd should net be allowed to operate bis set when 
loca.ted in the vicinity of a grca.t number of stations a.lthough thc Ia,v at. 
present pcrmit.s hirn to do so. 

A station whcn co1nmunicating no more than 5 or 10 milcs should 
never use full povvcr but should en1ploy the lo'\>vcst powcr consistent \:vith 
rcadable signals Tbc kcy should never be "'held do\vn'' for testing whilc 
othcr stations are \Vorking Attention t.o thesc suggestions \vill go toward 
1naintaining peace and harmony. Ahvays ''listcn in" before you scnd 
in arder to see what is going on and \Vhether or not your scnding \:vill cause 
interf erence. 

REGARDING . INSTALLATION.-All po\ver circuits should be 
placed in metal conduit or metal moulding and the outside ca.sing groundcd 
to earth. Protect.ive condcnsers should be placcd on thc po\ver lines. 
Trans1nitting aerials should never be erected ovcr po,vcr, light.ing, or 
telcphone ,vires, but ìf possible'- should be S'\vung at a right angle to them. 

'fhe po1ver circuìts of the radio trans1nitter should be connected up 
\VÌth No. 10 or No. 12 r.c. ,vin~, thc secondary circuit \vith No. 16 or 
18 wire. The primary cìrcuits should be equipped \>Vith appropriale 
fuses. The antenna. lcad-in \Yires should equal iu çoncluctivity tbc flat 
top ~ortiqr~ of th~ a.c:rial ~ 
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Receiving scts may be wired up \Vith No. 18 annunciat.or wire. There 
is no advantage in having more than two wires in the receiving aerial. 
Thc transmitting aerial should have at least four whes. Two-foot hard 
rubbcr or bakelite insulators should be used at either end of a transmitting 
acrial. 

WAVE LENGTH OF HIGH POWER STATIONS.-At the present 
\Vriting thc 'va ve length namc and call lctters of activc high powcr statìons 
are as f ollo\vS: 

Ca[] 

XDA 
GB 
NWW 
OUI 
mo 
LCM 
NPM 
UA 
NDD 
POZ 

NPL 
NFF 
MVV 
YN 
NSS 

NAA 
NBA 
NAB 
NPO 
NAO 

NPA 
NA~ NP 
NAW 
NAR 

NAT 
NPC 
NPG 
NAV 
NPV 

BZM 
BZR 
BWP 
BXY 
BYC 

FL 
MFT 
FCI 
TSR 
VKT 

NAA yc 
MM 

Wave Lengths 

4 ,000 
7,500 
9,800 

10,500-15,000 
ll,000 

11,500 
8,100-11,000 

ll,500 
9 ,200- 13,600 

12tC'iOO 

9,800-13,360 
13,600 
14,000 
15,500 
16,900 

6,000 
7,000 
S,700 

12,000 
4,.700 

7,600 
5,700 
5)000 
4,500 
6,500 

5,.500 
5,ZSO 

8,600-4,800 
5,250 

6,00Q-3~000 

5,000 
5,000 
Z,000 
5,000 
4,500 

10,000 
6,000 
6,500 

7 ,000-5,000 
2,200 

2,500 
12,000 
6,100 

• 

Locati on 

Mexico City, Mexico ........................... . 
Giace Bay, Nova Scotia .......... . .. . . ..... ... . 
Tuckertont N. J ........................ . . .. . ... . 
Eilvesei Germany . . . . . ........................ . 
Rome~ IWy ... , ..... . , ..... - , .. , . , .................. ~ .. 

.Stavenger, Norway . . ........... . ............... . 
Pead Harbor, Hawaii. .... . .. . ................ . 
Nantes, France ... ... .. , .. . . ................... . 
Sayville, L. I. . . . . . . . . . . .. .. . .. . ... . . ......... . 
Nauen, Germany ....... •... ... .... .. ........... 

San Diego. Cal . ... ..... . ..•................... . 
New Brunswick1 N. J, . . ....................... . 
Carnarvon, Wales .. •. ........ ... ............. ... 
Lyons, France .......... . .... ............ ...... . 
Annapotis, Md ..•.................. . . . .......... 

Ailington, Va . , . . ,. . .. . . , .. , . , , , .. , ......... , .. . 
Balboa, c.. Z . , . . , .. . . . ... . . . . . , . , , . . ... . . . . . . . . . . . 
Boston, Mass . . . . . . . . . . .................... . 
Cavlte, P .. l . . .... . , . .....•. •..... ......... .... 
Charleston, S. C ...•......... . .. .. ... ........... 

Cordova. Alaska , . . . . . . . . . • • • . ••............ 
Great Lakes, IU . . . . . . . . . . ............. .. . 
Guam, Mareanna lslands . . . .. ........ . . .... . 
Guantanamo, Cuba .... . ... . .... . ..... .. ..... .'. 
Key West, Fla ... . . . . . ..... .........•.•..... . .. 

New Orleans, La . . . . . . . ..................... . 
Puget Sound, Wash . .. . . . . . . . . .............. . 
San Francjsco. Cal . . . . . . ..... . ............... . 
San J u~ Porto Rico . . . . . . . . . . . . . . • . . . . . . .. . 
Tutuila, ~amoa . . . . . . . . . . ................ .. . . .. . 

St. Johns. Newfoundland ............. ......... . 
Bermuda, W. I . . . . .......... .... . . .. . .... ... . 
Punta Delgada, Azores . . . .. . . ... . ...... . . ..... . 
Hong Kong, China .. . . . . ..... . .. ... ..... .. . ... . 
Rorsea, England .. _ . ............. . .... ....... . 

Ei.Jiel Tower, Paris . . . . ....... , , , . . , . ~ ......... _ . 
Chfden, lrefand ... ......................... . . . . 
Co?tano1 ltaly . . • . ..• ... .... . ..... . ... ..... . 
Petrograd, Russia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Naura. Pacific Ocean .....•....... . ... .. .... ... . 

Arli.ngton, Va., U. S. A. (Time Signals). . . . . . . . . . 
Funaoashi, Japa..n. . . . . . . . . . . . . _ . . ........ . 
JavaJ Dutch East Indies . . . . . . . .... .. . .. ; ... . . 

These data are subject to change. 

Chara~teristics 

Damped 
Damped 
Undamped 
Undamped 
Undamped 

Unda.mped 
Undamped 
Undamped 
Undamped 
Undamped 

Undamped 
Undamped 
Undamped 
Undamped 
Undamped 

Undamped 
Undamped 
Undamped 
Undamped 
Undamped 

Undamped 
Undamped 
Undamped 
Undamped 
Undamped 

Undamped 
Undamped 
Undamped 
Undamped 
Undamped 

Undamped 
Undamped 
Undamped 
Undamped 
Undamped 

Undamped 
Da:in.ped 
Da.mped 
Damped 
Damped 

Damped 
Damped 
U ndamped 

l•'w. 274. Ta.ble of w&ve le.ngths covering the more important high power sta.tions now i.o operation~ 

TOOLS.~The first essential tools are a. pair of 6-inch pliers~ two 
or three sc1'e\v drivers of diffcrcnt sizes, a soldering torch, an electrician's 
knife, a soldcring iron; a small \Vrench and a pair of "nippers." A band 
drill with an assortment of small drills is very useful. Other tools will 
be added from time to time. 
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APPENDIX 

USEFUL INFORMATION CONCERNING 
MARCONI V. T.'s 

Tbc follo-,ving summary n1ay be of benefit to the a1na.teur cxperi· 
menter 'vho is doubtful rega.rdìng t he exact valucs of the coYpling re­
sista.nces to be u ·cd in cascade amplifiers 'vith thc l\.Iarconi \T. T., and 
w ho desires to kno\v under 'vhat conditions the rcsista.ncc coupled 
a1nplifier is supcrior to transformer coupling, etc. It. is bolicvcd that 
the f ollowing data \vill clcar thc matter in ali its det.ails. The experi­
n1enter should bear in mind that :&.larconi tubes a.re sold in t\vo grades, 
kno~vn as Class I and Class II. 

(I) For extremely high a·mplifica.tions u ing five valves or more, 
successive valvcs should be coupled through 1·esìstances. 

(2) For radio frequency amplification \Vith rcsistancc coupling (which 
iB practical for wave Jengths above 3000 tnetcrs, but it is of no value for 
200 meters) a coupling rcsistance of ~ nwgohm should be ernployed . . 

(3) For audio frequency amplification the coupling resistanccs should 
be of 2 1negohms. Thcsc \vill providc a voltage amplification factor of 
7 for each tube, and the method is of practjcal value up to 7 stages of 
a1nplification. A total ainplification of (71) or 823,543 will be obtained. 

(4) For two-sta.ge a.mplification, transformcr coupling is desira.ble, 
particularly on short \\7ave lengths. 

(5) Using t."to stages of audio frcqucncy amplification with trans .. 
· former couplings, an arnplification of 400 ·wìll be obtained. Three 

stages of an1pli.fication are practical \Vith transfonner couplings, pro­
vided thc filamcnt currents for each tube a.re regulated by rhcostats 
to prevent "ho\vling.'' 

(6) Using Class II ìvlarconi tubcs in conncction with one of the 
Federai Company's audio frequency transf onncrs 1 a volta.ge amplifica­
ti on of 20 is obtainable. 

(7) \Vhen using Cla.ss II M~lrconi V. T .'s, grid leaks of 2 mcgoh1ns 
each, should be connccted to the grids and the positive side of thc fila .. 
inents. 

(8) Using class I J\·Ia.rconi V. T.'s, grid lcaks of 2 megoh1ns should 
be connected bet\veen the grid and either the positive or negative ·side of 
the filarnent, depending upon the part.icular tube in use. The correct 
connection is readily f ound by experiment. 

(9) Class II J\la.rconi V. T .'s rcquire a plate battery of 60 ... 80 volt.s 
for arnplification and 45 volts for detection, 
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i' , USEFUL TABLE FOR DETERMINING THE \NAVE LENG'TH, 
FREQUENCY AND OSCILLATION CONSTi\NT OF 

RADIO FREQUENCY CIRCUITS 

>. = \va ve-length in meters. 

).i = \Va ve .. }ength squared. 

n = number of oscillations per second. 

O = .J L C and is called the oscillation constant. 

e = capacity in microfarads~ 

L = inductance in·cent1meters· (l 1000 cms. = 1 microhenry). 

D = difference of Le for 1 meteT. 



- ·- - . -· ,._ 

-o 
À À2 n or LC D 

I ··Ftc 

I 400 r6o,ooo 750000 6.71 45.03 .23 
410 168,100 731700 6.88 47.33 .237 

" 420 176,400 714300 7.05 49.70 .228 
430 184,900 697700 7.21 51.98 .248 
#0 193,6oo 681800 7.38 54.46 .254 . 4"50 202,500 666700 7.55 57.00 .26 
46o :211,6oo 65220q 7.72 59.6o .265 
470 220,900 638300 7.89 62.25 .255 
48o 230,400 625000 8.05 64.Bo .277 
490 240,100 6122(X) 8.22 67.57 .282 

500 250,000 6ooooo 8.39 70.39 .288 
510 200,100 588200 8.56 73.27 .277 
520 270,400 576900 8.72 76.04 .299 
530 280,900 56<5ooo 8.89 79.03 .305 
540 291,6oo 5556oo 9.o6 82.o8 .31 I 
550 302,500 . 545400 9.23 85.19 .. 317 
56o 313,6oo 535700 9.40 88.36 .303 
570 324,900 . 526300 9.56 91.39 .328 
580 336,400 517200 9.73 94.67 .334 
590 348,100 508500 9·90 98.01 .340 

6oo 36o,ooo . 500000 ro.07 IOI.4I .324 
610 372,100 49i800 10.23 104.65 .35 
620 384,400 483900 10.40 lo8.15 .358 
630 396,900 476200 10.57 111.73 .362 
640 409,6oo 486800 • 10.74 Il 5·35 .346 
650 422~500 461500 10.90 J 18.81 .373 
66o 435,6oo 4546oo II.07 122.54 .38o 
670 448,900 447800 I I .24 126.34 .385 
68o 462,400 441200 I I.4! 130.19 .391 
690 476,100 4348oo I 1.58 134.IC? .373 

700 490,000 4286oo 11.74 137.83 .403 
710 504,100 422500 I I .91 141.86 ~407 
720 518,400 416700 12.08 145.93 .414 
730 532 t900 411000 12.25 150.07 .394 
740 547,6oo 405400 12.41 154.01 .426 
750 562,500 400000 12 58 158.27 .430 
76o '" 577,6oo 394800 12.75 162.57 .426 
770 592,900 3896oo 12.92 166.83 .443 
78o 6o8,400 3846oo 13.09 171.35 .432 
790 624,100 3798oo 13.25 175.57 .453 

800 640,000 375CX>O 13.42 r8o IO .459 
810 656,100 370400 13.59 18469 .46.:i 
820 .6721400 365900 13.76 18g.33 .472 
830 688,900 361400 13.93 19405 .448 
840 705,f>OO 357100 14.09 198.53 .482· 
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850 . 
722,500 ·352900 14.26 203.35 .489 

86o 739,600 3488oo 14.43 208.24 .493 
870 756,900 3448oo 14.6o 213.17 .46) 
8&> 774,400 340900 14.76 217.86 .504 
890 792, 100 337roo 14.93 222.90 .51 I 

900 810,000 333300 1$.IO 228.01 .516 
910 828,100 329700 15.27 233.17 .492 
920 846,400 326100 15.43 238.09 ·527 
930 864)900 3226oo 15.6o 243<~6 .534 
940 883,6oo 319100 15.77 248.70 .538 
950 902,500 315800 ~ I 5.94 254.08 .545 
96o . 921,6oo 312500 I 16. I I 259.53 .518 
970 940,900 309300 16.27 264.71 .567 
98o 96o,400 306100 r6.44 270.38 .552 
990 980,100 303000 r6.6I 275.90 .567 

. , 
l()(X) 1000,000 _300000 16.78 281.57 .543 
IOIO 1020,100 297030 16.94 ~87.00 .570 
1020 . 1040,400 294120 17.I l 292.70 .590 
1030 106o,900 291260 17.28 298.6o .590 
1040 1081,600 288450 17.45 304.50 .6o 
1950' I 102,550 285710 r7.62 310.50 .56 
1o6o I 123,00o 283010 17.78 316.10 .61 
10]0 ) 144-,900 28o370 17.95 322.20 .61 
Io8o 1166,400 27778o 18.12 328.30 .62 
1090 I 188,100 zz5230 18.29 334.50 59 

-
I 100 1210,000 272730 18.45 340.40 .63 
IIIO 1232,100 270270 18.62 346~0 .64 
I 120 1254,400 2678.c;o 18.79 353.10 .64 
1130 1276,900 265480 18.96 359.50 .65 
1140 1299,6oo 263150 ~g.13 366.00 .61 
1150 1322,500 26o86o 19.29 372.10 .66 
1100 1345)6oo 258610 19.46 378.70 .66 
1170 1368,900 256400 19.63 385.30 .us 
118o 1392,400 254230 r9.8o 392.10 .67 
1190 1416,100 . 252100 r9.97 398.80 .64 

-.. 
1200 1224,000 25<XX>O 20.13 405.20 .6<) 
1210 1464,roo ~47930 20.30 412.10 .6g 
1220 148~,400 ~45900 20.47 419.00 .70 
1230 1512,900 243900 20.64 426.00 .66 
1240 1537,600 241930 ·20.8o 432.00 .71 
1250 1562;500 240000 20.97 439.70 .72 
!200 1587,6oo 238ogo ;21.14 446.90 .72 
r270 1612,900 236220 2I.JI 454.xo .()g 
128o 1638,400 234370 ' ;z r.47 46I ~QO .73 
1290 1664,100 23256o 21.64 468.30 .74 
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1300 1,690,000 23076o 2I.8I 475.70 .74 
1310 I ,716,<XX> 229010 21,98 483.10 ·75 
1320 r,742,400 227270 22. rs 490.6o .72 
13.30 I,798,900 225500 22.31 497.Bo 75 
1340 1,795,6oo 223870 22.48 505~30 .77 
1350 1,8~21500 222220 22.65 513.00 .78 
136o 1,849,6oo 220590 22.82 ~ 520.8o .73 
1370 1,876,900 218970 22.98 528.10 .78 
138o 1,904,400 217390 23.15 535.90 .79 
13go 1,932,100 215830 23.32 ,43.8o .8o 

1400 1,gé)o,000 21438o 23.49 551.8o .So 
1410 1,988,100 21276o 23.66 559.So ·?Ù 
1420 2 ,016,400 21126o 23.82 567.40 .81 
1430 2,044,900 209790 23.99 575.50 .82 
1440 2,073,6oo 208340 24.16 583.70 .82 
1450 2)102,500 2o69oo 24.33 591.90 .79 
146o 2,131,6oo 205470 24.49 599.8o ,.83 
1470 2,16o1900 20408o 24.66 6o8.10 .84 
1480 2,190,400 202700 24.83 616.50 .85 
1490 2,220,100 201340 25.00 625.<.?Q .Bo 

1500 2,250,000 20(X)OO 25.17 633.50 .81 
1510 2,280, roo 198680 25·33 641.6o .86 
1520 2,310,400 19736o 25.50 650.20 .88 
1530 2,340,900 l96o70 ~s.67 659.00 .87 
1540 2,371,6oo 1948oo 25.84 667.70 .83 
1550 2,402,500 193540 26.00 676.00 .&) 
156o 2,433:'6Jo r923ro 26.17 684.90 .&) 
1570 2,464,900 191o6o 26.34 6g3.8o .90 
1580 2,496,400 18986o 26.51 702.80 .90 
1590 2,528,100 188670 26.68 71 i.So .86 

' 

16oo 2,56o,ooo 187500 26.84 720.40 .91 
1610 2,592,100 186340 27.or 729.50 .92 . 
1620 2,624,400 185190 27.18 738.70 ~93 
1630 2,656,900 184050 27 .. 35 748.00 .93· 
1640 2,689,00o . 182930 27.52 . 757.30 .&) 
165ò 2,722,500 181820 27.68 766.20 .94 
166o 2t755,6oo . 18o730 27.85 775.6o .g6 
1670 2,788,900 179640 28.02 785.20 ~94 
168o 2,8~2,400 178570 28.19 794.6o .91 
16go 2,856.,100 177510 28.35 ~3·70 .97 

1700 2,890,000 x7646o 28.52 813.40 .97 
1710 2,924,100 175440 28.69 823.10 .98 
1720 2,958,400 • J74420 2&86 832:90 .93 
1730 2,992,900 173410 29.02 842.~o ·~ 

' 
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r740 3,026,6oo 172410 29.19 852.00 I.00 

1750 3,o62,500 171430 29.36 862.00 I.00 

176o 3,og7,6oo 170450 29.53 872.00 I.00 

1770 3,132,900 169490 29.70 882.10 .95 
17&J 3,168,400 168540 29.86 981.60 I.02 

1790 3,204,roo 167(5oo 30.03 90x.80 .92 

18oo 3,240,000 166670 30.20 912.00 1.03 Il 

1810 3,276,100 165750 30.37 922.30 1.04 
1820 3,312,400 164840 30.54 932.70 .98 
r830 3,348,900 163940 30.70 942.50 LOS 
1840 3,385,600 r63040 30.87 953.00 I.04 
1850 3,422,500 16216o 31.04 963.40 I.06 
I86o 3,459,()00 161290 3 I.2I 974.10 I.00 
1870 3,496,900 150430 31.37 984.10 1.07 
188o 3,534,400 159370 JI.54 994.8o I.08 

1890 3,572, 100 158730 31.71 1005.6o I.o8 

1900 3,610,000 r57&Jo 3r.88 101.6.40 I.02 

1910 3,648,100 157o6o 32.04 1026.6o I.09 
1920 3,686,400 156240 32.21 1037.50 I.IO 

1930 3,724,900 i55440 32 ·35 1048.50 r.14 
1940 3,763,6oo 154630 32.55 1059.90 1.07 
1950 3,8o2,500 153840 32.72 io70.6o LOS 
1900 3,841,6oo 153o6o 32.88 108r.ro I.12 
1970 3,880,900 15228o 33.05 1092.30 I.12 
198o 3,920,400 151510 33.22 I 103.50 I.14 i 

3,960,100· 
. 

1990 150750 33.39 I I I4.90 1.07 

2000 4,000,000 150000 33.55 I 125.6o r.rs 
2010 4,040,100 149250 33.72 1137.10 1.25 
2020 4,o8o.400 14~520 ' 33.89 l 149.6o 1.05 
2030 4,120,900-. 14778o 34.o6 II6o.IO I.16 

2040 4~166,6oo 147o6o 34.23 117 I.70 I.IO 

2050 4,202,500 146340 34.39 I 182.70 I.I/ 
:2o6o 4,243,6oo 145630 34.56 l 194.40 r.18 
2070 4,284,900 144930 34.73 12o(i20 I.I8 

2o80 4,326,400 144230 34.90 1218.00 I.I8 

2090 4,368,100 143540 35.07 1229.80 I. r4 

2100 4,410,000 I42850 35.23 1241.20 I.:20 

21 IO 4,452,100 14218o 35.40 1~53.20 1.21 

2120 4,494,400 i415ro 35.57 1265.30 I.21 
2130 4,53,6,900 14o840 35.74 r277.40 I. 15 
214.,0 4,579,(500 140i80 35.90 1288.90 I.22 

2150 4,622,500 139540 36.07 130!.lO I.23 

2100 4,665,600 I3888o 36.24 1313.40 1.23 

2170 4,7o8,900 138240 36.41 • 1325.70 I..24 

2I8o 4,752,400 137610 ··36.58 1338.10 l.17 

2190 4,796,100 1j6g80 36.74 1349.Bo I.26 
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2.200 4,840,000 13636o 36.91 r362.40 r.25 
2210 4,844,100 r35740 -B·7.o8 1374.90 1.26 

2220 4,928,400 J35IJO 37.25 1387.50 r.19 
n 2230 4,972,900 r34530 37.41 1399.40 r.28 

t ! 2240 5,017,6:>o 133930 57 .. 58 1412.20 I.29 
:>250 5,o62,500 133330 37.75 1425. IO I.29 

-2200 5,107,000 132740 37.92 1438.00 1.22 
"i '7 5,152,900 r3216o 38.08 1450.20 1.29 .... 2 o 
28o 5,198,400 131570 38".25 1463.ro 1.31 ... 

I3I000 38.42 1476.20 r.31 ':'J. o 5,244,190 

--
~ -'300 5,290tooo· 130430 38.59 1489.30 I.31 -

IO 5,336,100 129870 38.76 1502.40 ·1"'32 
20 5,382,400 129310 38.93 1515.6o 1.25 

~30 5,428,900 128750 39.09 1528. to 1.33 
"340 S 141.S-~6oo r28200 39.26 154r.40 1.33 
~350 s~s~2,500 12766o 39.43 1554.70 I.j4 

6o s~s&J,6oq 127120 39.6o 1568.10 I.27 
370 5,6l6,900 12658o 39.76 158o.8o I.37 

i38o 5,644,400 126o50 39.93 1594.50 1.35 
( ,, ~90 5,712't100 125520 40.10 r6o8.oo t.45 

00 5,76o~ooo 125000 40.27 r621.8o 1.45 
~~-

~4!0 5J8o8,IOO t~448o 40.45 1636.30 1.21 
~ 2420 5,856,400 123900 40.6o 1648.40 1.39 
; 2330 5,,904,900 123450 40.77 ì662.30 i.38 
' 2440 5,953,6oo 122950 40.94 1676.ro 1.39 

2450 6 .. 002-,500 122450 4-1. I I 1()()0.00 1.33 
246o 6,051,6oo 121950 41.27 1703.30 I.40 

2470. 6 .. 100,900 121450 4i.44 1717.30 r.41 
248o 6, r50,400 r2()()6o 41.64 17Jz.40 1.40 
2490 6,200,100 1204&> 41.78 !745.40: 1.43 . 
2500 6,250,000 I2CX>OO 4r.95 17.59~70 1.36 
2510 6,300~100 119520 42.IJ 1773.30 1.42 
2520 6,350,400 r19050 42.28 . 1787.50 1.45 
2530 6,400,900 11858o 42.45 18o2.oo 1.44 
2$40 6,451,6oo tt8I20 42.62 1816.40 r.46 
2550 6,502~500 117650 '• 42·79 r831.oo 1.38 
256o 6,553,600 r17190 42.95 1844.8o 1.46 
2570 6,5e4900 116730 .. "~ 43.12 1859.40 1.46 
258o 6,656,400 I 1628o 43 .. 29 1874.00 1.47 
2590 6,708,100 115830 43.46 1888.70 1.39 

200o 6,76o,ooo r1538o 43.62 1902.6o 1.49 
2610 6 .. 812,100 114940 43.79 1917.50 r.48 
262o 6,86~400 114510 43.96 1932.30 t.51 
2630. 6;916,900 114070 . 44.13 1947.40 1.42 . . .. 

r 

-
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2640 6,96g,6oo I 13640 44.29 1961.00 1.50 265p 7,022,500 1132'10 44.40 1976.00 r.51 266o 7,075,6oo 11278o 44.63 1991.70 1.53 2670 7,128,900 112360 44.So 2007.00 1.53 268o 7,182,400 r11940 44.97 2022.30 1.43 269o 7,236,100 111530 45.13 2036.6o 1.54 
2700 7,290,000 lIIIIO 45.30 2052.00 1.54 

2710 71344-,IOO r10700 45.47 2o67.40 1.56 
2720 7,398,400 110290 45.64 2o83.oo I.47 
2730 7,452,900 r098go 45.80 2097.70 1.54 
2740 7,507,600 109490 45.97 2113.10 1.58 
2750 7,562,500 IG<)<X)Q 46.14 2128.90 1.58 
276o 7,6r7J6oo ro8700 46.31 t.48 • 

2144.70 
2770 7,672,900 1o8300 46,47 :2159.50 1.57 
;278o 7,728,400 107920 46.64 2175.20 1.59 
2790 7,784,100 107530 46.81 219!. IO 1.59 .. 

28oo 7,840,000 107140 46~98 2207.00 1.6o 
2810 7,896,100 1o6760 47.15 2223.00 I.62 
2820 7,952,400 to63&> 47.32 2239.20 r.52 
2830 8,ooS,900 1o6o10 47.48 2254.40 1.62 
2840 8,o65,6oo 105630 47.65 z270.6o 1.63 
2850 8J122,500 10526o 47.82 2286.90 1.62 
286o 8,179,6oo .IQ4&)0 47.99 2303.10 1.54 
2870 8,236,900 104530 48.15 2318.50 L64 
288o 8,294,400 104170 48.32 2334.90 1.64 
2890 8,352,roo 103810 48.49 2351.~o r.50 

2900 8,410,000 103450 48.66 2366.30 I.So 
2910 8,468J100 103090 48.83 2384.30 r.47 
2920 8,526,400 102740 48.99 2399.00 1.77 
2930 8,584,900 102390 49.16 24r6.70 r.69 
2940 8,643,6oo' 102040 49.33 2-t33.6o 1.67 
2950 8,702,500 101700 49.50 2450.30 r.58 
296o 8,761 ,6oo lOI_JSO 49.66 24fXi.ro I.t)g 
2970 8,820,900 IOIOIO 49.83 2483.00 1.70 
29&> 8,88o,400 1CX>66<:> 50.00 ~00.00 r.71 
2990 8,940,100 100320 50.r7 2517.00 1.61 

-

3000 9,000, (X)() 100000 50.33 2533.20 I.6g 
3025 9,150,625 99170 50.75 2575.6o r.71 
3950 9,302,500 98500 5r.17 2618.40 . J.72 
3075 9,455,625 9756o 5r.59 2661.50 L74 
3100 9,6.Io,<X>O 96770 

f 
52.01 2705.10 r.75 

. 

' 
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3125 9,765,625 96ooo 52·43 2748.90 1.76 
3150 9,922,500 95230 52.85 2793.10 1.78 . 
3175 IO,o8o100$ 94490 53.27 2837.So 1.79 

. -
3200 10,240,000 93750 53.69 2882.70 1.8o 
3225 10,400,625 93020 54.I I 2927.90 i.83 
3250 10,562,500 92310 54.53 2973.70 1.83 
3275 10,725,625 916oo . 54.95 3019.6o i.84 
3300 10,890,000 90910 55.37 3o65.8o - I.87 
3325 I I,055,625 90220 55.79 31 I2.6o 1.87 
3350 I I,222,500 89550 56.21 3159.50 I.go 
3375 I I,Z8o,625 888go 56.63 3207.10 1.90 

·-
3400 I I,56o,OOO . 88230 57.05 3254.8o · ·1 .. 86 
3425 11,730,625 87590 57.46 3301.6o 1.93 
3450 I I,902,500 8696<> 57.88 3350.00 1.95 
3475 12,075,625 86330 58.30 3398.go 1.96 
3500 12,250,000 85720 58.72 3448.00 . 1.98 
3525 12,425~625 85100 59. 14 3497.50 1.99 
3550 12,6o2,500 84510 59.56 3547.40 2.01 

3575 12,78o,625 89310 59.98 3597.70 2.01 

3600 12,96o,OQO 83330 6o.40 3648.10 2.03 
3625 . 13,x40.?2s 82750 6o.82 3699.00 2.04 

3650 13,322,500 82190 61 .. 24 3750.20 2.07 
J67S 13,505,625 81630 61.66 3802.00 2.07 

J700 13,6go,ooo 8IO<JO 62.o8 3853.Bo 2.0<) 

372 5 13,875,625 8o540 62.50 3go6.20 2.10 . 

3750 r4,o62,500 80000 62.92 3958.So 2.12 

3775 • 14,250,625 79470 63.34 4012.ocJ 2.16 . 
• 

38oo 14)440,000 78950 63.76 4o65.oo 2.16 
3825 14,630,625 78430 64.18 4119.00 2.16 
3850 14,822,500 77920 646o 4173.00 2.20 . 

3875 15,015,625 77420 65.02 4228.00 2.12 ' 

3900 15,210,000 7{930 65 .. 43 428 I .00 - ~· 2.20 

3925 15,4osjt>zs 76440 65.85 4336 .. 00 2:,24 
3950 15,6o2,500 75950 66.27 4392.00 2.24 .· 
3975 15,Boo,625 75470 66.~ 4448.00 z .. 24 . 

4000 16,000,CXX> 75000 67.I I 4504.00 2.28 e 

i 

4025 16,200.625 74540 67.53 4561.00 2~24 . 
4050 16,402,500 74o8o 67.95 4617.00 2.32 

j 4075 16,6o5,625 73620 68.37 4675.<.)0 2.28 l 

: ' 
4.100 16,81otooo 73170. 68.79, 4732.00 2.32 

I - • --· 
" 
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. 4125 i7.o.J5,005 72730 6g.21 4790.00 2.32 
4150 17,222,500 72290 6).63 4848.00 2 32 
4175 17.4Jo,625 71850 70.05 4907.00 2.36 

4200 17,640,000 71430 70.47 4966.00 2.40 
4225 t7~850,625 71010 70.Sg 5026.00 2.36 
4250 18,062,500 70590 71.31 5<>85.00 2.40 

4275 18,275,625 70180 71.73 5145.00 2.44 
·-

4300 18,490,000 0Cj770 72.15 52o6.oo 2.40 
4325 18,705,(>25 6)370 72.57 5266.00 2.48 
4350 18;922.500 68wo. 72.99 5328.00 2 .40 

4375 19,140,625 6858o 73.40 5388.00 2 52 

19,36o,ooo 
. 

68190 73.83 4400 5451.00 2 .40 

4425 19,58o,625 6]8qo 74.24 551 J.00 2 .52 

4450 19?'8o2,500 67420 7+66 5574.CJO 2 .52 

4475 20,025,625 67040 75.oS 5637.00 2.52 

~ - . 
4500 20,2 50,000. (:15670 75 .50 5700.00 2 56 
4525 .20,475,625 66300 75.92 5764.00 2.52 

4550 
\ 65940 76.34 5827.00 2.6o 20,702,500 . 

4575 20,930,625 65580 76.76 5892.00 2.6o 

46oo 21, 16o,CX>O 65220 77.18 5957.00 2.52 
4625 21,390,625 ·64870 77.6o 6o20.oo 2.68 
4650 :2 I ,622 ,500 64520 78.02 6o87.oo 2.64 
4675 21,855,625 64170 78.44 6153.00 2.64 
4700 22,ogo,000 63830 ~ 78.86 6219.00 2.64 
4725 22.325;625 . 62490 ·79.28 6285.00 2.68 
4750 22,562 ,500 6316o 79.70 6352.00 2.68 
4775 22 ,,8oo,62 5 62830 8o.12 6419.00 2.64 

( 

48oo 23,040,000 62500 ·8o.53 6485.<)0 2.72 
4825 23,28o,625 6218o 86.95 6553.00 2.72 

4Bso 23,522,500 6186o 81.37 6621.00 2.76 
4875 23,765,625 61540 S-1.79 669o.oo 2.76 

4900 24t0 I O,CXX> "61230 82~21 6759.<)0 ~.7~ 
4925 24255,625 6oc)10 82.63 6828.oo 2.7t> 
4950 24,502,500 6o610 83.05 6897.00 2.So 
4975 24,750,625 6o300 83.47 6967.00 2.84 
5000 25,0(X),OOO 6oooo 83.8') 7038.00 

. 

, 
-. 
. 
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, ACQOlRtNG THE.COOE 
"'"'"~~900( 

FOff BtGIM MERS ltl ltADIO The Title T ells Half 
The Story 

The other half is that 've bave made 
available f or you Greatly Amplified and 
improved, the methods used in the quick 
training o f operators duri ng the \var. 

Paper. 29 Paa-cs, 

llluatrated. 

If you \vant to learn the code quickly 

Price SOc. 

Now a word about 

BUY THIS BOOK 
Sa tisf act i on Gu ar an t eed. I f 

the book don't please re­
turn it in five days and 

get your money 
back. 

The WIRELESS AGE ,- - - - - - - - - - - · - - - - - - -

While \Ve try to keep . 
I 

up with the demand I 
• 

f or copies, so many 1 

• 
new f olks ha ve been l 

\VI RELESS PR ESS, I~c . 

DEPT. Il 

326 Broad way, New York. Date __ ~ - - - - - - - __ • __ • 

H ere ìs $ ... _. _ _ _ _ _ _ _ _ _ _ _ _ Order is checked below. 

buying i t, every issue 
I 

I 
is quickly sold out. I 

The one sure \Vay 
I 
I 

to get your copy is to I 

"Acquiring the Code~' Acquiring 
and 

one year's subscription the 
to 

The Wfreless Age Code 
$2.75 50c 

Poataic outdde U. S. 50e. 

send us yoursubscrip- I 

tion. The coupon at 
r 
r Name _____ ··- ____ ... --- .. - - - ... . _ .. - - - - - - ______ - - ____ ..... ~. 

the right makes it easy l 
I 

• 

Street----1----------~--- --~···-· ---~--------·--·-·-

and saves you money. J City __________________ ____ __ .... State __ ._ ... __ _ ........ __ 

I 
I Cali _____ ........ ·--- .. -- - ... - -
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THESOUND METHOD FOR 
MEMORIZING THE CODE 

F or success in telegraphing the let~ 
ters must be learned by the sound. 

Each letter has a distinctive cadence 
or rhythm which is easily memorized 
by a f ew hours" practice. 

The charts attached give the key to 
the rhythm of each letter of the tele­
graph alphabets. lt forms no picture in 
the stud enf s mind, but instead a sound 
is memorized, like a bar of music. 

The chart is particularly valuable in 
l earning to recei ve, w hich is many 
times more difficult than learning to 
send. An hour a day devoted to memo ... 
rizing the distinctive rhythm of each 
letter will enable the student to send 
or receive a message in a f ew weeks. 

The beginner is strongly advised not 
to practice with charts or books which 
show the actual d ots and dashes. 
Once a picture of each letter i s f ormed 
in memory it will be found difficult to 
send or receive in the telegraph alpha ... 
bet•properly~by sound. 

WIRELEss~ PRESS, INC. 
DEPT.B 

326 Broadway, New York 
Copyright. 1921. Wireleu Presa. lnc., N. Y. 

o 

Study the Code Anywhere 
THIS NEW WAY 

of Learning the Code 
is the easiest, quickest and most thorough ever devised for 

learning without instruments. 
If you want to learn the code---
If you want to ~'cinchn the signals you can't remember easily­
lf you want to help some one else leai:-n the code -

GET ONE OF THESE CARDS 
Donrt try to teach the Ears through the Eyes 

This system teaches the signals as they come through the Head Phones 
Contains both Continental ·and American Morie-- · 

Printed on Celluloid-Fit Y our Pocket 
PRICE 50c. 

Special Combination-SOUND METHOD and WIRELESS AGE-one year $2.75 
· Po.stage ontside U. S. 50c. e:i.tm 



The WIRELE5S AGE 

The one magazine devoted to 

the ''Wireless Art'' that meets 

your expectations . . 

In la ying out the edi torial policy of th is magazine \Ve 

bave kept in mind at all times the f act that after the ''incu­

bation peri od," the radio enthusiast \vants the f acts relative 

to the new steps in this field, presented to him in an easily 

understood but thorough style. 

The real stu den t finds \\' hat he ':van ts \V henever ·an y 

important developn1ent occurs,-a ne\.v discovery made-or 

an extension made in the commercia! end of radio- he knows 

that a thorough description, carefully wrìtten and easily under .. 

stood, 'vill soon appear in . THE vVIRELESS AGE. 

That is why, year after year, our su bscribers rene\v their 

AGE subscriptions and \vhy, as soon as an amateur grows 

out of the raw beginner's class, bis nan1e appears on our list. 

THE WIRELESS AGE deliver1 the goods 100% 

25c. a copy. $2.50 per year 

{Po$ta.ge outaide of U. 5. 50c. Extra.) 

WIRELESS PRESS, Inc. 
" DltPT. 8 

326 BR.OADW A Y 

......... - - -- -- - -- -



You 
"Just Listen 
and Learn" 
The CODE From 

Marconi-Victor 
Wireless Records 

A con1plete set of Code 
Instructfon Records for priv­

ate study. 
A scries of progressive les­

sons provides elemeotary and 
advanced instruction for 
everybody who want to know 
what the · dots and dashes 

mea.n. 
Records made by a code 

expert of years of practical 

expe1i.ence. 

. 

MARCONI, VICTOR COURSE 
IN WIRELESS TELE6RAPHY 

wm give yon the practice in 
eode work you need to gct a. high 
rating when you go up for e.xallU\. 

Juat what you need to develop 
yo,ur apeed In recei vlng. Every. 
thmg COYered !rom a.lpbahet to 
Preas 'tvith intcrt'erence and tee 

! etter code ·words. 
•• They'ro 

great.' 1 

BRIEF SUMMAR Y OF RE,CORDS 
Lesson 

No. Title 

1-lntern ational l\:f orse Code an d Con­
ventional sigrial s. 

2-lntcrnational ~1orse Code, etc., 
continued. 

3- Ea.sy sentences and periods. 
4--Easy sentences and periods. 
5-~1arconì Press, South 'Vell fieet 

station. 
6-l\Jessages with static interference. 

' 

Lesson 
No. Title 

7-Press with static. 

8-~l essages with erasures, etc. 

9-Press with interference fro1n 
second station. 

l o- Goups of figures. 

11- Ten-Jetter dictionary 'vords. 

12-Ten-letter code words. 

A set of six double-faccd Victor Records 1 con1plcte in a container 'vith 
' 

instruction manual. Now at old price of $5.00 per set . 
. 

WIR.ELE,SS PR.ESS, Inc. 
DEPT. B 

Q' ; .. -_ ~ 326 BROADWAY NEW YORK ·cITY 
f 
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Tltle Anthor Prlce 
Pra.etleal Wireless Telegraphy ••••.••.•.•• , •• , ••••.....•.•. , ••••..••••• Eln1er E. Bu<!her $2.25 
Vat:uum. TuhP.!' ln 'Virele~s Communlcatfon ••••.••.•.•..•.•.••...••.•.. Elmer E. Dncher ,.'el5 
\Vir~Jesl!j Experbnenter's l\fan 1ud •.••.•..••.••..•••..•. • .•••• , . , ••.••.••• Eimer E. llucher 2.215 
How to Fa.ss U. S. Govt. Wireless License Examlnations .••. ,, •.••..•• Elmer E. llucher .75 
How h> Con,luc·t a Radio Club .............•..••.••••.•••••.•••.•••• , .Elmer E. Bucher • 75 
The Al"xa:qdenion Systen'l for Ra•lto Telegraph and Ra<Uo Telephone 

Trans.:rnlsEilon •••••• , •..•.....••••••.••.•••••••.•••••••••.••••••••• Eim~r E. Bucher t.2lli 
r.ractica.1 Amat~ur \Vlreles9 Statfone--ComplJed by J. Andrew "\Vltlte, Editor of Wirf'-

lest1. Age ....................................................................... • • ••• • • • • 
Radio Teleplwny ..•.••••••.•..•..•....••.••..•............... Alfred N. Goldsmlth. Pll.D. 
Prevared Itacllo l\1easuremP.'Ilt!4 ..•..•••..•••••••..•••.•••...••..•.•.•••••• R. R. :Bstcher 
Radio In8tr11menttt and 1\fea,snrements ••.••••..•.•.•.••••..•.•..•.•.••.••...••.•• ,. .•....• 
ElE"rnentary 'Prlnelple8 of '\V1refo~g Telegraphy (in two -volumes) •.•...•.•. R. D. ltangQ.y 

Volume 1 ........ . ................. "' ......................................... • .... " .•.. 

.'Hr 
2.SO 
2.00 
1.'70 

1.75 
l' o I um e 2 • • • . • • • • . • • • • • • • • • • • • • • • • • • • • • ... ,. • • • • • • • • • · • .. • .... • • • ...... · • • • • • •• • •••• • •• • • 1. '15 

Acqulrli11r tlie Cofle ... • .......•.•..•.• •. • •. •" • .......... I ...................... E. P. Gordon .no 
Sottnd l\lethod o t J ,P,a.rnlni;:- the Code ..................................... J. A ndrew WhUe .:SO 
Practfoal Avtation (lnclncling eonlttructfon and operation) ..•• ~1\[ajol.' tT. Andr~w Whlte Z.2~ 
l\lilitary Signa.I Corps 1\Ia.nnal. .........•...•.••.••.••.••••.•.••• ~Injor J. Andrew Whlte 2.25 
uwhat Y ou W 1Ult to Say and How f·o Sa.y Jt .......................... , • BY W. J. Her11a.11 

In French:t or Spa.n11th1 or ItaUs.n. or G erman. . • . • • . • . • • . • • • • • • • • • • • • • • • • • . • • • • . .. • .215 
In Russlan •.•.......••.•••• ,. ........ ,. •.• ,. ,. .......... , ....................... • .. · • . • • • • • • .50 

'.rbermionic Tuhe!J In Radio 'I'elegraphy nnd Telepbo11y .•.•.••••.••..•. J. Scott Tait~art 8.00 
Contlnuous 'Va.ve 'Vlreless 'I'el&graphy ••••••.•••••••.• ••• ••••..•••...••.•. W. H. Ec~le8 8.00 
Prlnclples of Radio Commnnicatlon ..•• , ••••.••• , •. , . , .•..•••••...•••••• J. H. '.:\loroorott '7.50 
'\Vireless Telegraphy an d 'I'elephony ••••• ~ •.•••••.•• , , ...................... ~. B. Turner '7.{)0 
Wi"foss Telegraphy:-With Special Refer~nce to Qn.mcbed Gap Sy1tem •..•.••• Leggett 12.00 
Prlnclples of Radio Engineering ...............................•..... Lauer and Brown 3.00 
Spa.ntsh Edltlon, Elementary Principles ot Wlreless Telegraphy (complete). R. D. Bangay 3.2~ 
Thermtonic Vacuum Tubes .......................•.....•..••.•••••...•....•. Van der BUI ~.00 
Thermionlc Valve nnd Ita Development in Ra.dio Telegraphy and Telephony.J. A. Flemiirg ~.00 
The Oscillatlon Valve, The Elementary Prlnclples of Its Appllca.tlon to 

Wtreless Telegrapby ......••••.•.•.••••.•..••••• , ••.••.•••• , . , •.•.... R. D. Ba ngay 2. 75 
Tele12_hony Without \Vlres ........•....••...........•...•..•..•..•...• Phllip R. Coursey fl.00 
Tbe W!reless Telegraphlsts Pocketbook of Notes. Formnlae and Calculatlon!.J°, A.. Flemlng 3.M 
Wlrelesli 'reJegraphy and Tclephony. Ji1trst Prlnclples. Pre~ent 

Practlce and Testtng .•••... , .-.................. . .................... ,. .H. M. Doweett 8.50 
Hnnd bo ok ot Tecb.nlcal In structlons :t'or Wlreless Telegraphists 

J. C. llawkbend and H. M. Doweett 2.l'>O 
Spanlsh Edltlon Ilnndhook of Techntce.1 Instructlons •••••••••• Hnwkbea.d and Doweett S.00 
Standard 'l'a blcs and Eqnattons ln Rad lo Telegraphy .•.•.••••.••••.•.. Bertram Hoyle 3.25 
WJr~less Transmlsslon ot. Photogra.phs .....•.•...•...•••.•.••••••••••• Marcus J, Ma.rttn 2.00 
Calculn.tlon and Measurement ot Inductance nnd Cnpacity ..• , ......... , W. B. Nottagé 1,76 
Short Course in Elemen ta.ry Mn tbematlcs and Thelr Appllcatton to 

\Vlrelese Telegraphy .•..•.••••••.••.••.• , ....•.•.••• -................... . S. J. W1111s 1. 'l:J 
Selected Stndles ln Elementnry Pbysle11 (A Handbook tor the 

\Vlrelees Student and .A..mateure) •• , •.••••••••• · ............................. E. Blake 2.00 
Magnetism and Eleetrlcfty tor Home Study •••• , •••••..••.•.•..•.•••..•.• H. E. Penrose 2.26 
Alternat.ing Current Work CAn Ontline for Students ot Wlreless Telegraphy) A. M. Sbore 2.00 
Pocket Dlctionery <>f Tecbn1cal Terms Used in Wlreless Telegr.aphy •••••. Harold Ward 1.00 
Useful Notes on Wlreleas Telégraphy (set ot flve books), (paper) ...•.. B. E. Penrose 2.00 

Bo ok No. 1.-Distrlct Carrent. 67' pagee. . . . • • • • ... • . . • • . . • . . . • . • . • . . . • . . . . . • . • . . . . . . . .m 
nook No. 2.-Alternntlng Cnrrent. 50 pages •....••.•.....•.•.•.•.•... :............. .ro 
Rook No. 3.-Hlgh Frequeney Current and Wave Productlc>n, M pages .......... , .60 
Book No. 4.-1 % Kw. Sblp Set1 76 pages ..•..•..•..•.......•.••••.•...•••. , • , • • • ,00 
Rook No. 5.~he Osclllatlon Vtuve, 52 pa.ges ..... , ........... , ..••..•.....•.••.• ,. .M 

My Electrtcal Workshop .•..•.••••............•...••.••.•...••••.... , .Frank T. Addvman 2.M 
Expertmental Wlreless Statione ............................................ P. E. Edèiman 8.00 
Hlgh Frequent Appa.ratus, Design, Constructlon and Praetlcal AppUca.tlon .• T .. S. Curda 8.00 
Textbook on Wireless Telegraphy ........ , ................................ Rupert Stanley 

Volume · 1.--<leneral Theory nnd Practlce.. • • . . . • . . • • . • . . . . . • • . • . . . • . • • • . • • • • . • . • • • • ~.00 
Volume 2.-Valves n.nd Vnlves Appa.ratus .•....•.....•..•..•. , •..•..•.....•.... ,.. ts.00 

How to Make a Trnnsforme'r tor Hlgh Presenre ..•...........•.•.•.•.•.. , •. F. E, Ansttn .7ri 
How to Make a Trn.nsformer tor Low Preesure ..•.•.•.•.•.•••••.•.•.• , •. · •• F. E, Aostln .7o 
The Operati on of Wlreless Telegrapby Appara.tua ..•........ .-.,, .•..... ,., •.•. A. B. Cole .35 
Wlrel~ss Constructton and Installntlon for Begtnners., •.•.•• ,, ••• , •.•• , •• A. P. Morge.n .35 
Lessone 1~ . Wlreles$ Te~egra.:ti l)y ..•..••• , •••.••....•..•.••..••••• , • , . , •••••• A. P. Morgan .M 
Experlmental Wlreless Constrnctlon .•••..•..•...•. ~ ........... , • ~ , , •.•••.••. A. P, Morgan .3t5 
Homo l\.lnde Toy l'Iotors .................................. ~., .• ,, ......... , •• , .A. P. 1tlorgnn .85 
Hawklns Prnctical Library <J! Electrlcity. 10 volumes ..•.•.•...•..•.•...•... Per volume 1.00 
Ha wkf ns Electrlcal · Dlc.t1onary ................ , ......................... ·• .. . • . .. . . .. ... • . .. . . . . . . • . 2.00 
Marconi· Vlctor necor_ds--:-6 Records-12 L~ssons-For Learnfng Code Qutckly........ 5.00 
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/, The 

~ National Amateur 
Wireless Association 

fou11dtcl to promote th• liut mtereab of Radio C11:u:muuicati11a 11 mon1 Wireru, Amatnu i11 .Amuic:a 

extends a cordial invitation to ali amateurs and clubs to 
affiliate with a forward moving organization of amateurs 

GUGUEMO MARCONI. Prea. 
J. ANDREW WHITE/ Acting Presideut HARR Y L. WELKER. Secretary 

Headquarten: 328 BROADWA Y, NEW YORK. Room:303 
Nation .. l Advitory- Boal'd of Vice Pre.ident a 

Prof. Arth'W" E. Kennelly. Harvard Univer11ty.J f Prof. AlfredlN. Goldsnùth. College of the City of New 
Yotk. R~ar Admira.1 W. H. C. BullardLiU. S. N.t Dkector of Na.nlCommunications. Maj. Gcn. 

G. O. Squier. Chief Signal Offi.cer • S. A:rmy. Prof. Charl~ R. Croas. Maaa. lnstitutc 
of Teclmology. Elmer E. Buchcr, lnstructjng Eni;rinccr. 

The N. A W. A. was the first amateur national organization in the 
country. 

It stands for all that is progressive-for evecything that will benefit 
the cause of amateur radio. 

Big programs; big broadcasting events; co .. op eration bet wecn ama .. 
teurs and officia! W'ashington. 

JOIN NOW 

Y ou should be a member of the organization that is doing real 
things for the advancement of amateur radio. Y ou will want to know 
what we are going to do next-what th~ programs will 'be and when we 
are going to do it. 

W e want you with us-we want to feel that we ha ve the biggeflt and beat list of 
activc mcmhcra that can be enrolledt so that when our big e.vents come oJf we havc a ll 
the .. ieliahle1h we need to make more amateur history. 

Y earlJ" Due•. $2.50. Thi.s foducle.r. 1ubscription to our officiai orea:n, T li E WI~ El E SS A CE. 

11.PPLl<S11.TION BL:JINK 

NA TIONAL AMA TEUR WIREI.ESS ASSN •• 
326 Broadway. Room 301. New Yorki 

Date ....... 4 • •• • , , •••• " , ......... , .. .... ... ...... . .. . 

Here·s my $2.50. Count me in on the good work. 
Signa ture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .. . . . . . . . . . . . . . . Age ........ . 
Sueet Address... . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Call ........ . 
T own and State .................... , .. , .................... , ... , ...... , ~ .. , .. , ............... . 

FILL IN ANSWERS TO THESE QUESTIONS 

1. Have you a Govetnment License (give number .............. )or do you 
propose applying for one? ............................. , ......... , .................. . 

2. lf you ~re under 21 years of age, give names of 2 adults for refer­
ences as to character: 

Ref erencc ..... , . . . . . . . . . . . . . . . . . . Address ...................... , ...... . 
Ref erence .... ' ............. ' ............................. e • e ••• e ••••• 4 •••• I ••• 

3. lf you are a member of any Locai State or lnterstate wireless club or 
association give its name and name of the Secretary. with_ address 

···············~······················· ............................................................. . 
4~ Are you·· now a subscribcr to The WIRELESS AGE Ì : .......... ......... . 
5. Describe brieff y your equipmen t •.•..•.•....•.................................• 
...... ................................... , ... , .......................................... ........ . 
. . . . .. . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . .. - .. . . . . . . . . . . .. . . . . . .. . . . . . . . . . ................ ' ............. . 
. ' 
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