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AUTHOR’S NOTE

It 1s an error of statement to characterizc the whole army of wireless
experimenters in the United States as mere “amateurs.” Hundreds of
men, young and old, who have been classed as wireless amateurs are in
fact physicists of the highest calibre. They find experimentation in
radio not only an instructive mode of recreation, but many of them
engage in the work with serious intentions hoping thereby to contribute
their mite towards the general progress of the art. That many have
made good in that respect is a matter of historical record.

The amateur wireless cxperimenter is no longel considered a menace.
His status is now settled. He proved his worth in the recent European
conflict as Government officials have publicly acknowledged. The
amateur radio expert today is recognized as a safeguard against possible
future emergencies. He has the backing of Ameriea’s foremost scientists,
the good will of the Army and Navy, and the commercial company secs
in him a potential engmeer or expert operator.

Wireless Telegraphy is an all-embracing art. It covers in some
degree the fields of the chemical, mec hanical and electrical sciences.
No young man can engage qerlouqu in wircless experimenting without
becoming a keener and more intelligent individual of greater value to the
community. The amazing growth of the amateur fratermty during the past
decade is one of the outstanding developments of the twentieth century.

In the following pages the author has endeavored to acquaint the
beginner with recent and past practices, laying particular stress on latter
day developments. It i1s hoped that the brief treatment of the ele-
mentary theory of wireless transmitting and receiving apparatus will he
meditorial to more intensive study of the basic principles. Although
many suggestive designs of radio transmitters and receivers are presented
the reader should -recognize the possible latitude of variation from the
fundamental idea, and use his own initiative in altering the mechanical
details or even in devising new methods to accord with the material he
has at hand.

The author has attempted to point out the particular types of ap-
paratus and circuits most sutted to the amateur station. The vacuum
tube transmitter and receivers have been given more than the usual
attention. Representative circuits for long distance reception are shown
and for the first time data on closed loop aerials for indoor reception is
disclosed. Simple but important radio measurements, such as the
amateur may carry out with a wave-meter and associated apparatus,
have been explained. It is hoped that the amateur will investigate the
direction finder and make use of it for both long and short distance
communication.

Another field for intensive experiment is the application of recently
developed static eliminators to amateur communications. Here, so far
as the amateur is conecrned, is an untouched sphere.

For a more compmhenswc treatment of the mathematical theory of
-radio design many text-books are available which the reader should
consult from time to time. If the experimenter by perusing this volume,
gains a better understanding of the equipment he has at hand, or is
enabled to construct apparatus that, herctofore, he did not undelstand
the book will have fulfilled the author’s desire. o
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- CHAPTER 1
ADVICE TO THE AMATEUR

It is generally conceded that amaleur wireless telegraphy had 1ts
beginning in the United States. In fact the pursuit of the hobby has
-become so widespread that there is hardly a village or hamlet in which
there is not at least one trailing antenna to show the popularity of the
art. In all places where amateur wireless telegraphy has made a niche
for itself the advantages of forming a radio club are sooner or later
recognized and then arnses the question, ‘“How shall we go about it?”

A radio club should be educational, instructive, and productive of
advancement in wircless, for it 18 quite poseublc that some of its members
will, in time, develop mto radio engineers or become connected with
allied branches of the art. In any event the members of radio clubs
will never regret the training they will receive by jolning wireless organ-

. izations.

It was not found feasible in preparing this book to treat separately
the technical requirements of the organization and individual members;
consequently the following pages will be devoted largely to instructions
for the amateur at his home station as well as for the club. The forma-
tion of a radio club generally follows the rise and stimulation of individual
interest. Moreover the knowledge gained at home is bound to benefit
the members of the club organization as a whole.

Thus, we will first offer advice for prospective wireless elub members
and deseribe the procedure for the formation of an organization, then
give a detailed account of a serics of experiments with radio transmitting
and receiving apparatus.

PRELIMINARY EDUCATION.—It should be kept in mind that an
interchange of signals between two amateur stations will not be allowed
unless the owners possess United States operators’ license certificates and
station license certificates. 1t is obvious that the prospective amateur is
not qualified to take the examination for an operator’s license without
preliminary code and technical training.

1
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IFig. 3 shows a buzzer, head tclephone and key connected up for
code practice; Fig. 4 another system for practice by several club members
simultaneously which differs from Fig. 3 in that a motor is employed to
generate the telephone signal; and Fig. 5 represents a more elaborate
plan where two tables, one for the instructor, and the other for the pupils,
are connected to a buzzer. The complete wiring is shown.

In Fig. 3 a line for the head telephones is shunted across the buzzer
contacts with a 2 microfarad condenser K’ connected in series. The
latter can be purchased from any telephone supply house. The buzzer
B is energized by the one or two dry cclls.  The pupil’s key (not shown)
is shunted across the main key K, so that the receiving operator can
interrupt or communicate with the instructor.

To imitate the note of a 500 cycle transmitter the buzzer should be
adjusted to interrupt the current, say, 1000 times per second. Any buzzer
may be adjusted to emit a high pitched note if the elastic spring contact
on the armature is fastened directly to the iron., The buzzer itself will
not make much noige, but a very clear and, perhaps, loud tone will be
obtained in the telephones. Some buzzers are notoriocusly erratic in
operation and most difficult to keep in continuous adjustment but there
are several continuously operative types, sold by electrical supply houses,
which are very dependable.
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Frc. 4. Code practice circuit employing s small motor to generate signal currents.  The bead telephoncs
with 4 1 or 2 mwfd. condenser in series sre shunted acrosa the brushes of the motor,
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Fig. 4 shows the preferred system for code practice. The telephones
P-1, P-2, P-3 are connected across the commutator of a d.c. motor and,
as usual, a condenser €' of about 2 microfarads is connected in series.
The voltage fluctuations across the brushes produce notes in the tele-
phones that cqual the best buzzers, with the proper type of motor.
Some motors rotate at such speeds that the voltage fluctuations pro-
dueced by the commutator are above the practical limits of audibility for
the ordinary telephone. With such types a series rheostat should be
placed in the line to reduce the speed and, consequently, the frequeney
of the telephone current.

Many types of motors are suitable for generating artificial radio sig-
nals, particularly small fan motors. Motors fitted with rocker arms are
especially desirahle as the piteh and the volume of the tone may thus be
casily regulated. The voltage or the power of the motor is immaterial.
A 1% h.p. motor will encrgize a dozen or more head telephones.

The diagram in Fig. 4 shows scveral separate code praetice cireuits
connected in parallel. They are intended for classes of different speeds.
Such an arrangement is cssential for a mixed class and a circuit of this
type ought to be installed in the radio club headquarters for use of the
members.
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Fia. 5. Wiring diagram of a code practice table for cluss instruction. Call letters of well known stations
are assigned to cach position,

Fig. 5 requires no detailed cxplanation as it is an extension of Fig. 3.
The reader should note the position of the shunt variable rheostat R
which may have a maximum rcsistance of 100 or 200 ohms. It is used
to regulate the strength of signals. Radio studenis should be taught to
read weak signals as not all wireless telegraph transmission is conducted
by strong signals. Representative call letters have been assigned to
the various student positions in Fig. 5 in order to imitate conditions as
they exist in actual service.

Numerous other deviees and circuits for code practiee have been
suggested or developed. For example the telephones, with a econdenser
of one or two microfarads capacitance connected in series, may be con-
nected to the terminals of 2 110-volt d.c. cily supply mains. The fluctua-
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tions of the line voltage are usually of sufficient intensity and of the
proper order of frequency 1o give a note of fair piteh in the telephones.
A telegraph key is connected in series with the telephones for signalling.
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Fra. 8. A small high frequency generator for the production of artificial radio signals.

A small high frequency generator, such as is shown in Fig. 6, has been
employed. A detailed explanation is not essential. The lower magnet
M is fed with d.c. from the city mains and the revolving iron spider
closes the magnetic circuit through magnet A-1, periodically. The
motor should rotate 3600 r.p.m. to obtain a note of high pitch.

Ordinary telegraph keys are employed in all the foregoing code prac-
tice circuits.

TIMELY ADVICE.—The beginner should not attempt the more
elaborate fields of wireless experimentation until he is skilled in the
simple methods. Once proficient in the code, he should purchase or
construct a recerving equipment of elementary design. Since a license is
not required for a receiving station the receiving aerial may bc within
reasonable limit of any dimensions desired. Here again, the experimenter
must be guided by a scnse of the fitness of things. He requires an ele-
mentary knowledge of wireless technique.

The beginner should acquire an understanding of the elements of
electricity and magnetism if he wishes to operate his instruments to
good effect. In studying the principles of electricity the author recom-
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mends that the beginner immediately learn the difference between alternat-
ing current and direct current. He should familiarize himself with the
general conditions under which such currents are handled, particularly
such knowledge as will enable him {o judge when o circuit is overloaded and
what size fuse should be installed to carry a given amount of current.
The prospectwe amateur should learn the current- -carrying capacity of
various sizes of wire, thereby making sure that the power circuits at his
station will not become overheated.

He should then make a thorough study of the underwriters’ rules
concerning the installation of power circuits, with particular attention
to the rules for the ercction of wireless telegr aph apparatus. The under-
writers’ rules vary in different cities and a copy of them can easily be
obtained for reference.

Summing up the foregoing it will be seen that the experimenter has
prepared himself in two respects for amateur wireless work:

(1) Ie is able to telegraph at a fair speed and is therefore qualified
to interpret wireless signals.

(2) He understands the elementary principles of electricity and also
the fundamentals of radio telegraphy.

He 1s now fully qualified to embark on his initial radio experiments
and should begin with a simple receiving equipment. 'The author recom-
mends to the new-comer the simple two-slide tuner, connceted as shown
in Fig. 7.

A BEGINNER’S RECEIVING SET.—The set in Fig. 7 comprises

a single two-wire aerial, a two-slide tuning coil A B, having the sliding
contacts S-1 and S-2, a stlicon or galena detector D, a small fixed con-
denser ', (0.001 mfd. ) and a high resistance telcphone . Telephones
of less than 1000 ohms resistance are not recommended for use with
crystalline detectors. The turing coil A B should be 8” in length, 3” in
diameter, wound closely with a single layer of No. 26 s.s.¢. wire. The wire
may be bared for contact with the slider by means of a sharp pointed knife.

The condenser €' may be constructed of 12 sheets of tin foil 3" x 47,
scparated by paraffined paper, 6 sheets being connected in parallel on

each side. When properly stacked up the sheets may be compressed
tightly between two boards, connections being brought from the opposing
plates to appropriate bmdmg 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 length.

To place this apparatus in resonance with a radio transmitting sta-
tion, set slider 8-2 at the middle of the coil 4 B. Take the sharp-
pointed contact on the crystal D and touch lightly the crystal. Move
contact S-1 along the coill until signals are heard. After response is
obtained from some station move both sliders for louder signals and then
try a new point on the erystal 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 all do
not forget the importance of a good earth connection. Attach the carth
wire to the water pipes on the street side of the water meter. Make a
good solid connection and examine it from time to time to see that it is
not fouled.
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With a receiving set of this type the student has an opportunity of
becorming a keen observer of the manner in which eommercial and amateur
wireless telegmph traffic is handled and he obtains thus an cxcellent
preliminary education.

It is difficult to conjecture the recetving range of an amateur’s sct
without complete data In regard to the type of transmitting and receciv-
“ing apparatus in use and the local conditions surrounding both the
sending and the receiving station.

There are limits to the length of an antenna for use over a given
range of wave lengths. It is preferable in all cases for the rccciving
aerial to have a funda,mental wave length below that of the transmitting
aerial of the distant station in order that a sufficient amount of inductance
may be inscrted at the base for coupling to the detector eircuit.

Radio range is dependent upon scveral variable factors such as the
antenna current at the transmitter, the damping deercment, local ohb-
structions, absorption, diclectric losses, the type of receiving apparatus, ete.

An gerial comprising from two to four wires, 60’ in height by 70’ in
length, with the wires spaced 2’ apart, will have a natural wave length
of d,bout 160 meters, which is of the correct dimensions to be loaded by
the insertion of the funing coil (shown in Fig. 7) to a wave length of
200 meters. This aerial can be employed for the reception of longcr
waves say, up to 10,000 meters; with the vacuum tube detector eircuits
to be deseribed In another chapter.

i

ee—
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¥Fia. 7, A simple receiving set for the beginner. This ig suitable for reception from nearby transmitters
aud prow(f;a excellent code practice for the beginaer. All apparatus except the head telephones may
bhe coastructed by the experiwenter.
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However it should be borne in mind that an aerval having a natural
wave length of 600 meters is altogether too long for the reception of signals
from amatcur stations working on 200 mefers. While the wave length of
such an aerial system can be reduccd by a serles condenser to ncarly
onc-half its original value, it never can be cut down to a perlod of 200
meftcrs.

Having progressed so far in his wireless education, the student
should devote himself diligently to the use of the recciving apparatus,
and familiarize himself with the methods of communication employed
by amateurs and commercial stations. He will find that many amateurs
are accustomed to make use of abbreviated words of the Phillips code and
he should learn some of those commonly uscd in practice.

OSCILLATION DETECTORS.—It is safe to say that the amafeur
experimenter will cmploy one of four oscillation detectors, viz: the
carborundum, galena, or silicon rectifiers, or the three-electrode vacuum tube.

Galena and silicon crystals, while fairly sensitive, are difficult to
adjust and to maintain in a sensitive condifion. Carborundum erystals
are nearly as sensitive and tend to bold an adjustment over long periods.
These crystals are in fact extremely rugged and they are preferred above
all other contact rectificrs for use in stations where a nearby transmitter
is apt to destroy their scnsitiveness. The vacuum tube detectors are
extremely sensitive, they possess marked stability and will amplify
incoming radio 51gnals enormously.

There is no reason for the begmncr who has only been able to cover
from fiftecn to forty miles with his receiving apparatus to feel discouraged
when he hears other amateurs declare that they have received 200-meter
signals at a distance of 2000 miles or more, He should bear in mind
that reception over cxtremely great distances at 200 meters is only
possible at pight-time, during the months of the year most favorable to
long distance transmission. In the northern part of the United States
the favorable period extends from about September 25th to April 15th
of the following year. 'The questior as to what results can be obtained
with short waves and low power sets from the middle of April to the
latter part of September is problematical.

With the great development that has taken place in vacuum tube
amplifiers the amateur is now enabled to increase his range of daylight
transmission and reception very considcrably.

Many amateurs do not take into aceount the effect of local conditions
upon their transmitting and receiving range. For example: if the aerial
is loecated behind a steel building, in the tree tops, behind other struc-
tural steel work, or in valleys, signals from distant stations are not re-
celved as well or transmitted as far as with aerials which are erected in
the open country, free from obstructions, which would tend to absorb
* the energy of passing waves.

RADIO LAWS AND REGULATIONS.—The ~beginner should
familiarize himself with the general restrictions imposed by United
States legislation by studying a booklet entitled “Radic Communication
Laws of the United States and the International Radio Telegraphic
Convention,” which can be purchased from the Government Printing
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Office, Washington, D. C. This booklet gives full information con-
cerning the regulalions governing wireless operators and the use of radio
telegraph apparatus at sea and ashore.

The experimenter should first refer to the pages containing information
about amateur station licenses, ete, From these he learns that, when
cspecially qualificd and after at least two years of experience the amateur
may, in certain districts, secure a special license for an excepiional station.
Such expernmenters, of course, belong to the class of amateurs consider-
ably advanced in the art. In pa,ra,gmph 65 he finds that general amateur
stations are restricted In transinission to the wave length of 200 meters.
In the same paragraph it also is stated that if o station 1s located within
five miles of a naval station, the wave length for transmitting purposes 1is
limited to 200 meters and the consumplion of the power transformer to
14 kw. This station is sald to be in the restricted class. A general or
restricied amateur station must be in charge of an operator having an
amateur’s first grade or amaieur’s second grade operator’s certificate who
shall be responsible for 1ts operation in accordance with the United States
regulations. In fact this station must always be under the supervision
of a licensed man. For a receiving station, however, no license whatso-
cver 18 required.

Provisional licenses are issued to amateurs far remote from radio
inspectors. If, after actual inspection, such stations are found to comply
with the law fully, the term “provisional” is struck out and the station
is Indicated as having been inspected. Amateur station licenses and
amateur operator’s licenses hold good for a period of two years, when they
can be renewed. No fees are required for eilther license.

REQUIREMENTS FOR AN AMATEUR’S OPERATING LICENSE.
—In order to secure an amateur’s first grade license certificate, the
applicant must be famihar with the adjustment and operation of wircless
tclegraph apparatus. He must be familiar with the rules of the Inter-
national Radio Telegraphic Convention, particularly those concerning
the requirements in regard -to inter ference.  He must be able to transmit
and receive at a speed sufficient to recognize distress or ‘“keep out”
signals. To qualify for an amateur first grade license, he must be able to
take down telegraph signals in the international code at a speed of fen
words per minute.

For an amatcur second grade certificate the requirements are similar
to those for a first grade certificate, except that the former license is
issued to an applicant who cannot be examined. If amateurs, for valid
reasons, cannct appear in person and are able to convince and eatisfy
the government authorties as to their knowledge of the subject, a
license of this kind may be issued. If a license is secured the beginner
should purchase or construct a simple transmitting set.

WHERE TO TAKE THE EXAMINATIONS.—Operators’ examina-
tions may be taken at the following United States Naval radio stations:
San Juan, Porto Rico; Colon and Darien, Canal Zone; Honolulu,
Hawailian Islands, and at the United States Army station at Fort Valdez.
Alaska,
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Amateurs residing in Washington and vicinity may take cxaminations
at the Bureau of Navigation, Department of Commerce, Washington,
D.C. Examinations are also held at the radio inspectors’ offices in the
following cities:

Custom House, Boston, Mass.

Custom House, New York, N. Y.

Custom House, Balttmore, Md.

Custom House, New Orleans, La.
Custom House, San Francisco, Calif.
Federal Building, Chicago, Ill.

Federal Building, Detroit, Mich.

205 Citizens Bank Building, Norfolk, Va.
2301 L. C. Smith Building, Seattle, Wash.

Applicants should write to the examining officer nearest to their
station and sccurc a copy of formm 756, the application blank for an
operator’s license, and to the radio inspector for form 757 which 1s an
application for a license for a land station. Amateurs at points remote
from examinivg officers and radio inspectors can obtain second grade:
amateur liccnses without personal examination. I8xaminations for first
grade licenses will be condueted by the radio inspector when he is in the
vicinity of their stations, but special trips cannot be made for this pur-
posc. Persons holding amatcur second grade operating licenses should
make every cffort to take the examinations for an amateur first grade
license or higher.

LAND STATION LICENSES.—To secure a land station license the
applicant fills out a blank form on which he states the nature, type and
character of his apparatus. The authorities use this information in
making caleulations to determine the probable,wave length and range
of the set. In their final decisions they are not guided wholly by the
type of the set alone but by the local conditions surrounding the station
and the probable interference that it will set up. The license once
granted the beginner may communicate with other amateurs, happy in
the feeling that he has moved up a round on the wireless ladder.



CHAPTER 1I
THE FORMATION OF A RADIO CLUB

It is not dlfﬁcult for amateurs to get in touch with one another, as a
rule, for as soon as a4 new station has been crected and the owner beom\
to opezate his set other wireless cnthusiasts communiecate with hlm
Names and addresses, which arc among the chief requisites in the pre-
liminary plans for the organization of a radio club, can be ohtained easily.

HOW TO GET TOGETHER.—In a community which is without a
wireless organization the amateurs should “meet and compose a letter
inviting those in their neighborhood interested in the art who wish to
join a radio club to correspond regarding the subject. This letter should
be sent to the National Wireless Association, 233 Broadway, New York
City, with a request for its publication in The Wireless Age After it
has heen published a letter should be sent to prospective members of
the organization, giving the name of the place where the first meeting
of the club will be held and the date,

It i1s the purpose of the National Wireless Association to aid in
forming radio clubs m communities which lack them. Officers of the
organlza,tlons will be admitted to the couneil of the National Wircless
Association and arrangements will be made for the clubs to affiliate with
military companics as aceredited members and officers of signal corps
which plan to hold summer military encampments.

The following brief outline of the parliamentary procedure in general
practice will serve as a guide to amateurs. The outline for the con-
stitution for a radio club has been made as brief as possible, but nothing
essential has been omitted. No reference has been made to by-laws.
In reality they are amendments to the constitution and may be adopted
from time to time at the business meetings. Amendments generally
refer to the duties of committecs, enlarging or diminishing their powers..

TEMPORARY ORGANIZATION.—At the first meeting a femporary
organizalion—a preliminary step to a permanent or gamzatlon—should be
formed. One of the amateurs present should rise and suggest that a
chairman of the mecting be named. It is gencrally the custom to take
a quick vote, and if the majority agree on some onc individual he im-
mediately may be considered elected and should take the presiding
officer’s chair.  'This appointment should be given preferably to one of
those who aided 1n composing the letters to pro»pectlve members.

The chairman should be supported by a recording officer, whom he
may appoint directly. The recording officer, who is known as the

12



Parliamentary Procedure 13

secretary for the temporary organization, should make a complete record
of the proceedings of the meeting,

The chairman should then call the meeting to order. He should
deliver a brief address, stating the objeet of the meeting and inviting
diseussion on the %uhject

An amateur should rise, addressing the chairma (if he is not known
he should give his name) and be pelmltted to have full opportunity to
state his views—the possibilitics and mmpossibilities of the enterprise
under consideration and the advantage of taking active steps towards
forming a club. All of those at the meeting may voice their opinion
regarding the subject in this manner.

If the consensus of opinion shows that an organization 1s desired, 1t
is in order for one person present to present a resolution which, for ex-
ample, may be introduced as follows:

Amateur addresses the Chair: “Mr. Chairman.”

The Chairman acknowledges his right to the floor by calling his name;
“DIr. Smith.”

Mr. Smith, to the Chair: It seems te be the general wish of those
present tonight that a radio club be formed. I therefore propose that
active steps be 1aken at once for the formation of such a club among the
amateurs of this city.”

The Chairman repeats the motion to the audience, and says: “The
motion is now open for discussion.”

If no discussion takes place and no objcetion is offered, the Chairman
SAVS:

(1) ““All those in favor of the resolution respond by saying aye.”

(2) “‘All those of a contrary mind say nay.”

If the ayes and nays seem about cqual a vote by count should be taken.

Several committees may now be appointed. It is often customary
to appoint a Resolutions Committee first.  The members of this com-
mittee may be appointed dircetly by the Chairman, or, if those present
so desire, by a general vote.

It is the duty of the Commitiee on Resolutions to draw up a definite
statement, placing in the forin of a series of resolutions the general
desires of the founders of the organmization, The committec may with-
draw from the meeting in order to deeide upon the form in which the
resolutions are to be put to the chair and then ask that they be acted
upon by those present in the regular manner.

A second committee, to be known as the Commiittee on Nominations,
may be formed. The members of this committee may be appointed by
the elair if those present at the meeting so desire. It is the duty of the
members of the Nominations Committee to suggest or to place before the
meeting, for nominations, the names of amateurs for election as officers
of the permanent organization.

A third committee, to he known as the Rules and Regulations Com-
mittee, should be appointed. The duties of the members of this com-
mittee imelude drafting a constitution and by-laws for the permanent
organization.

Before the permanent organization is founded, a fourth committee
should be formed to determine the eligibility for membership of those at
the temporary meeting. This committee may bave full power to in-
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vestigate and determine in whatever way it sees fit whether or not those
who wish to join arc eligible.

It is understood, of course, that the committee will earry out the
ideas of the members of the club. It is suggested that no one should
be allowed to join the club as a full member who has not been actively
connecled with amateur radio telegraphy for atl least one year. It should
be further stipulated that in order to be eligible for membership the
applicant must be thoroughly familiar with the United States laws
pertaining to amateur radio telegraphy. (Copies of these rules and
regulations can be secured from the Department of Commerce, Wash-
ington, D. C., or the district radio inspectors.

All committee reports must be presented to the chair for reading by
the recording officer, It is then in order for some one at the meeting to
present a motion for adoption or acceptance of the report of the com-
mittee. When a motion is offered it must be seconded by another person.
After it has been seconded a vote should be taken to determine the
general sentiment of those present.

As a rule, 1t 1s advisable that the meeting of the temporary organiza-
tion be held first and the appointment of committees made as suggested.

THE PERMANENT ORGANIZATION.—The affairs of the perma-
nent organization can be handled at a second meeting. This will give
the various committees sufficient time to carry on their dcliberations
properly. Itis, however, possible to effect the entirc organization at one
mecting, although better results will be obtained if the founding of the
permanent organization is postponed to a later date.

When the permanent organization is to be effected, the various
commmittees previously mentioned should report to the chairman. Usually
the chairman of each committce reads his report before the entire as-
sembly and the chairman of the temporary organization requests that
actlon be taken.

The Membership Commaittee should offer its report first. It should
name those eligible to membership in the club, and a general vote of all
present should be taken. If there are any plesent who are not eligible
to membership they should leave before further business is taken up.

The Rules and Regulations Committee should report next, stating
clearly the constitution for the club.- An outline of a constitution suited
to general needs follows:

Article I.—Sec. (1). The name of this association shall be The
Radio Club of New York City, or The Cleveland Wireless Club, or The
Allied Amateur Radio Clubs of Chicago.

Sce. (2). The object of this club shall be the bringing together of the
amateurs of this city who are intercsted in the advancement of radio
telegraphy and desire to become more familiar with the radio art. Pro-
gressiveness shall be the keynote of this organization, and a general
diffusion of knowledge pertaining to radio telegraphy its endeavor.

Article II, Club Membership.—Sec. (1). The membership of this
club shall be divided into two classes—full members and students.

Sec. (2). Full members shall be those who have been actively con-
nected with amateur radio telegraphy for at least one year and are able



Parliamentary Procedure 15

to receive messages in the Continental telegraph code at a speed of at
least five words per minute.

Sec. (3). Students are those who have had no previous connection
with amateur radio telegraphy, but are interested in the art and whe, in
. order to familiarize themselves more fully with radio apparatus, desire
to join a radio club,

Sec. (4). A full member shall not be less than sixteen years of age,
and a student not less than twelve years of age.

Article I1l, Fees,—Sec. (1). The entrance fee (payable upon admis-
ston to the club) shall be $1 for full members and fifty cents for students.

See. (2). The annual dues for full members shall be $2, and for
students $1. '

Article IV, Officers.—Sec. (1). The officers of the club shall be a
President, Viece-President and Secretary-Treasurer. The latter office
shall be filled by one member.

Sec, (2). The President and Secretary-Treasurer shall be elected for
six months and the Vice-President for one year. The President and
Secrctary-Treasurer shall not be eligible for immediate re-election to the
same office.

See. (3). The terms of the officers eleeted at any annual meeting
shall begin on the second meeting of the club following the election.

Article V, Election of Officers.—Sec. (1}. Election of officers shall
take place once every six months.

Article VI, Management of Radio Club.—Seec. (1). The management
of the radio club shall be in the hands of the President, Vice-President
and Secretary-Treasurer, who, in addition to their regular duties, shall
be known as the Board of Dircetors.

Sec. (2). The Board of Directors shall direct the care and expenditure
of the funds of the club, shall receive and pass on all bills before they are
paid by the Scerctary-Treasurer, and shall decide upon the expenditure
of all moneys in various ways.

Sec. (8). The Board of Directors shall from time to time adopt a
series of by-laws which will govern the procedure of the various com-
mittees which are later to be formed.

Sce. (4). The President shall have general supervision of the affairs
of the club under the direction of the Board of Directors. The President
shall preside at the meetings of the club and also at the meetings of the
Board of Directors.

Sec. (5). The Secretary-Treasurer shall be the executive officer of
the radio elub, under the direction of the President and Board of Direc-
tors. The Secretary-Treasurer must attend all meetings of the radio
club and of the Board of Directors, and record the proceedings thereof.
He shall collect all membership fees 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 months, to the Board of Directors,
o balance sheet showing the financial condition and affairs of the club.

See. {6). Three cominittees shall be formed:

(1). A Library Committee.
(2). A Meetings and Papers Committee.
(3). An Electrical Committee.
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It shall be the duty of the Library Committee to keep the members
of the club familiar with the latest articles pertaining to wireless tele-
graphy appearing in various publications, and to see that the literature
and books of the club are properly kept on file.

The Meetings and Papers Committee performs the most important
funetion of all, It shall be the duty of the members of this committee
to make the mcetings of the elub of interest to all, particularly as re-
gards intellectual development. It shall be their duty to make the
meetings of scientific and electrical interest to the members of the c¢lub,
and they shall do all in their means to enhance the knowledge of the
membersg of the club in matters pertaining to radio-telegraphy; they
shall also see that once each month a paper is read by an amateur mem-
ber, chronicling interesting experiments which he has performed or
suggestions he has to make.

The Elcctrical Committee shall have direct charge of all the experi-
mental apparatus in use by the clubh. The members of the committee
shall see that the apparatus loaned by various members of the club is
well taken care of. The Eleetrical Commnittee shall conduet all experi-
ments and shall see that these are performed in a scientific manner.

Article VII, Business Meetings.—Sec. (1). The semi-annual busi-
ness meeting of this radio club shall be held on the first Tuesday in
November and on the first Tuesday in Aprnl of each year. At this
meeting a report of the transactions of all meetings of the previous year
shall be read and the semi-annual election of officers shall take place.

Article VIII, Club Meetings.—Sec. (1). The regular meetings of this
club shall be held on Tuesday night every week throughout the year.
Every fourth meeting shall be devoted to the reading of a paper on radio
telegraphy by one of the members present.

After the constitution and by-laws have been agreed upon and ac-
cepted by the members present, it will be in order for the Nominations
Committee to present to the chairman a report on the nominces for the
various offices to be filled. If the nominees are accepted, a general
election by ballot shall take place. These officers should be elected in
accordance with the constitution and by-laws adopted. :

THE HOME OF THE CLUB.—A radio club should, if possible,
maintain quarters of its own. It is possible in the majority of citics to
sceure a room at a low price in one of the less prominent buildings upon
which may be erected an antenna of fair dimensions. If the finances of
the organization will not permit this, it is best that the mectings be held
at the station of the member having the best facilities for the accommoda-
tion of the membcers and an antenna well suited for their experiments.

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 antennae, one of the inverted L, flat-top type,
about 80 feet in length by 40 feet in height. This aerial will permit radia-
tion at the wave length of 200 meters to comply with the government
law. The second antenna may be swung parallel to it and may be of
any length up to 500 feet. The longer antenna should be used for the
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purpose of receiving the longer waves 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 room there always should
be on hand a file containing copies of the latest magazines. The ap-
paratus room should contain a black board to be used in the drawing
of circuit diagrams to explain the wor kmg of wireless apparatu\,

The members of the club should raise a fund to be devoted to the
purchase of books dealing with the technical side of wireless telegraphy.
These should be added to from time to time until the library is quite
complete,

A series of maps showing the loeation of wireless telegraph stations of
the world can he purchased from the United States Department of Com-
merce, It is suggested, too, that one of the members of the club who
has some skill as o draughtsman, draw a map of the scetion 1n which the
organization 18 located. The stations of the various mmcmbers and the
distance from the quarters of the elub to cach station should be indicated
on the map.

THE WORKSHOP.—The workshop of the club should adjoin the
radio station. The tools and materials for the latter can be contributed
by the members of the club or purchased by a fund collected specifically
for this purpose. No apparatus should be constructed in the wireless
station proper. All work of this nature should be done in the workshop
and after the experiments have been completed the apparatus should
be taken to the radio room to be tested. This room should eontain a full
ret of clectrician’s tools, including an eleetric soldering iron and a first
class work bench, Addltlonal material necessary will suggest itself
from time to time, and it may be supplied individually or purchased by a
fund eollected for the purpose.

The radio ¢lub, of course, should have a substantial drawing table
with a full set of instruments necessary for the drawing of circuit dia-
grams, the plotting of resonance curves and the laying out of plans for
the construction of apparatus.

A COMPLETE EQUIPMENT DESIRABLE.—Interest at the club
headquarters will be maintained if the radio station is fitted with a fairly
complete equipment. It is somewhat difficult to give advice applicable
to cach organization as to how much apparatus to install. The question
undoubtedly will be governed largely by the amount of funds available,
However, every radio club should, if possible, possess the following:

An efficient 200-meter amateur tmneunttmw set.

A transmitting acrial of the proper dimensions for the radlatlon of
energy at this wave length,

A 200-meter receiving, set for communication with local enthusiasts.

An accurate wave meter having a range of from 200 to 3,000 meters.
If possible a sccond wave meter having a range of from 3 0{)0 to 10,000
meters should be provided.

“An aenal hot wire ammeter.
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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 for use with the
long distance set.

A buzzer tester.

A complete buzzer practice system.

The following communication from 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 United States; othérwise the license
must be in the name of some individual 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 official call signal which must
be used for all radio communication.”



CHAPTER 111

ELEMENTARY PRINCIPLES OF THE RADIO TRANS-
MITTER—ELEMENTARY THEORY OF DESIGN—
INDUCTANCE COMPUTATIONS—TRANSFOR-
MER DESIGN—THE THEORY OF SPARK
DISCHARGERS

It is difficult to separate the cducational requirements of the in-
dividual from those of the Radio Club as a whole. In the author’s opin-
1on one of the most important functions of the club 1s to disseminate
ideas. Club discussions, the reading of technical papers and the con-
duction of public prcrlmenta tend to stimulate progress by extending
the knowledge of the individual. Often the experimenter isin a quandary
on some technical point but after listening to a paper or discussion
between members, he gocs away with knowledge a point in advance of
what he possessed before. Misunderstandings in some technical point
arc thus frequently brought to light and the benefit to the radio com-
munity as a whole cannot be overestimated.

Beginners will soon find out that apparatus for radio transmission
and reception involves advanced technical considerations. The working
of the apparatus is based upon fundamental electrical principles which,
in the design of a set, must be obeyed to the letter if any useful results
are expected. A thorough study of the elements of electricity and
magnetismn is the first essential. Knowledge of the principles of low
frequency alternating currents is next in importance. Then comes the
study of radio frequency currents. 'The author may then be pardened
for abruptly dropping the subject of wireless telegraphy from the stand-
point of the elub as a whole, and treating it technically for the benefit of
the individual for he has learned that the experimenter is primarily in-
terested in the design of a good wireless transmitter and receiver. If an
individual, through personal study and experimentation, obtains some
unususgl Iesults the members of the club will soon hear of it and nothing
gives the experimenter greater Joy than to report the details of some strik-
ing achievement to his fellowmen. Thus, what bencfils one, benefits all.

A brief treatment of the theory of radio transmission and reception
will follow. The design of amateur apparatus will be discussed in an
clementary way.

ELECTRIC WAVES AND HIGH FREQUENCY ALTERNATING
CURRENTS.—Radio telegraphy is conducted by means of electric warves

19
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and electric waves are generated by alternating currents. In practice
these currents are of very high frequency, particularly the waves of short
length used by amateurs.

The length of an electri¢ wave 18 easily determined when the frequency
of the alternating current is known. For if we divide the wvelocity of
electricity whict is computed to be 300,000,000 meters per second, by
the frequency of the current the result is the length of the electrie wave.
Conversely if we divide the veloeity of electricity by the length of the
wave we obtain as a result the frequency of the alternating current.

Thus amateur stations arc limited by U. 8. statute to the wave length
of 200 meters, The frequency of the current for generating these waves is
300,000,000

200
this number with the frequency used in ordinary power work—=60 cycles
per sccond—it Is clear that the apparatus for generating currents of radio
frequencies must be of a spceeial type. The laws governing radio fre-
quency eurrents, however, are not very different from those surrounding
low frequency currents except in respect to certain phenomena which
have been brought to light since Marconi’s basic digcovery.

We arbitrarily call current of frequencies above 10,000 per second radio
frequency currents; those below 10,000 per second audio frequency currents.
It is a striking fact, of which considerable note will be taken further on,
that currents above 20,000 cycles per second are not audible in the
telcphone reeeiver, for the ear will generally not respond to sound vibra-
tions above 20,000 per second.

The lowest frequency so far used for wireless transmisston is 15,000
cyeles and the highest runs into millions.  The first named frequency
corresponds to the wave length of 20,000 mcters, or a wave whose length
is approximately 13 miles. On the other hand the wave length of one of
Marconi’s early types of transmitter has been computed to be a few
centimeters and the current frequeney runs into billions.

Commercial wave lengths in radio lie between 300 and 20,000 meters;
the corresponding frequencies vary from 1,000,000 cyeles down to
15,000 cycles,

It 1s clear that in destgning a wireless transmitter for amateur use,
the first consideration is the construction of apparatus to generate oscilla~
tions at a frequency of 1,500,000 cycles.

thercfore or 1,500,000 cycles‘ per second. If we compare

THE ELECTRIC WAVE RADIATOR.—The wave maker at the wire~
less transmitter is called the anfenna which 18 an elevated, insulated
conductor varying in shape and form. The antenna may consist of
a number of vertical wires attached to the top of a mast or tower; or it
may have a portion vertical and the remainder horizontal; or it may
agsume the shape of the ribs of an umbrella.

The antenna is more commonly called the “‘aeriel” and thus we have
the “‘vertical” aerial, the “inverted I flat top” aerial, the “T flat top”
aerial, the umbrella aerial and other modified forms. |

The lower end of the acrial is usually connected to earth through the
medium of a good ground plate, but it is not neccssarily so connected. A
so-called ground capacity or counterpoise may be used. It consists of
several wires spread over the surface of the earth or even insylated from the
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carth. A combination of the imbedded earth plate and the counter-
poise gives the best results.

It is a fundamental principle of wireless telegraphy that if w e generate
high frequency currents and cause them to flow in an elevated conductor,
more commonly called an open cireuit oscillator or antenna, electric wave
radiation automatically takes place; but for intensive ‘radiation the
electrieal constants of the oscillator must bear a definite relation to the
frequeney of the applied current. This relation will be explained in a
following paragraph.

The flow of currents in the elevated conductor or capacity is ac-
companied by electromagnetic and elecirostatie ficlds, a portion of
which is detached from the radiator. These two fields constitute the
electric wave. Tg. 115 shows the electrostatic field for a few cyeles of
aerial current and Fig. 1l¢ a complete evele of the eleetromagnetie field.

In transit these two ficlds are at right angles to cach other and to the
direction the wave is travelling. Thov are radiated outward at a velocity
of 186,000 miles per second,- or 300,000,000 mcters. Actually the
phenomena surrounding the detachment of the two fields are more com-
plicated than they appear here but the two drawings serve to indicate the
process of wave radiation in an elementary way.

If another elevated capacity or conductor (known as the receiving
aerial) be erected miles distant, the magnetic and static components of
the advancing wave motion act to induce in the aerial currents of the
same f1equency as flow in the transmitter aerial. The receiving aernal
must have the same natural time period of electrical oscillation as the
transmitter acrial, to receive any considerable distance. In other words
the recelver must be funed to the transmitter as will be explained in
detail in a following paragraph.

GENERATORS OF RADIO FREQUENCY CURRENTS.—We may
now center our attention on apparatus for generating high frequency
currents. 'The lowest frequency so far employed for pmctwal electric
wave transinission, to the author’s knowledge, is 15,000 cycles, the
highest a lLittle leqq than 3,000,000 cycles. Theoletwally electric wave
radiation occurs at all ftequenmes from the lowest to the highest, but
aerials of enormous length would be required to radiate at frequencics
below 10,000 per second. On the otner hand the wave radiator for very
short, wave lengths must be exceedingly small. During the Emopoan
war very successful communications were carried on over short distances
at the wave length of 3 meters. The frequency of the antenna current
was 100,000,000 cycles!

Frequencies up to 200,000 cycles may be generated by dynamos.
An example of such machines is the 2 kw, Alexanderoon radio frequency
alternator, the armature of which rotates 20,000 r.p.m.! The design of
such a dyn&mo introduces many diffieult mechanieal problems and the
construction is very expensive. Besides this, a current of 200,000 eycles
would radiate at the wave length of 1500 meters, which is more than
seven times the wave length alloted to amatcurs, i.e.,—200 meters.

The Poulsen arc generafor works well at flequenoles up to 200,000

but is unsuitable at 1,500,000 cycles required for amateur transmlssmn.
The vacuum tube gen.eratm' works well at all frequencies from 14 eycle
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to 20,000,000 per second. There 1s every reason to believe that it will
be used by amateurs in 1nereasing numbers

Spark systems of transmission are moqtly used among amateurs and
will first be considered. The apparatus in this method is not so com-
plicated as that of other systems and the material for construction is
more readily obtained by the amateur. The spark transmitter requires
neither the elaborate machinery nor the technical skill demanded by
other systems.

PRODUCTION OF DAMPED ELECTRICAL OSCILLATIONS.—
An electrical oscillation circuit possesses the qualities of inductance,
capacttance and resistance. The last named quality is undesirable,
but an invariable accompaniment of an electrical circuit.

A circuit made up of an inductance and a capacitance in series will, if
impulsed periodically by an externally applied electromotive foree,
oscillate al « radio or an audio frequency, depending upon the magnitude
of the product of the inductance and the capacity.

Illllllli—ﬂ
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Fia. 8. Simplc vsgcillation cireuit illustrating the production of radio frequency currents.

Fig. 8 represents such a circuit. L is a simple coil of wire and C a
condenser consisting of interleaved paralle]l conducting plates such as
copper or tin foil insulated from onc another by air spaces, by sheets of
glass or mica, or by any of the well known insulators. An mpulsing
ctreust comprising a battery B and a key K, is shunted across L. Upon
closing K, current flows through L and a magnetic ficld encircles the
turns of the coil. The condenser C receives a charge varying as the
.m.f. of the battery. Neither the current in the coll nor the charge in
the condenser reaches its maximum value instantaneously. A certain
interval of time i1s required to fulfill these conditions.

The condenser exerts a back pressure or e.m.f. on the battery B,
but since their e.m.f.’s are equal the condenser cannot discharge until
the battery B is disconnected. If key K is then opened, the magnetic
field about L collapses, induces an e.m.f. in L which gives a further
charge to C after which € begins to discharge back through L. When
C 1s completely discharged the ficld ereated around L collapses setting
up an e.m.f. which charges C in the opposite direction from that in the
first instance but with less intensity, for the energy supplied originally
to the circuit is gradually dissipated.

Several cycles of current traverse circuit L C before the energy of
the original charge is completely used up. Oscillations of decaying



Radio Design 23

amplitude are generated as shown in Fig. 9. If L and C are properly
chosen the current may oscillate at frequeneies ranging from audibility
to a million or more.

Such groups of oscillations are called damped oscillations and the
ratc at which the amplitudes decrease is expressed by the “logarithmic
decrement.” If K is opcned and closed rapidly, say 500 timces per
second, 500 groups of damped oscillations will be generated in the circuit.
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Tya. 9. Graphsshowing the decaying groupa of oscillations generated by oscillation circuits when impulsed
by asudio frequency voltages.

AMPLITUDE

The total energy in watts stored in L C, Fig. 8, during the charging
period is the sum of the energies stored in the condenser and coil, that is

R

,
W 5

for the condenser, (1)

and

W =" for the ol @)

C is the capacitance of the condenser in farads, I the inductance of the
coil in henries, I the final current in amperes flowing through L, and &
the electromotive foree in volts. It i1s evident that the energy in the
condenser increases as the square of the voltage, and the cnergy in the
coil as the square of the current. Powerful oscillations are produccd
in radio telegraphy by high voltages—15,000 to 30,000 volts.

We cannot produce powerful oscillations in the eircuit of Fig. 8, for
the voltage drop across the inductance of a radio frequency coil is con-
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Fia. 10. Cireuit for the production of powerful radio trequeney oscillations. The condenser € is energized
by a high voltage trausforiner. The circuit L € S is known in radio telegraphy as the rlosed oscillation
circuit, -

siderable and the available e.m.f. to charge the condenser therefore
relatively small. For effectiveness the inductance should be discon-
nected from the eondenser during the charging period and re-connected
for discharge.
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If a high vollage charging e.m.f. is employed, a special smtchmg
arrapgement is not neeessary.  Wo may include a spark gap S in series
with the inductance and condenser as in Fig., 10 and connect the con-
denser to the sccondary of a high voltage transformer. When the
potential difference across the condenser terminals reaches a maximum,
the gap S, if of the correct length, will be ruptured, and will become
tcmpomuly conductive permitting the passage of a few cycles of radio
frequencey currents around the circuit L €' S.

If condenser C is connected to a 500 eycle high voltage transformer
and the gap discharges the condenser once for ‘each half-cycle of the
charging current, 1000 groups of radio frequency oscillations will flow
in circuit L C 8. The frequency of the oscillations in L C S, may be
varied either by a change of L or C.

A reduction of the c'lpamtance of C increases the oscillation frequency.
Cutting out turns at L effects the frequency in the same way. Ignoring
resistance, the oscillation frequency of the circuit L € is determined from

N=——ror8 (3)

L is the inductance of the coil in henries and € the capacitance of the
condenser in farads. Hence if L=0.0001 henry and €'=0.0,000,001
farad,
y L
6.28 v 0.0001 x 0.0,000,001

= 5033 eycles.

1

A more practical unit for capacity is the microfarad, = 17000.000

farad.
The microhenry and the centimeter also are more practical units to

: . 1 :
express inductance. 1 microhenry =1000.600 henry and 1 centimceter
7 b

1
~1,000,000,000

If L be expressed in centimeters and € in microfarads, L in formula
(3) must be divided by one billion and C by one million. It then becomes

henry.

[ D3
= 5U33,000 @
~NTTC
Again if L be expressed in microhenries and € in microfarads, then
A 300,000,000 |
1884 VT ¢ S

It is 1mp01tant to note that the frequency of circuit L € 8 has nothing
to do with the frequency of the charging current (which impulses the
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condenser). No matter whether C is charged 100 or 1000 times per
second, the frequency of L €S varies inversely as-the product of the
induetanee and capacitance of the circuit,

Supposc we desire to design circuit L C S to oscillate at approxi-
mately 1,500,000 cycles. Letting L=1840 centimeters and €' =0.006
mid. {an average valuc for amatcur transmitters) we have,

5,033,000 5,033,000
. Y1840 x 0.006  3.323

b4

=1,514,500 cycles.

By increasing the induetanec of L slightly, the frequency will be
lowered to 1,500,000 cyeles. The eircuit L €S in wireless telegraphy
1s called the closed oscillation cireuit.

THE OPEN CIRCUIT OSCILLATOR.—Just as we may generate
oscillations of a predetermined frequeney in the closed oscillation cirenit,
s0 we may generate them directly in what 1s termed the open osctllation
ctrcuzt, This circuit comprises, the aerial, the earth plate, and the local
tuning appliances for varying the wave length., In contrast to the
closed oscillation circuit, the open circuit, when set into osecillation,
radiates powerful electromagnetic waves.

The closed oscillation eircuit 1s a feeble radiator unless an enlarged

closed circuit loop aerial is employed, such as will be deseribed in Chapter
XII.

Fie. 11a. Illustrating the clectirostatic capacitance of a wircless telegraph ucrial.

The inductance and the capacitance of the closed oscillation circuit,
¥ig. 10, are concentrated in the coil L and the condenser C, respectively.
The open oscillation eircuit external to the tuning apparatus has dis-
tributed tnductance and distributed capacitance. Such a circuit is shown
in Fig. 11a. The inductance of the wire A E lies in its ability to store
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up energy in the form of a magnetic field; and its capacitance in its
ability to store up energy in the form of an electrostatic field. But these
encrgies are distributed throughout the length of the vertical wire, and
not concentrated or lumped in a small space as in Fig. 10.

We may, in fact, look upon the aerial of Fig. 11a as one plate of an
enlarged condenser, the earth being the opposite plate, and the intervening
air the dielectric. Due to the large separation of the two sides of the
condenser, we may expeet the capacity of the average antenna to be
relatively small. Normal valucs for amateur transmitting acrials lin
between 0.00025 and 0.0006 microfarad.

In Fig. 1la the spark discharge gap S, is connected to the secondary
coils 5-3 of a high voltage transformer. 'The primary coil is connected
to a 60 to 500 cycle source, at potentials between 110 and 500 volts.
The secondary potential may be 20,000 volts,

e
VA B TN
4 , s H (\\ 1} \
V4 R } - o~ ! AT S
4 f'lf ¢/ 1 A Ny K\

7 ,’ ';’ } 27" l Pan N | \\\ \\‘ \‘
2N / I/ Y A T { N VY L O L Y
TR T aY PR Ve PN SRR LAY
Yy Mgl il e~ RN PR AR LT ARIEERARRY W
e ,‘JI{ Fosd ili/ )n N/ PR AR LR \*\l‘ L
it 1] f’ | 110 M e Nt \i (R ! R
TR I T SRR IR AR IR U
' w e by [ BNV Vs VL L U 1L

++ 1= ¥ -= =+ ¥ efe * ¥ == ++
LENGTH OF LENGTH CF
- L. - L
A e 0 AP wave B

Fie. 11b. Detached loops of the electrostatic component of an electric wave motion.

If we separate the spark electrodes of S; to the correct sparking ais-
tance, and close the circuit to the primary coil, a series of sparks will
discharge across Sy; and, as in the case of the closed circuit, the open
circuit oscillates at a radio frequeney determined by the product of
the inductance and capacitance of .the circuit.

Just before the spark discharges the space between the aerial and
carth is filled with electrostatic lincs of force. The potential difference

- at the spark gap S; ionizes the air, making it conductive and allowing

the stored-up energy to discharge across the gap. Only part of the
stored-up clectrostatic field contributes to the energ; of the spark.
The remainder is radiated in the form of electrostatic loops as in Fig. 115,
Magnetic fields also accompany the current oscillation as in Fig. 1lc,
and part of this ficld also is detached from the acrial. Both fields, as
already mentioned, 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 dissipated in wave radiation, heat losses due to resistance, and
heat due to absorption by obstacles in the dielectric medium.

WAVE LENGTH.—The wave length of a stimple vertical aerial wire
is four times its natural length. Thus a rod 150" high would radiate a
wave 600" in length or 184 meters. We would then say that the natural
or fundamental wave length of the acrial is 184 meters.
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T'or an aerial with 3 or 4 wires spaced a few feet, the factor of 4 no
longer applies, for we have thus slightly inecreascd the electrostatie
capacitance and decreased the inductance of the system. We therefore
must determine the wave Jength of the aerial from knowledge of its
inductance and capacitance, or by means of a wave mecter.

The wave length of an open or closed oscillation eircuit inay be
incrcased by adding a coil of wire In series, or decreased by a series
condenser. All transmitting and receiving aerials have a coil at the base
and many stations arc equipped with a scries condenser. Simple as
well as more seientific means of determining the wave length will be
described on pages 293 to 297.
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Fia. 11¢. Thoe magnetic component of an eleetric wave motion for one ¢ycle of antenna current.

PRACTICAL DAMPED WAVE TRANSMITTERS.—Marconi’s early
type of transmitter is substantially that shown in Fig, 12. The dia-
gram perhaps represents the simplest possible type of electric wave
generator that may be constructed by the amateur. The aerial A to E,
includes a loading coil L-1, a spark gap S-1 and is connected to earth
at £. P §Sis an induction coil with a secondary voltage of, say, 30,000
volts, The primary is fed by a 6 to 30 volt storage battery. Some
induction coils are constructed to operate off 110 volts d.c.

An automatic interrupter I is mounted on the end of the core. When
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key K is closed the interrupter breaks the primary current and high
voliage currents arc induced 1n the secondary 8. These currents charge
the antenna, the stored-up encrgy of which discharges across the spark
gap S-1, produeing a few cycles of radio frequency oscillations for each
discharge. :

The wave length of the system may be increased by cutting in turns
at the coll L-1. The coil consists of a few turns of a copper conductor
of low resistance, such as stranded wire, copper tubing or copper sirip
wound in the form of a kelix or a “pancake.” |
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F16. 12. The circuits of Marconi’s early type of wireless telegraph transmitter. The antenna circuit is
set into oscillation by an induction evil which may be fed by a storage battery or a d.c. dyname.

The spark clectrodes are preferably of zine, although brass or copper
may he used. Electrodes 24; of an inch in diameter are sufficient for
small coils. For large coils, cooling flanges ave attached to the spark
electrodes.

If L-1 is cut out of the circuit, the aerial being worked at its natural
wave length, this transmitter radiates a so-called ‘“‘broad’ wave; meaning
that the wave emission will interfere with receiving stations, somewhat
off tune with the natural oscillation frequency of the transmitter acrial.
With a few turns of L-1 cut in, the statement above does not necessarily
apply. The radiated wave may possess a degree of ‘‘sharpness” that
eompares very favorably with more modern apparatus using coupled
circuits.

-
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The government authoutles are not inclined to grant a license to
operate the transmitter in Fig. 12, unless it be of a low power and located
In a region where it is not apt to interfere with the working of government
or commercial stations.
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Fra. 13.  Fundamentsl circuits of Marconi’s induetively cou ]pled transmitter which is almost universally
employed in commercial and amatcur practice. Powerful oscillatians are first generated in the closed
osctllation circuit £ €' 8 and then fed to the antenna circuit through the oscillation tiansfotiner L, L-1,

MARCONI'S INDUCTIVELY COUPLED TRANSMITTER.—This
type of transmitter is employcd almost universally. The fundamental
circuit is shown mn Fig. 13. Powerful radio frequency currents are first
generated in the circuit L C S and then transferred by electromagnetic
induction to the aerial or open circuit, A, L-1, L-2, C-1, A-1, K. Nisa
low frequency generator—60 to 1000 cyeles, P-1 a primary reactance cotl,
and P the primary of a closed core transformer. The e.m.f. of the alter-
nator may vary from 110 to 500 volts.

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

C is a high voltage condenser which in the amateur station rarely
exceeds 0.008 mfd. L is the primary coil of the oscillation transformer
L, L-1. lIts value for the amateur set rarely exceeds 6 mierohenries.
The inductance of L-1, the secondary, may lie between 15 and 25 miero-
henries. L-2, the antenna loading coil, is not required for the general
amateur station except for very short aerials. Twenty to 30 microhenrics
arc generally sufficient.

(-1, the short wave condenser, is only employed when the natural
wave length of the aerial exceeds 200 meters. A condenser of 0.0002
to 0.0005 microfarad is about correct for the amateur aerial where the
fundamental wave length exceeds 200 ineters.
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A-i, the acrial ammeter is used to measure the aerial current and to
determine resonance adjustments. A maximum scale reading of 5 am-
peres suffices for the set of the average experumenter.

THEORY OF OPERATION.—In brief, the cirenit in Fig, 13 oper-
ates as follows: In general, when the key K is closed, current from the
generator flows through the primary 7. The Ienultlng magnetic lines of
force thread through S, the secondary, mmducing therein high voltage
currents of the same frequency as the primary current.

With a 60 cyele transformer C is charged 120 times per second, and
with a synchronous spark gap S8, 120 sparks occur. One hundred and
twenty groups of radio frequency currents arc generated in L C'S per
second and since L is in inductive relation to L-1, 120 groups of radio
frequency currents are induced in the aerial qutem.

Some of the encrgy of the antenna currents, as already explained,
1s converted into an electric wave motion.

THE PHENOMENA OF REACTANCE.—A strking phenomcenon of
radio frequency currents is that of electrical resonance. The process of
brmglng two circuits into resonance is called tuning.

It 1s hoped that the expianation of the reactance effects of a coil and
a condenser here ziven and in the paragraphs following, will aid the
amateur in comprehendmg what adjustments are necessary to effect
resonance in alternating current circuits. If a coil of wire 18 conneeted
first to a source of 110 volts a.c. and then to a source of 110 volts d.c.,
1t will draw a great deal more current in the latter case than in the former.
The self-induciion of the coil to rapidly changing currents causes it to
“choke” their flow. The constantly changing magnetic field around a
coil carrying alternating currcnts generates a counter e.m.f. within the
coill which acts to im pede the rise of current and which is sometimes called
reactance voltage. 'We say then that a circuit possesses so much reactance
and we express the opposing effects of reactance in ohms.

The reactance of a coil increases directly with increase of frequency.
A coil which exhibits negligible reactance to a current of 60 cycles will
offer very appreciable reactance to radio frequency currents. If it is
desired to buid up the currents in radic frequency circuits to an ap-
preciable value the reactance of a coll must be neutralized. As will
presently be scen, the reactance of a coil, in radio frequency circuils, is
neutralized by the opposite reactance of a condenser connected in series
with the coil.

In d.c. circuits we are concerned mostly with their -esistance, but
in a.c. circuits reactance plays such an important part {as well as the
resistance) that it must be given very serious consideration. Resistance,
1t must be remembered, entails a loss of energy in the form of heat, but
reactance oceasions no loss of ener gy in that way; it compels the a,pphca-
tion of a higher e.m.f. to a circuit to pass a given amount of current
through 1t. It 1s well for the student to gain a clear understanding of
the relative importance of reactance, resistance and impedance. This
will be discussed more in detail in paragraphs following.

FORMULAE FOR REACTANCE.—The reactance of a circuit is
expressed in ohms. Letting N =the frequency of the applied e.m.f.,
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L. =the inductance of the circuit in henrtes, and X;=reactance in ohms,
the reactance of an inductance is expressed

R.l—-a‘n' i?\‘ IJ (6)

It can bhe shown also that the reactance of a capacitance 1s inversely
proportional to the frequency of the applied e.m f., or

Xe=gryT @
where ¢'=capacity in farads.

Since in a series circuit the reactance of a condenser is opposite to that
of a coil, as a means of distinction inductance reactance is called positive
reactance, and capacitance reactance is termed negative reactance.

If in an alternating current circuit inductive reactance predominates,
we obtain the resulting reactance by subtracting the capacitive reactance
from the inductive reactancc. The resulting figure denotes positive
reactance. Conversely, if eapacitive reactance predominates, we sub-
tract the inductive reactance from the capacitive reactance and the
resulting figure denotes negative reactance.

If in any circuit to which is applied an e.m.f. of a given frequency,

1

2w ]VL—‘_;\*TE-;

(8)

the reactance is zero and the strength of the current in such a circuit
is_governed solely by its resistance. This circuit under closcr analysis
will be found to be resonant to the impressed frequency and in radio
telegraphy it is called a “tuned’ circuit.

Any oscillation aircuit may be placed in resonance with a particular
impressed frequency by sclecting a eapacitance and an inductance of
such magnitude that their reactances are equal.

"-_‘
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Fis. 14. Illustrating how radio frequency cirguits may be placed in electrical resonance by the aid of u hot
W1lre ammeter.

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 ircquen(‘y currcnts at a
frequency, let us assume, of 1,600,000 cycles. Cireuit L-1, C-1, A-1 in
inductive relation to L ('S contains the hot wire ammeter A-1 (scale
0 to 5 or 0 to 10 amperes).
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If condenser C-1 is taken out of the eircuit and the leads thereto
connected together, and cireuit I C' S 1s set into oseillation, the ammeter
A-1 will give but a small deflection. The reason for this is that the
inductive reactance of L-1 1s very high for such frequencies but, on the
other hand, if the reactance of C-1 equals that of L-1, the ammeter will
give a higher reading, for the amplitude of the current in the circuit is
then governed by the resistance of the cireuit.

Using formula (6) assume that L-1=0.00001 henry and N, the
oscillation frequeney =1,500,000 cyeles, the reactance of L-1,

X, =06.28X1,5060,000 x0.00001 =94.2 chms.

Giving C-1 a capacity of 0.000,000,001,126 farad, its reactance

— ]
= =049
Xe 6255 1,500,000 X 0.000,000,001,126 0+ ohms

Hence, the capacitive and inductive reactance are equal and opposite
at the frequency* of 1,500,000 eycles. The two circuits in Fig. 14 are
then ¢n resonance, that is, they have the same natural frequency of oscilla-
tion.

We may prove this by formula (4). Remembering that 0.000,000,-
001,126 farad =0.001,126 mfd. and 0.00001 henry = 10,000 centimeters,
we may substitute these values in formula (4).

. 5,033,000
N=2200n
vLC
or
5,033,000

V10,000 X 0.001126

= 1,500,000 cycles.

Knowing the reactance of the coil in a series circuit for a given
frequency, the capacity of a condenser for the same reactance is found
by transposing (7), viz:

1

C=sr X N ©

To find L, when C for a given frequency is known,
L= i (10)

TUNING IN PRACTICE.—Fortunately for the amateur experi-
menter, he does not have to go through the preceding caleulations to
obtain rcsonance in established radio transmitting eircuits, for two
circuits of radio frequency may be placed in resonance by means of a
hot wire ammeler alone. Coupled circuits may be tuned in this way,
provided the inductance and the capacitance in both circuits are of such



Radio Design 33

magnitude that resonance is possible. The chief disadvantage of tuning
by hot wire ammeter is that one docs not know the frequency of the
circuits and consequently cannot tell the wave length—a matter of
prime importance in view of the restricted amateur wave length.

The physical operation in tuning circuit L-1, C-1 to eircuit L C S,
Fig. 14, is to set the tap on inductance L-1 at some point and vary C-1 until
the meter A-1 reads @ meximum. Similarly C-1 may be set at some’
capacity, and L-1 varied until meter 4-1 rcads a maximum. Likewise
within limits L-1 and C-1 may be set at somc definite value, and either
L or C varied until A-1 shows a maximurm.

Precisely the same method is employed i1n funing to resonance the
closed and open circuits of Fig. 13. The variable e¢lements in the an-
tenna circuit are L-1 and L-2. In the closed circuit € is usually fixed
and L Is varied by the tap. Circuit L C S may be set to some wave
length by a wavemeter, and then L-1 or L-2 varled until 4-1 reads a
maximum. The antenna cireuit is then in resonance with the closed or
spark gap circuit. Tuning in practice 1s preferably carried on by means
of a wavemeter, the use of which will be exptained in Chapter XI.

The amatcur must keep the following clearly in mind. If two
oscillation circuits (L C and Z-1, C-1) are in inductive relation, one
transferring energy to the other, no matter how large or small may be
the values of L or C, L-1 or €-1, if

LXC=L-1XC-1

then the circuits are in elecirical resonance and the most effective transfer
of energy will take place.

The method of determining the values of L and € for any particular
wave length (or frequency) will be explained below.

Referring again to the circuits of Fig. 14. When the gencrating
circuit impresses high frequency e.m.f.’s on the next circuit, the reactance
of -1 at resonance 1s equal to that of C-1. Say then, that C-1 is set at
some capacitance below that necessary for resonance, and gradually
increased to resonance and beyond. At the lower values of capacity,
capacitive reactance predominates, but as it is increascd to resonance,
the ecapacitive reactance gradually decreases until at resonance it cquals
the inductive reactance of L-1. If now, the capacitance of C-1 is in-
creased further, inductive reactance predominates, the capacitive react-
ance becoming less and less. :

When the circuits L-1, C-1 and L C S are in resonance with each
other, either will separately oscillate at substantially the same frequency,
if impulsed periodically by an external can.f.

PHASE ANGLE.—When two alternating currents in a given circuit
or in separate circuits reach their positive and negative amplitudes
simultaneously, we say that the currents are in phase. If one current
reaches, let us say, a positive maximum a little later than the second
current reaches the same maximum, we say the currents are out of phase.
Now a difference of phase of one complete cycle is regarded as equivalent
to the angle of the whole circumference of a circle or 360°; therefore a
difference of phase of a quarter eycle is equivalent to 90°, and of a half
cyele to 180°,
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The term phase angle is not only convenient to express the difference
in phase between two different currents, but also to express the angle of
lead or lag 1n circuits in which the apphed e.m.f. and the current do not
reach their maximum amplitudes at the same instant.

LAG AND LEAD IN ALTERNATING CURRENT CIRCUITS.—
When a coil of wire is traversed by alternating currents, its self induetion
tends to prevent the rise of the current, whereas a condenser under the
same conditions has the opposite effect, i1.c., it assists the current to
reach its maximum amplitude sooner than 1t would werc the capacity
not present.

This may be summed up by saying that the reactance of a coll tends
to make the current lag behind the 1mplessed e.m.f., and that the react-
ance of a condenser causes the current to lead the applied e.m.f. In
the first case, we have what 1s called a lagging current and in the last
case a leading current. We say in such circuits that there is a phase
displacement and we express such displacements in degrees.

If a eircuit possessed inductance only (if such were possible), the
current would lag 90° behind the impressed e.m £, If a cirecuit con-
tained capacitance only, the current would lead the impressed e.m.f.
by 90°. In practice, a dlsplacemcnt of 90° cannot be obtained but the
condition can bc approached.

It is now clear that 1n any circuit containing a condenser and a coil
in series, their rcactances are opposite and if they were made just equal
they would neutralize; that is, there would be neither “lag” nor “lead”
and the current and the applied e.m.f. would build up in phase.

HOW TO CALCULATE THE ANGLE OF LAG OR LEAD.—The
angle of lag and lead may be calculated f we know the capacitance, in-
ductance, resistance and the frequency of the e.m.f. applied to the ecir-
cuit. This computation 1s of little interest to the average amateur
experimenter but for those who may earc to carry it out the following
brief analysis 1s given.

The tangent of the angle of lag is the ratio of the inductance reactance
to the resistance of the cireuit, or

. reactance 27 N L .
t‘_ 9 = ~ =
an resistance E (11)

The tangent of the angle of lead is the ratio of the capacitance react-
ance to the resistance of the circuit, or

reactance 1 . p (12)

tan 0= resistance 2w NC

In both formulac #=the phase angle.

The angle corresponding to any value of tan @ may be found in a
table of gines, cosines and tangents. Suppose, for example, tan @ as
found by either formula (11) or ‘(12) is 1.16. By referring to the above
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mentioned table of sines and cosines it will be found that 1.16 is the tan-
gent of the angle of 49°. We would then say that the angle of lag or
lead (depending upon whether we are considering inductive or eapacitive
reactanee) Is 49°, that is, the current leads or lags behind the impressed
e.m.f. by 49°.

If a circuit has both capacitive and inductive reactance, the smaller
value should be subtracted from the larger value and the result inserted
in the numerator of formula (11), that is

tan 9=§ (13)

where X is the resulting rcactance.

PHASE ANGLE AND ITS RELATION TO POWER.—Although the
amateur experimenter may not be inclined to give the matter of phase
angle much consideration, he 1s compelled to 'do so when determining
thc power of an a]tematmn current as in tI&Dbe!‘IIlE'I’ cu‘uuts

In d.c. circuits, the power consumption is determined as in Fig. 15,
where G is a d.c. dynamo, I, aload, V, a voltmeter and A, an ammeter.
The power in watts is expressed:

W=IXE (14)
Where 7 =current in amperes

E=c.mf.in volts.
Then if E=100 volts, I =10 amperes,

W =100X% 10 =1000 watts =1 kilowatt.

Now in a.c. cireuits when the current cither leads or lags behind the
voltage, the true watts cannot be measured by a volimeler or an ammeter,
for if curves of e.m.f. and current out of phasc are plotted, it will be
found that there are instants during a complete cyele w hen the volts
are directed in one way and the current the other. If power curves
(which are the product of the effective volts and amperes at various
instants during the complete cycle) are plotted it will be found that the
resulting power 1s less than would be obtained if the e.m.f. and current
were in phase,

In order to measure the a.c. power of a circuit such as that in Fig.
it Is necessary to multiply the product of the readings of the Voltmeter
and ammeter by some factor which takes into account the phase relation
of the e.m.f. and current in the eircuit. The quantity by which formula
(14) is multiplied to get the true power in watts is called the power factor
which is equal to cos @, where 8 as before is the phase angle; that is, the
cosine of this angle gives us the multiplier for the a.c. power formula.
For a.c. circuits then

W=IXEXCos ¢ (15)

where Cos & =power factor which also *:1,7?'

where Z =the impedance of the circuit in ohms,
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Fia. 15. Showing the use of an ammeter and a voltmeter for measuring the power of d.c. circuits.

Fic. 16. Showing how the k.v.a. reading of an alternating current power circuit may be determined.

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

Power factor = —Lue Watts (16)
apparent watts

For example, if, in Fig. 16, I =20 amperes and EF =110 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

2200 =0.54 =549,.

power factor =

The apparent power in any circuit is often referred to as the k.v.a.
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reading, that is the kilowatts obtained by multiplying the pressure by the
current as read from instruments in the circuit.

While the apparent watts and the true watts in a.c. eircuits may
differ considerably, the amateur must take care to design his apparatus
to handle the full current as determined from the k.v.a. reading, for the
heating effcet of the current is there, although the full power of the
current is not available for a useful purpose.

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

Ohm’s law 1s expressed [ =%, meaning that the current in any circuit
is dircetly proportional to the applied eleetromotive force and inversely
proportional to the resistance. In alternating current circuits (to ex-
press the true relation between the voltage and the current) the effects
of reactance must be taken into account as well as resistance. Ior
slternating currents,

[
g
| b

(17)

where Z =the impedance of the eircuit.

The combined opposition of reactance and resisiance to the flow of an
alternating current is called ¢mpedanee, which, like reactance and re-
sistance, 1s expressed in ohms.

Letting Z =1mpedance, X =reactance, and K =resistance, it can be
shown that

2=Vt X (18)

Formula (17) may then be wriften:

E
J P — 19
Vi X2 (19)

Now if u eireuit possesses induetive and capacitive reactance formula
(18) becomes

. 1

or

Z= V(X —X.)

It is now clear that if 27 N L—thc inductive reactance, is equal

1 ... . .
to ———— —the capacitive reactance, the reactance expression in the

2 NC

denominator of equation (20) may be eliminated. Then.Z= VR or
Z=R; that is, the impedance of the circuit is equal to its resistance.
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This 18 what may be expected in a resonant circuit. Formula (1g) for

I C .
or I == which is the same as

E
VR? B

resonance circuits then becomes [ =

the expression for direct current.

-
”—"\
b

e

Fic. 17a. Graph of a cycle of an alternating current following the curve of sines. If the maximum ampli-
tude represents an e.m.f, of 100 voltg, the effective value=100 x 0.707=70 volts.

EFFECTIVE AND MAXIMUM VALUES OF ALTERNATING
CURRENTS.—It will be evident from the current curve of Fig. 17a,
that an alternating current undergoes periodic changes in amplitude and
in direction. S8ay, as an illustration, that the current during each eycle
rises from zero to a positive maximum of 15 amperes and then falls to
zero; and for the next half eycle, reverses its direction and goes through
the same set of values. The question arises, how are we to determine
the effect of a current undergoing such a continual change in amplitude?
It 18 clear that we must take some sort of an average value to detcrmine
the effectiveness of an alternating current in order that we may compare
it with a direct or steady current.

The effectiveness of the alternating current is defined in terms of its
relative heating effect compared to the heating effect of a direct current.
The heat developed by a direct current is at every moment proportional
to the square of the current at that moment, and is therefore constant.
In the case of an alternating current, the average heating effect is pro-
portional to the average of the squares of all the values of the current
during a cycle {such as may be equal to the points A, B, C, D, E, F,
cte., in Fig. 17a}. The average in the case of a sine current is the same
value that would be obtained by taking one half of the square of the
maximum current during the cycle.

It is now clear that a direct current, the square of which is equal
to the average of the squares of an alternating current over a com-
plete cycle, produces the same heat as the alternating current. This
i8 the effective value of the alternating current and since its square is.
equal to 14 the square of the maximum wvalue, the ecffective value

2
I.= Izm where I, =the maximum value. This may be written I,= ff’%

which is the same as the maximum value multiplied by 0.707.
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This means, then, that if the maximum amplitude of a eycle in a sine
wave alternating current is 15 amperes, its effective value is 15X0.707
=10.6 amperes. That is, an alternating current that rises and falls
uniformly between a value of 415 and —15 amperes, produces the same
heating cffcet as a direet current of 10.6 amperes.

Alternating current voltmeters and ammeters give the effective values
of altematmt_r currents not their maximum values.

In the primary circuits of his high voltage transformer the amateur
experimenter is concerned with the effective values of the current and
voltage. But in the secondary ecircuit, knowledge of the mazimum
e.m.f. is essential because the discharge at the spark gap is related to
the maximum e.m.f,

The effective value of an alternating current is sometimgs called the

‘“root mean square’” (r.n.s.) value because the effective value of a sine
wave is equal to the square root of the average of the squares of current
taken at all points throughout the cycle.

It is well to remember then that when connection is made to a 110

110
0.707

volt a.c. source, the maximum value of the e.m.f. per eycle is

=155 volts,

When the amateur purchases a 15,000 veolt transformer, for example,
he should ascertain from the maker whether this represents the r.m.s,
value or the maximum value per ¢ycle. For if it is the maximum value,
th<1> cffective or r.m.s. value, in 3 sine wave, is 15,000X0.707 =10, 605
volts.

DETERMINATION OF THE WAVE LENGTH OF AN OSCILLA-
TION CIRCUIT.—Knowing the values of inductance and eapacitance
In a closed oscillation circuit, i.e., a circuit with lumped or concentrated
inductance and capacitance, the amateur may calculate the equivalent
wave length by a simple formula. The computation is a little more
complex when applied to the open or antenna circurt, due to part of the
inductance and capacitance being distributed throughout its length and
the remainder lumped. The experimenter who does not lean toward
preciseness may apply the wave length formula for lumped circuils to the
open circuit. The per cent error for the open circuit is roughly
negligible.

We have first the fundamental wave length formula:

y P 1)

where » stands for wave length, V =the velocity of clectromagnetic
waves (300,000,000 meters per second) and N =the oscillation frequency.

Hence if the antenna circuit of the amateur’s transmitter osecillates
at 1,500,000 cycles,

300,000,000

1,500,000 =200 meters,

wave length =
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If
V
NN
then
4
N=x
T 1 : :
But, according to formula (3), N= S NI O where L =inductance in
henries and C =capacity in farads.
Hence
y___ 1
N 27 NLC
or
A=27V VI C (22)

This is the fundamental formula for 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 decimal expressions.
For example, letting C in Fig. 13=one ten-billionth of a farad and
L =16 millionths of a henry, then
»=6.28 X 300,000,000 X Vv 0.000016 X 0.0,000,000,004 =151 meters.

The more serviceable units for radio calculations are the microhenry,
the mullihenry or the centimeter for inductance, and the microfarad or the
micro-microfarad for capacitance.

1,000,000 microhenries =1
1,000 millihenries =1 henry
1,000,000,000 centimeters =1
1,000,00C microfarads =1 farad
1,000,000,000,000 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

N=59.6 VI ¢ (23)

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

A=1884 vy O (24)
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Formulae (22), (23) and (24) are, as mentioned above, strictly
applicable to lumped eircuits, but many experimenters for a first approxi-
mation are content to employ them for the open circuit as well,

Some confusion has existed regarding the computation of the wave
length of the antenna circuit, with or without a condenser or a loading
coil at the base. The matter has been cleared in Bureau of Standards
Bulletin No. 74 and should be consulted by the reader.

In the first place, we may assumc a uniform current and voltage
distribution throughout an aeral, a condition which does not exist in
practice, becausc of the high frequency of the currents employed. Gen-
erally the current is a maximum at the base or grounded portion, and
zero at the top or iree end. Conversely, the voltage recaches a maximum
at the top or free end, and is zero at the earth connection.

However if L, is the inductance of the flat-top portion for umform
current distribution, and C, the capacitance for uniform voltage distr-
bution, and an inductance L, 1s inserted i1n the lead-in, formula (22) ex-
pressed precisely reads as follows: (The lead-in 1s assumed to be free
from inductance and capacitance except the inductance of L,).

2T —
)\:T Vv Lo Co
or

59.6 .
dK \(LOCO (25;

A=

Here K is a correction term (first given by Dr. Cohen), the ratio of
the inductance of the loading coil at the base to the,distributed inductance

of the antenna.  Values of K for various ratios of % are given in Fig. 18.
¢

Now, if there 1s no lumped inductance at the base, i.e., the antenna
has purely distributed inductance and capacitance,

%=O; and from Fig, 18, K=1.57
hence
6.28 -
)‘:1.57 VYLT
or

A=AV VTP (26)
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TABLE 1
L L
Lo K Lg K
0.0 1,571 3.1 0.539
ol 1.420 3.2 532
02 1 03 14 3’13 -524
3 1.220 34 ol7
4 : 1.142 3.5 510
S 1.077 3.6 S04
6 1.021 3.7 4977
7 0.973 3.8 4516
X 931 3.9 /4850
Ko 894 4.0 4801
1.0 860 4.5 4548
1.1 .831 3.0 4330
1.2 804 8.5 4141
1.3 779 6.0 3974
1.4 257 6.5 3820
15 736 7.0 3693
1.6 ik 7.5 3574
1.7 £99 8.0 3465
1.8 683 8.5 +3366
1,9 L£08 5.0 3275
2.0 H53 9.5 3189
2.1 540 10.0 3111
2.2 027 11.0 2972
2.3 615 12,0 .2850
2.4 604 13.0 2741
2.5 5903 14.0 2644
2.6 -S583 15.0 2556
2.7 S74 16.0 2476
2.8 564 17.0 2402
2.9 D56 18.0 2338
3.0 47 10,0 2277
20.0 2219

Fi1c. 18. A table of constants showing the values of X for various ratios of L /Lo whera Liy—the inductance
of the antonna aystemn and Le=the inductance of a loading coil at the base.

The above formula to correspond with (23) should read

A=38VLC (27)

and to correspond with (24)

A=1200V L O (28)

Formulae (26), (27) and (28) are the expressions for a plain aerial cireudt.

It has been shown that wave length computations of loaded antennae,
using the formula for lumped eircuits, are sufficiently accurate when Cj,
the capacitancc of an aerial for uniform voltage distribution, is employed
as the capacitance for alternating currents of any frequency. But L,
the inductance for uniform current distribution, is not the inductance for

L :
any frequency.* However, ~?T°ma,y be taken as the inductanece for alter-

nating currents, and the two values (Co and %{’) may then be inserted

in the formulae (23) or (24) with practically as accurate results as arc
obtained from the use of formula (25).

*» See '*Radio Instruments and Measurements,” pp. 69 to 81.
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Henee, if L, is the low frequency inductance of the loading coil at the

base of the aerial, % the low frequency inductanee of tne antenna itseli,
and C, its capacitance, we may use the relation
—Fr LO '
A=59.6 \/ (L1 +-3~) Co (29)

1f Lyis 314 times -‘g—o , the above formula is within a negligible perecentage
as accurate as formula (25).

If then we call L, the low frequency inductance, C; the low frequency
capacity, and L; the low frequency inductance of the loading coil,
formula (29) becomes

A=59.6 V(Li+Ls) Ca (30)

in general the low frequeney value for the inductance of 2 coil may be
used for all frequencies.

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

DATA FOR THE AMATEUR TRANSMITTER.—The builder of
amateur apparatus desires to determine the electrical dimensions of the
inductances and capacitics in the closed and open cireuits, and the wind-
ing data and core dimensions of the high voltage transmitter. It is the
intention to show first, in an elementary way, how these values are
related and then to describe in detail the construction of the actual
apparatus,

The magnitude of the electrical constants of the amateur’s transmitter
are limitcd to certain valucs by reason of the enforced use of the 200
meter wave. Haphazard design and construction is not pcrmissible, if
maximum efficiency is the goal and the law is to be obeyed.

Take 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 wave lengths, to be just as large as possible in order that the
set will absorb a fair amount of power at comparatively low voltages.
The energy taken by the condenser circuit may be computed by the
following formula: (This equation does not take into constderation cer-
tain transient phenomena in spark gap circuits and requires considerable
modification in practice).

Letting W = power in watts, K =spark voltage in kilovolts, N =spark
frequency (twice the frequency of the eharging current), and C =capaci-
tance of the condenser in microfarads, then

w_CEN

> (31)
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Say then that in Fig. 13, the transformer potential with the condenser
connected is 20, 000 noltb, the spark frequency 120 cycles (power fre-
quency =60 cyclea) and the capacitance of the condenser, 0.01 micro-
farad, then

0 01 %X 202X 120

5 =240 watts

W=

and if N be inereased to 500 eycles;

0.01 X208 X 1000

5 =2000 watts or 2 kw.

- W=

This shows that, all other conditions remaining equal, the power
increases with the frequency of the charging source* Actually the
power may excecd or be less than the value given by the above formula;
for one thing when the condenser discharges across the gap, the trans-
former is on short circuit, and whether this will cause it to draw more
power depends upon the amount of magnetic leakage in the transformer
eircuits and whether or no the transformer operates at resonance.

It will now be clear that at the wave length of 200 meters, and with a
current source of 60 cycles, the amateur cannot utilize the power input
of 1 kw. permitted by law, unless very high voltages are employed. For
the maximum condenser mpa,cltance that may be employed for 200 meter
working is 0.01 mfd. as will be explained in the following paragraph.
Such high voltages are disastrous to insulation and require an abnormally
long spark gap which tends to puncture the dielectric of the condensers
and leads to all-around inefficiency.

To find the capacitance of the secondary condenser for a given power,
voltage, and frequency, we may transpose formula (22) viz:

2W
C TN (32)

As an example Iet E=15,000 volts, N =1000 sparks (500 cycles). and
W =500 watts, find the required capacity.

2 X500

TEr 06~ =0-0044 mid.

C=

DETERMINING THE INDUCTANCE OF THE PRIMARY OF
THE OSCILLATION TRANSFORMER.—The primary of the oscilla-
tion transformer requires an inductance of at least 1000 centimeters to
transfer an effective amount of energy to the antenna mrcult The
following computation will show that 0.01 mfd. is the maximum per-
missible capacitance in the closed circuit for the 200 meter wave.

*Assuming synchronous discharges.
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Letting 0.01 mfd. = the capacitance of the condenser, let us determine
the value of L in Fig. 13. L in practice should not be Tess than a single
turn of wire of not too small diameter. Transposing formula (23)

A2
L—-~—--—-3552><c, (33)
or
2
L =—-2-.9—0~—— =1126 centimeters

3552 X{}.01
=1.12 microhenries =0.00112 millihenry.

This in practice, as will be found by inductance computations, means
that the connections hetween the condenser, spark gap, and primary
inductance of the osecillation transformer must be extremely short, and
that the average amateur's oseillation transformer could not have more
than one small turn of wire in the primary. The capacity, 0.01 wmicro-
farad, obviously is the highest value for the closed circuif condenser that
the amateux can usc.

A condenser of 0.01 microfarad requires such compact mounting of
the apparatus to keep the inductance of the connecting leads in the
closed oscillation ecircuit at a minimun, that it 1s more practical to re-
duce the eapacitance to, say, 0.008 microfarad. Then for the 200 meter
wave the primary inductance,

2000 . "
= : — = 1407 cent
L 35520003 1407 centimeters,

a slight increase over the former casc permitting the use of longer Ieadb
for connecting up the apparatus in the closed eircuit.

CALCULATION OF CAPACITY.—To determine the capacitance of
a condenser such as used in spark gap circuits, we may use the formula,

C =0.0885 K §- (34)

vhere € 1s measured in the unit micro-microfara hich 18 —————
¥ ofarad which 1s 1.000,000

1
1,000,000,000,000

of a microfarad (mfd.) = farad that is, a micro-micro-

. 1
farad =1 566,000,000,000 2rad
=gurface area of one plate in square centimeters
- r=thickness of dielectrie in centimeters
K =a constant—the induectivity of the dielectric which varies with
the insulating material as in the following table,
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Table 11
= =
Dielestric Value of K

tht glass, double extra dense .. ...... ., e e e et e e e, 10.1¢
Y yery dense T S T 7.40
« 4 light.. e e ieeeee i sevaas b tete et aa e e e, 6.85
« “  very tht .................. ettt eseelee b s sea et et s aaas, 6.57
Mica sheet, PUre. .. ... . ittt ot iieraiee i e 4.00 to 8.00
Glass, cominon {rad:o ftequency) ......... e e mese i iatee ettty 3.25 to 4.00
(audio frequency> ........................................... 3.02 to 3.00
Paraffined paper. .. ..... ... .. ..., e e e e eeeeae ettt i, 3.65
Air at ordinary pressure SEROAATAY .. ettt 1.00

Fra. 19. Table showing the indurtivity constants of various dielectric substances. This table is useful
in the ealeulation of condenser capacities,

An average value of K for ordinary glass is 6.

Let us take a pane of common glass 14" x 14", ecover it on both sides
with tin or lead foll 127 x 127 and calculate its ca,pamty by the foregoing
formula. Remembemng that 1 inch=2.54 centimeters;

8 =(12X2.54)? =029
I= é% X2.54) =0.317

¢ =0.0885X6 x-‘]-g% 1554 micromicrofarads =0.0016 mfd. (approx.) per plate.

Five plates in parallel=5X0.0016=0.008 mfd., the capacitance
desired as in the preceding paragraph. If the potential of the trans-
former exceeds 15,000 volts, a scries—parallel connection must be
employed.

For two condensers in series,

C= T (33)

where C; and C, are the total capacity of each bank. This formula
indicates that the capacity of two equal condenser banks in series is
one-half that of one bank. Therefore with the series parallel connec-
tion, the numker of plates used in a simple parallel connection must be
multiplied by 4 to obtain the same ecapacity as that of a single bank.
That is, we must make 20 plates of the above dimcnsions, place 10
plates in parallel in each bank and connect the two banks in series.
Following formula {(35),

B 1 __ 1 _ . 0.016
C= T 1 "3 1X-—-—-—-2 =0.008 mid.

0.016 ' 0.016 0.016

If the conducting surface of the condenser A and the thickness of the
dielectric £ are expressed in inches, formula (34) becoraes

‘ oo KA2248 (36

£ X100
102 = 10,000,000,000

C= capa.(:lty in microfarads
A =area of the dieleotric (between condueting surfaces) in square inches.
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Owing to the different values of K for various grades of glass, the
value of C obtained by (34) or (36) will only be correct when K is ac-
curately known. For the closed oscillation circuit the inductance of
the primary L may be varied slightly until the desired frequency is
obtained (note formula (4) page 24) and any inaccuracies in the capaci-
tance computations may thus be compensated for. The amateur may
employ (34) or (36) for calculating the capacitance of condcenser plates of
other dimensions.

For a condenser of any number n of similar plates, alternate plates
connected in parallel, formula (34) beecomes

37)

¢=0.0885 K 215
. L

For 15 kw. 500 cycle transmitters, € is usually 0.006 mfd. For
¢ kw. 500 cycle transmitters, C is generally 0.004 mfd.; 0.008 mfd, is a
good average for the amateur sect operated from 60 cycles at powers
between 14 and 1 kw,

In summary, it is now clear that if the eapacity C of the closed oscilla-
tion circuit for any given wave length is first determined upon, L may
be found by formula (33) here repeated:

hﬂ

L=ge50

If L is decided upon for any given wave length, € is found by the
tollowing: .

22
“=mm%T G8)

Assume ) =200 meters and L =38000 ems. Find the value of C.

2002
C -—m —0.0037 mfd.

DESIGN OF THE OPEN OR ANTENNA CIRCUIT.-—~The induc-
tance and the capacitance of the plain aerial circuit without a coil or
condenser at the base, are distributed throughout its length. Assumec
an aerial, which as determined by measurement, has inductance of
50,000 cms. and capacitance of 8.0005 mfd. According to the Cohen
formula (27),

» =38 V50,000 x0.0005 = 190 meters.
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In case a loading coil is 1nserted at the base to raise the wave length,
we may use the formula (30) for lumped cireuits, being sure to draw the
distinction between the inductance for uniform eurrent distribution and
the inductance for low frequency alternating currents: that is, in (30)

Ly
g"‘—La.

Assume for an amateur’s aerial, L, the secondary of the oscillation
transformer =10,000 ems.; Ls, the low frequency inductance of the
antenna =17,500 cms.; and C,; the capacitance of the antenna =0.00041
mfd. Then from formula (30)

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

We may, as a matter of illustration, eompare the Cohen wave length
formula for the open or antenna cireuit with the formula for lumped
constants (30). Take, for example, a flat top aerial 40’ in height, 60’ in
length, composed of four wires spaced 2’. According to the table in
Fig. 20,

Lp=35,000 cms.
Ce=0.00025% mfd.

For the fundamental wave length according to (25)

53.6
7‘="K"" v Ly Cy

Since there is no lumped inductance at the base I—"=0, and from the

Ly
table Fig. 18, K=1.57. Hence,
59.6 _— —
A=Tim= Vv 0.000258 X 35,000 =38 vV 9.03 =115 meters (approx.).

Let us now insert a coil of 10,000 centimeters at the base. Then
L, 10,000
Lo 35,000
Then, according to the Cohen formula,

=0.286. From the table Ig. 18 K=1.21 {(approx.).

59.

A=13

: V¥ 0.000258 X35,000=139.5 meters {approx.).
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According to formula (30)

A=59.6 ¥V (Li+La)Cs

L,=10,000 ems. L« =%=3-5—’;~;]ﬁ) ==11,666 cms,

Ca=0.000258 mfd. Hence,
A=59.6 V(10,000+11,666) X0.000258 =141 meters (approx.).

The result disagrees with the Cohen formula by less than 2 meters.
For larger loading coils at the base the error becomes proportionately
less as will be found from further use of the table Fig. 18,

DETERMINING THE SECONDARY OR ANTENNA LOADING
INDUCTANCE FOR A GIVEN WAVE LENGTH.—Taking the antenna
- of the dimensions cited in the previous paragraph, we may determine
the amount of lumped Iinductance to be inserted at the basc, in order
that the antenna will radiate at 200 meters.

Remembering L;=11,666 cms.; C3;=0.000258 mid. and by trans-
posing (21)

},‘2
b= gesee e (39)
Flence
Ly = s 200 —11,666 =32,483 cms.

3532 X0.000258

10,000 cms. could be allotted to the secondary coil and the 1emaining
22,000 cms. to the acrial tuning inductance or loading coil,

DETERMINING THE WAVE LENGTH OF AN AERIAL FROM
ITS DIMENSIONS. —It is scarccly worth while for the amateur to
calculate the wave length of an antenna from its dimensions. Elaborate
and intricate equations have been developed for determining the eapaci-
tance and inductance of aerials per centimeter length, but they are
laborous and do not take into account the effect of local obstacles, such
as trees, buildings, roofs, ete., all of which make such computations
somewhat inaccurate.

If the reader acubts this, let him refer to the tuning records of the
Mareconi Company and note the widely different wave lengths obtained
from antennae of nearly identical dimensions. The equations are based
upon ideal conditions which are not found in practice. Moreover the
disposition of the lead-in introduces an uncertainty into the wave length
equation.

There is a simple rule for calculating the wave length that applies
roughly to flat top aerials. If the antenna wires are spaced no more
than 3’, multiply the total length of the antenna by 4.7. Thus, if the
total length of the aerial from the earth plate to the free end is 1007,
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the wave length=100X4.7=470'. And since 1 meter=3.25, ?%05

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

wave length,

Table IIT *
HORIZONTAL LENGTHS

: | -
40 ft. 60 ft. 80 ft. 100 ft. 120 ft.

H fti.
C mf. L em. C mf. L cm. C mf. L cm, C mf, L cm, C mS. L cm.

30 000186 | 22430 |.000252 | 28230 |.000331 | 34010 |.000395 | 39770 | .000456 | 45610
40 000190 | 28900 | .000G258 | 35000 |.000324 | 41100 | .000392 | 47200 |.000459 | 53310
60 000213 | 42180 |.000276 { 48800 |.000337 | 55460 | .000400 | 62090 | .000463 | 68700
8o 000241 | 55410 | .000300 | 62400 | .(K0360 | 69320 |.000418 | 76300 |.000478 | 83300
100 000268 | 69000 | .000325 | 76260 | .000382 | 83500 |.000439 | 90750 |.000496 | 98020

Fra. 20. Table giving the total inductance and capacitance of 4-wire aonals of the inverted “L” type.

Table IV *
HORIZONTAL LENGTHS

—_— = TN Y XTT=XY z-

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

C mf. L cm, C mf. L cm. C mf. L cm, C mf. L ¢m. C mf, L cm,

30 .000252 | 15050 |.000334 | 16530 |.000395 | 18000 |.000456 | 19480 | .000S555 | 20959
40 000258 | 21000 | .000324 | 22580 |.000392 | 24150 |.000459 | 25740 | .000528 | 27329
60 000276 | 33790 {.000337 | 35460 |.000400 | 37150 |.000463 | 38820 |.0DD522 | 40500
80 000300 | 46530 |{.000360 | 48330 |.000418 | 49850 |.000478 | 51870 | .ODD538 | 53630
100 000325 | 59870 [ .000382 | 61690 |.000439 | 63430 |.000496 | 65340 | .0D0553 | 67180

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

C mf. Lcm, | Cmf. L cm. C mf. L ¢m. C mf. L cm.

30 000629 | 22430 |} 000702 | 23900 {.000775 | 25380 | .000923 | 28330
40 000599 | 28000 |.000664 | 30500 | .000731 | 32050 {.000867 | 34720
60 000582 | 42180 | .000645 | 43860 | .000706 | 45550 {.000830 | 48890
80 000597 { 55380 | .000654 | 57190 | .000713 | 58950 | .000831 | 62490
100 000610 | 69000 | .000667 | 70840 | .000724 | 72680 | .000838 | 76310

Fig. 21. Table giving the total inductance and capacitance of 4-wire "'T"" aoriuls.

1t is preferable in any case for the amateur to purchase a calibrated
wave meter. By means of this instrument he can measure the funda-
mental wave length in a few minutes with greater accuracy than it can
be calculated; and moreover, he can measure the inductance and eapaci-
tance of his aerial in a much shorter time than he could calculate it.
This data enables him to detcrmine the required antenna inductance for

any desired wave length,

*Calculated by formulae given by G. W. Howe, London Flectrician, August and September 1914,
A simple explanation of Howe's formulae a‘p‘Pcars on pages 40 o 61 in the book “‘Calculation and Meas-
urement of Inductance and Capacity’ by W. H. Nottage.
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The experimenter interested in making the calculation of the in-
ductance and capacitance of the flat top portion of an aerial should con-
sult pages 247, 248, 249, and 250 of Circular No. 74,* Bureau of Stan-
dards, giving formulae for calculating the Inductance per eentimeter
length of the flat top portion of an antenna; and on pages 239 and 240
he will find formulae for determining the capacity of the flat top per
centimeter length. The inductance caleulations involve the determina-
tion of the inductance of a grounded horizontal wire, then the mutual
inductance of two ground parallel wircs, and finally the inductance of
N grounded wires in parallel. The value so obtained is the inductance

{ i1 1
4 -
-
) P1 ,t- 18 8 - 11r-< Tl Folnd ‘.: I8 [ =
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Fic. 22. The wave lengths of 4=wire "L”.aerials with no loading at the base.

for uniform current distribution. When a loading coil is inserted at the
base of the antenna and the formulae for the wave lengths of lumped
circuits is employed, the value of L determined as above, divided by 3,

that is -%U , eliminates the error which otherwise would exist when using

the formula for lumped eircuits, viz., x=59.6 V L C.

* Entitled ' Radio Instruments and Measurements,” Wireless Press, Inc., 233 Broadway N ¥,
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WAVE LENGTH TABLES.—Employing the formulac developed by
G. W. Howe for determining the capaeitance and inductance of horizontal
aenals, A. S, Blatterman has prepared tables giving these values for
four-wire inverted “L” and 7" aerials, composed of 4, No. 14 wires
spaced 2" apart. TFor the L aerials, the table in Fig, 20 covers heights
from 30’ to 100" and lengths from 40’ to 120’. TFor the “7”? aerials, “the
table 1,n Fig. 21 covers heights from 30" to 100’ and lengths from 60’
to 240/,

The curves of Fig. 22 show the fundamental wave lengths of “L”
aerials without a loading coil at the base, and those of Fig. 23 the wave
lengths of the samce acrials with 10,000 centimeters at the base. The
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F1c. 23. The wave lengths of 4-wire “L* aerials with o loading of 10,000 centimeters at the base.

value of 10,000 centimcters may conveniently represent the secondary
inductance of the oscillation transformer. Fig. 24 gives the funda-
mental wave lengths of “7”’ acrials of various dimensions, and Fig. 25
their wave lengths with 10,000 centimeters at the base.

These data do not check up ldentically with the practical antennae
of the given dimensions, but the figures are sufficiently close for approxi-
mate computations.
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diagrammatically the fundamental circuits of the amateur’s wireless
transmitter, marked with the values of inductance and capacity in the
closed and open circuits which will cause these circuits to resonate at a
frequency equivalent to 200 meters. Let the beginner understand that
other values of inductance and capacitance will also afford the wave
length of 200 meters as should be clear from the curves of Figs. 22 to 25.
These particular values were selected to show the method of computation.
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Fia. 25. The wave lengths of 4-wire '“T" aerialy with a loading of 10,000 centimetera at the base.

As an illustrative example let us determine the dimensions of in-
ductances L and L, in Fig, 26 to equal 1400 and 32,480 centimeters
respectively. If the mean diameter and length of a coil are first
decided upon and the inductance required is known, we may determine
the required number of turns by transposing the ¢nductance formula to
follow. But rather than do this a primary and secondary coil will be
selected which are known to be near to the inductance desired and their
inductances computed in accordance with the formula. This will show
the experimenter how to use the formula so that he may calculate the
Inductance of any primary and secondary coils he may have at hand.
One or two trial computations will reveal the correct dimensions for any
given inductance in practice.

Nagaoka’s formula for computing the inductance of coils may be
expressed as follows:

L=4m*———K (40)

~
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Where

L =inductance in centimeters

a =mean radius of the coil in centimeters
n=total number of turns

b =equivalent length of coil in centimeters

K =a factor varying as %—;—1

T 008 MF (400 CMS
\ ¥

!

Nmantdss sl

—
l —® O

N A- 200 METERS

Co= .000258 MF:
La 11666 M5

~—Lqe 32480 CMS
- w2000 METERS

—_—
—
—_—
—

Fi6. 26. Showing the electrical constants of the closed and open circuits of the amateur transmitter for
the wave length of 200 mneters.

20
b
Bureau of Standards Bulletin No. 169, Vol. 8, No. 1).

_Adopting a coil of dimensions which is known to be suitable for the
primary of Fig. 26, we will make it of three turns of copper tubing 34"
in diameter, as a econduetor of low resistance is cssential to this circuit.

The mean d_iameter will be 7” and the distance from center to center of
each turn will be 17, that is, the pitch of the winding is 1”.

b= EQUIVALENT LENGTH = NxD, WHERE
b N=WHOLE NUMBER OF TURMS
'® AN FOR A CLOSE WINDING D~ N=D .

.o Y
2.0 « MEAN RADXUS

The values of K for the ratic < appear in Fig. 27 {taken from page 224,

O D - OVERALL LENGTH
D * DISTANCE BETWEEN CENTERS =
1 X DIAMETER OF CONDUCTOR |
- - - > INCLUOING INSULATION FOR A~
I AX1S CLOSELY WOUND COlL. '
g

B 20. O
Lggooo |

Frc. 28. Showing how the dimensiona of a coil are related to Nagacka’s and Lorenz’s inductance formulae,

Fig. 28 shows how the dimensions of the coil arc connected with the
formula; @, the mean radius is the distance from the center of the coil to
the center of the wire; 2¢ is the mean diameter; b is the overall length
which is n X D, where n is the whole number of turns and D the pitch
of the winding.
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The pitch of the coil above is 17, that is, 1t 1s 17 from the center of
wire No 1 (Fig. 28) to wire No., 2. The “equn alent length’ is there-
fore 3X 1 or 3",

- Using the notations in formula (40) and remembering that 1" =2.54
ems.

" p=3 )
b=(3X2.54)=7.62
a={314X2.54)=8.89

4 72=39.47
2a T .
3 ’_'3' "2.330

Entering Fig. 27, following the line leading from the notation 2.33
in the B column to curve B, and thence downward to the horizontal
axis {using the B notations), we find 2.33=0. 49 (approx. ) the valuc of K.
Hence,

(8.89)2 X (3)?

L=39.47X = 60

X0.49 =1805 cms.

a value in excess of the desired primary inductance but preferably so, as
will be explained.

USE OF THE CORRECTION TERM.—The mmductance computed
by formula (40) is termed the “‘current sheet’” inductance, based upon
the assumption of a eoil wound with infinitely thin tape, the turns of
which touch but are not in electrical contact. The *“‘current sheet”
length of a coil 1s equal to the whole number of turns multiplied by the
pitch of the winding. Dr. Rosa has given a correction factor for the
prﬁctical coil, which is negligible with some coils and important with
others

The result obtained by formula (40) is sufficiently accurate for the
amateur’s needs, but if he desires greater precision he should apply the
correction formula the use of which follows:

Letting

' =current sheet inductance as in {40)

true inductance

1
L=
Lc=the correction value, then
Li=Le—Lg.

%&1 other words, L, must be subtracted from I, as obtained from (40).
ow

Lc=4<'ﬂ'an (Kz‘l"Ks) . (41)

Here, K, is a constant ii-z where D is the pitch of the winding (the

distance from center to center of successive turns) and d the diameter of
the wire. K, takes into account the difference between the true induct-
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may be positive, negative, or zero, To the left of the zero line Fig. 20
it is negative, to the right, positive*.
Applying formula (41) to the problem just worked out we have

first d =0.25 and from Fig. 29,

D
K,=—0.8 (note negative sign)
n =3 and, therefore, from Fig. 30, K;=0.175 (approx.)
49 =12.566 . :
Hence

Le=12.566 X8.89 X3 (—0.84-0.175)
Le=12.566 X8.80 X3 (—0.625)

Le= (—208) cms.

L = Ly—1,:=1805—(—208) =2013 emns.

The value, 2013 centimeters, is too large, for according to the previous
calculations the inductance of the primary I should not exceed 1400
centimeters. Moreover, 400 to 500 centimeters must be allowed for the
connecting leads leaving about 900 centimeters (0.9 microhenry) as the
actual inductance of the primary L, Fig. 13 or Fig. 26. This will mean
tn practice that not quite two turns of the primary of the dimensions we
have selected can be employed, for x =200 meters. But it is well to have
an additional turn or more, as it is doubtful if the amateur by using
formula (34) can predetermine the dimensions of a condenser to have
the exact capacitance of 0.008 mfd., beeause 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 approximate number of turns required before
going about the construction. The amateur may use formula (40) to
calculate the inductance of any primary or secondary coil he has at
hand, whether used in the transmitting or receiving radio frequency
circuits.

DETERMINING THE ANTENNA INDUCTANCE.—We have shown
that approximately 32,000 centimeters were required at the base of the
aerial in Fig. 26 to raise its wave length to 200 meters. We may assign
part of the inductance to the secondary of the oscillation transformer and
the remainder to the aerial funing inductance. We will allow 10,000
centimeters for the secondary and 22,000 centimeters for the aerial tuning
inductance.

The primary coil as already determined consists of three turns, spaced
1" from center to center and with a mean diameter of 7”. The secondary
may be larger in diameter, or smaller, or the same size. It is rarely
necessary to build the oscillation transformer so that tuese two coils are
telescopic. Sufficient coupling is generally provided when the coils
are placed “end-on.”

We will arbitrarily make the secondary eoil of the same mean diam-
eter, with a smaller conductor and less spacing between turns. We will

* Values of K2 and K3 may be interpolated from page 284 ‘“Radio Instraments and Measurements.”
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use a secondary coil of 10 turns of 345" copper tubing, with a pitch of 3/”
and 2 mean diameter of 77,
Using formualac (40) and (41),

equivalent length =n XD =10x3{ =T714"
=10 turns
G:( 315X 2.54) =8.89 cms.
(714 X2 .54) = 19.05 cms.

7
7.5

& =0.703
L=3947X

{2 ot
ll

D
-

cfl

8. 892X 102

v [
T 05— X0.703=11,509 cms.

For the correction term using formula (41)

4 ==12.566
a=8.89 ems.
n =10 turns
d 0.1875

B=5E = 0.25. Thereforf: K;=—0.8

K.=0.266
Le=12.566 X8.80 X 10 (—0.8340.266)
=12.566 X8.83 X 10{(—0.564)
=—0628 ems,
L=11509—(—628) =12,137 cms.

This value is too high but it is well to have an extra turn or rhore to
make up for inaccuracies In other computations.

The primary and secondary- coils of the amateur transmitter need not
have the overall dimensions given, viz., primary 3"x7” and the secon-
dary 714"x7”. Other diameters, spacmgb, and lengths are satisfac-
tory. These dimensions were selected principally to indicate the method
of computation. They are, however, correct for an amateur’s trans-
mitter. The spacing between turns should not be reduced unless insu-
lated wire is employed, or the secondary voltage of the power trans-
former is less than 106,000 volts.

N

INDUCTANCE OF THE ANTENNA LOADING COIL.—It is now
necessary to determine the correct dimensions of a coil to have inductance
of 22,000 centimeters. We will arbitrarily use a loading coil of the same
dimensions as the secondary but twice the length. The experimenter
must understand that a coil twice the length of our first calculation will
give more than twice the inductance. But as explained in connection
with the previous problem, a few additional turns are desirable.

Using the previous dimensions in regard to spacmg and diameter,
we will make the aerial tuning mductan(c of 20 turns of 3{" copper tub-
ing with a winding pitch of 3{"” and a mean diameter of 7”.
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Using formula (40),

equivalent length =20 X34 =15”
, n=20 turng
a=(313"x2.54)=8 89 cms.
b=(15X2.54) =38.1 cms.

K =0.828

1,=30.47 x 2897207

38 1 X0.828 =27,117 cms.

For the correction factor using formula (41)

4 =12.5606
a=8.80
n=20

d 01875 . -
5= 075 =0.25. Therefore Ky=—0.8

K3=06
L =12 .566 X8.890X20 (—0.84-0.3)
=12 566 X8.80 X 20(—0.5)
=—1117 ems.
L=27 117—(—1117) =28,234 c¢ms.

The few extra turns will make up for inaccuracies due to factors
surrounding thc antenna which the wave length computations do not
take into account.

Should the dimensions of the amateur’s aerial differ from those
given in the tables of Figs. 20 and 21, and should he desire to calculate
the dimensions of a sccondary coil to raise the wave length of 200 meters,
he should employ the inductance and capacitance of the aerial in the
tables that correspond closely to the dimensions of his aerial, and
compute as explained in eonnection with formula (39). Simple methods
of measuring the inductance and capacitance of any aerial will be des-
cribed on pages 297 to 300. After the values have been determined by
measurement, the neceessary secondary inductance for a given wave
length may be computed with considerable accuracy.

FINDING THE NUMBER OF TURNS FOR A GIVEN INDUCT-
ANCE.—Suppose it is found that for a given wave length a secondary
coil of 35,000 centimeters is required. By transposing formula (40)
we may determine the required number of turns provided we first decide
on the mean diameter and the length of the coil.

From (40),

ne = Lb (42}
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Where

% =number of turns
¢ =mean radius in cms.
b=Ilength of ‘‘current sheet”

_2
b

L =inductance 1a cms.

Since there are » turns in the length b, the coil must be wound with a
pitch —S— . If the pitch proves to be less than the diameter of the wire,

or gives a winding with the turns too close, the designer must assume a
new length and try again.

It is clear that if the coil is to be used as the secondary of the oseilla-
tion transformer in a transmitting set, it must withstand high voltages,
and the turns must therefore be well spaced

Let us arbitrarily take a coil of 34" copper tubing, wound on a form
24" in length with a mean diameter of 7", and determine the number of
turns required for an inductance of 35, 000 centimeters.

Using (42) above,

=314 2.54 =8.89 cms.
b=24X2.564 =60.96 ems.

2¢ T .
=-—=0.2 .2
3 =31 0.29. (From curve ¥ig. 27)
K=0.887
L=35,000
4t =39.47
35,000 X60.96

= R0 47 X (8.80)7 <0887 |1 approx.

n= V¥ 771=27.8=28 turns (approx.)

b _60.96 po b _24 »
=53 =2.17 ¢ms.=0.85" or, R—E—O%

That is, for an inductance of 35,000 centimeters on the above form
we must wind 28 turns of 34" tubing, spaced 0.85” from center to center,
This gives ample spacing between turns for moderate voltages.

INDUCTANCE OF A FLAT SPIRAL.—The pancake type of oscilla-
tion transformer is widely used. It consists of a few turns of copper
strip or ribbon mounted on a bakelite or hard rubber base. It offers
the convenience that a sliding contact may be mounted on a revolving
arm, by which the inductance may be varied by any small fraction of a
turn. The construction is slightly more difficult than the plain helix
type and the caleulation of the self-inductance rather tedious.

The following formula is applicable. For extreme accuracy a cor-
rection term must be applied. 1t is purposely left out here as the error*
will not harm 1n the practical amateur set.

*See pp. 260-261 ““Radio Instruments and Measurements,”
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Fic. 31. Showing how the dimensions of a ‘‘pancake’ coil are related to the inductance formula.

TABLE VI
1';— or -;— Y = Ys
0. 0.5000 0. 0.597 )
0.025 .5253 .025 .508
.05 .5490 0.05 .500
.10 .5024 .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 .50 .677
0.55 0.8081 ' *0.55 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

F1g. 32. Table of constants for use with formula (43) for spiral pancakes.

The following expression applies to pancake coils where b 1s less
than c.

L=.01257 an?| 2.303 <1+-—Ii+ c ']ngS_g_yl_{__c_?_ Y3 (43)
) ' 32a% " 96a? d 16a?
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Where

L =inductance in microhenries
n =number of turns
b=width of ribbon (equivalent length)
- ¢=n XD, where D =pitch of the winding = center of cross section of one turn
to center of next turn

d = Vb*+¢2 =diagonal of the cross section .
a=meanradius =a;+%5 (n—1) D,wherca; =14 of the distance AB, in

Fig. 31
c b
F or ?":yl
> from table Fig. 32.
b,
c

J

Assume the coil in Fig. 31 consists of 5 turns of copper ribbon 14"
in width, 1/,,” in thickness wound with a pitch of 34”. The inner diam-
eter A to Bis4”.

Remembering 1 inch=2.54 c¢ms. the following data obtains:

n=>5
b=14x%X2.54=0.635 cm.

a1=4><§'54=5.08 em.
D =34X2.54=0.9525 cm.

10.16
a= 5 +14  (4X0.9525) =6.985 cms.
c=nXD=5X0.9525=4.7625 cms.

b 0.635 )

= 17695 =(.1331 and from table Fig. 32
11 =0.6180 and y;=0.6059

a?=48.79 bt =0.4032 c2=22.6814
d= Vb4c2= v 0.4032+4+22.7214 = 1.808

8a 58.88

Therefore,

0.4032 , 22.6814

5358 75195545 79 ) 1.0652—0.6180

L =0.01257 X6.985 X 25 [2.303 (1+~

22.6814

T16x48.79

0.60597 ] =4.3128 =4.3 microhenries (approx.) =4300 centi-
(meters.

A couple of turns of this coil would be sufficient with a condenser of
0.008 mfd. for the wave length of 200 meters.

TRANSFORMER DESIGN.—The following discussion deals in gen-
eralities. The author’s aim is to give the amatcur an insight into the
relations between factors in transformer building. The phenomena of
resonance and magnetic leakage are not taken into account.
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Fic. 34. General construction of high voltage transformers suitable for amateur stations.

kept at a minimum by insulating the sheets of iron from one another by
dipping them in varnish or some other insulating compound. Rusty
sheets of iron have sufficient resistance to reduce eddy currents.

The hysteresis losses are produced by the rapid reversals of flux
through the core, which cause molecular friction and result in the gen-
eration of heat.

The quality of the iron, in so far as it pertains to its saturation point,
has a marked effect upon the efficiency of the transformer. It is to be
thoroughly understood that in the designs to follow, the use of the best
transformer silicon steel is assumed, such as the ‘“Apollo special extra,”
or ‘“‘Apollo special electrical.”” The latter is a standard in the manu-
facture of 60-cycle transformers. The standard gauge for 60-cycle
work is usually No. 29, the thickness of which is 14.1 mils=0.014".
Steel of a slightly heavier gauge may be emploved if desired.

The hysteresis loss in transformer cores may be calculated approxi-
mately by the following formula:

KX N XB'6
107

Wh =loss in watts per cub. cm. of core
N =frequency in cycles per second
B =flux density per sq. cm.
1 sq. inch=6.45 sq. cms.
107 =10,000,000
K= hystereSIS coefficient varying from 0.0006 to 0.006
=0. 00121 for plain transformer steel =0.00093 for the best grades of silicon
stee

W= (44)

The eddy current loss may be determined by

K X(tX NXB)?
W= RXUXAXD) (45)

Where

W.=loss in watts per eub. em. of core
K =1.65 for plain transformer 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 cross section.
10" =100,000,000,000. 1inch=2.54cms. 1 sq.inch=6.45sq. cms.
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TABLE VII1

WATT LOSS PER LB. IN s’mcgN STEEL TRANSFORMER
CORE

K =0.00092 approximately
n =60 cycles

=14 mils .
Total hysteresis
Kilolines per Lines per and eddy current Hysteresis loss loEsdsig f: I;Z%tts
sq. cm. 5q. inch loss in wsatts per in watts per 1b. per ib,

2 12903 0.15 el |
3 19354 0.20 15 L.
4 25806 0.25 0.20 0.05
s 32258 0.30 0.25 0.05
6 38709 - 0.50 0.40 0.10
7 45161 0.60 0.48 0.12
8 51612 0.75 0.60 0.15
9 58064 0.88 0.70 0.18

10 64516 1.00 0.80 0.20

F1a. 35. Edd{ current and hysteregis losses for the best grades of silicon transformer ateel expressed in
watts per lb.

It is convenient in transformer design to consider the two core losses
as one. If the fotal core loss be expressed in watts per pound and the
loss to be expected in a given transformer can be predetermined, it is
clear that

core losg

Tossperlb. =total weight of transformer core. (46)

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

weight in lbs.
0278 (47)

volume of corein cubicinches =

The third column of the table 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 transformer
steel. The fourth column shows the hysteresis loss and the fifth eolumn
the eddy current loss.  This table is correct for the frequency of 60 cycles.

. For the best grades of silicon stee! at 60 cycles, it is safe to allow a
flux density of 60,000 lines per square tnch. For higher frequencies the
density should be proportionally less. At 500 cycles, for example,
15,000 to 20,000 lines per square inch is the maximum permissible satura-
tion.

For operation at 60 cycles much lower flux densities must be cm-
ployed for the poorer grades of iron often used by amateurs—not over
30,000 lines per square inch. This calls for an expensive design, i.e.,
increased number of primary and secondary turns with inereased copper
losses.

At this point the builder should understand that maximum efficiency
is generally obtained when the copper losses=the core losses. The
design of a 14 kw. 60-cycle transformer follows.
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THE DESIGN OF A 15 KW. 60-CYCLE, 15,000 VOLT TRANS-
FORMER.—We will determine the dimensions of a14 kw. 60 eycle trans-
former built after the sketch of Fig. 34, the primary to operate off 110
volts and the secondary to deliver 15,000 volts. ,

If there were no magnetic leakage the secondary voltage would bear
the rclation to the primary voltage as the ratio of the secondary and
primary turns, that is, if £,=secondary voltage, T,=secondary turns,
E, primary voltage, T; = primary turns, then

B T
Ep Tp

(48)

For a preliminary computation no great error results in considering
the leakage to be zero. |

From (48) we may obtain the ratio of transformation for if Ep=110
volts, E,=15,000 volts, then

E, 15000

&, T 110 1903

This means that the secondary must have 136.3 times the number of
turns in the primary in order that the secondary e.n.f. may equal
15,000 volts.

The primary turns may be obtained from the formula following, which
is the fundamental equation for the transformer:

Ep X108

To= T TiXa X BEXH

(49)

Where

Tp=primary turns
Eyp=primary voltage
a = cross sectional arca of the core in sq. inches
B =flux density per sq. inch of core cross section
N =primary frequency

It is to be noted that the number of turns depends solely upon the
e.an.f., flux and frequeney. The size of the wire is determined by the
capacity of the transformer.

In the problem under consideration F and N are known, but «, the
cross sectional area, is preferably decided upon from knowledge gained
through experience, and B, the flux density, by the permeability of the
transformer steel to be used.

With the best grades of transformer steel it is safe to allow 60,000
lines of force per square inch. We will make the height and width of
the transformer core 134”.

Hence,

E—=110. 108=100,000,000. e=1.75x1.75=3.0625". B=60,000. N =60.
110 X 100,000,000

_ ~ 90K o
T o= T 20 (3 0625 %60 D00 X060~ 220 turns
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For the secondary turns, transposing (48),

E
Ts= E:) XTp
T, = 151’?80 225 =30,660 turns.

The procedure from this point on is to determine the resistance of the
primary and secondary turns, the primary and secondary currents, and
the length of the cores upon which 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.

SECONDARY ..., T
=L YNUAR o
§ INsuLATION
‘.\‘\ ‘—cw
¥
e
[¥p)
-?;F ] :
3 5§ —— g—
5 KW 60 CYCLE
e
| PRIMARY - -+ & INSULATION| "B
a .-
74 —1 7 —f
14 MILS 14 MILS
? f r £
-y g
L s

F1a. 36. General core dimensions ot a 14 kw., 60-cycle, 15,000 volt transformer.
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The builder must bear in mind that the maximum cfficiency is gen-
crally obtained when the total copper loss=the fotal core loss.

To keep the voltage between layers at a safe value the secondary
should be made up of “pies” 14” 1n width. After the pies are wound
they should be thoroughly impregnated with molten paraffine and
scparated from one another by discs of empire cloth.

If the secondary is divided into 18 pies 14” in width, the space re-
quired by the pics will be Ol—g5=4.5”.' Micanite or fibre washers (or sim-
ilar insulating material) should be placed at each end of the secondary
to prevent the high voltage currents from discharging through the core.
If 34" is allowed for the taping of the secondary pies and the insulating
discs between, and 14" for the end washers, it is clear that the length of
the secondary will be 4.564+0.75+0.25=5.5", which is the height of the
transformer window Fig. 36.

The length of the core obviously is 5.5 41.75 +1.75=9"; and the
length of the two eores=9X2=18",

The volume of the two cores in eubie inches=1.75X1.75X18 = 55.1.

If the copper losses in the primary and secondary are now determined,
the core losses may be fixed and the length of the yokes determined
aceordingly.

To obtain the mean fength of a secondary turn, and hence the total
number of feet in the winding, it will be assumed that the eoil is rect-
angular in shape, although even if the winding 1s begun on a square
form it will gradually become a cirele. It 18 necessary first to determine
the sizes of the wires. The sizcs of the primary and secondary wires are
determined from knowledge of the primary and secondary currents.
The currents should be caleulated from the k.v.a. readings, which as
explained before involve the power factor.

The power factor in transformer cireuits is usually rather low, not
much over 0.8 and since for the primary circuit,

Then the primary current,

54

Lh=ToxPrF.

=900 5 amperes (approx.)
110X0.8 '

The sccondary current,

Iy= ..?J%.E_{E. (51}

Hence

110X 5

Is =m ={1.036 ampere.
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TABLE IX
WEIGHTS OF SMALL SIZES OF MAGNET WIRE
(G. E. Co.)
Size Weight in Pounds per 1000 Feet

B. & €. S.C.C D.C.C. S.S.C D.S.C Enamel

10 ... 31.9 e

13 16.0 ...
14 12.684 12918 | .. .. e 12.684
15 10.082 10.274 .. e 10.053
16 8.012 8176 | ... 7.973
17 6.375 6.510 | ... 6.322
18 5.081 5188 | ... .. 5.009
19 4.043 4.130 | .. 3.966
20 3.215 3.280 | .. 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 1.208 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 A2 137 .110 119 .101
36 .099 112 .089 .096 .081
38 | .058 .065 .051
40 | 037 040 031

Fi1G. 37a. TUseful table giving the weights of small sizes of magnet wire.

For small transformers, 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 square inch. We
will allow 1200 for the primary and 1000 for the secondary.

The diameter of the primary and secondary conductors may then be
determined from the formulae following:

Current density =—‘i—
where .
I =current in amperes .
A =area of the conductor in square inches.
Transposing,
_ I
" current density

For the primary

5

1200

0.0041 square inches.

(52)
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For the secondary

0.036 .
A= 1000 =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,

30660

turns per pie =g = 1703 turns.
From the table Fig, 37, turns per
inch, No. 33 d.c.c. =064
Turns per 14” layer = b: =16.
Layers per pancake = I_I%? =106.
From the table Fig. 37, diameter
of No. 33 d.c.c. =0.01508".
Depth of secondary winding =106<0.01508 =1.59".

* If the secondary pic is rectangular in shape as the core, and the core
is covered with insulation 14” in thickness, then

the mean length of a secondary

turn = (1.75+4+1.59+0.125) 4=13.86".
Number of feet in sccondary 30660
winding =13.86 X SUR =35,412.3 ft.

From the table Fig. 37, resistance
of No. 33 B&S wire per
1000 ft. - =211 ohms.
Resistance of secondary =35.4123 X211 =7472 ohms.

Allowing 5” winding space for the primary we find from the table
Fig. 37 that No. 13 d.c.c. wire permits 11.88 turns per inch, hence

turns per layer =5X11.88 =59.40 =60.
The number of layers = %%—5 =3.75=4

From Fig. 37, diameter of No. 13
d.c.c.

Depth of wmdlng

Allowing 1{s” for insulation be-
tween primary and core,

0.083”
0.083"” X4 =0.332"

N Ilr)xeanfl?ngt_h of turn ; = (1.75+0.0625+0.332) 4 =8.57"
umber of feet 1n primary wind-
ing =252, 57 _160.6=161 ft.

From table Fig. 37 resistance of .
No. B&S per 1000 ft. =2.04 ohms
Resistance of primary =161X2.04=0.328 chm
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Having determined the resistances and current for the primary and
secondary windings, the primary loss may be cxpressed:

Wp=13 Ry | (53)

The secondary loss:
We=1 Rs (54)

Henece
Wp=5X5X0.328=8.2 watts
Ws=0.036X0.036 7472 =9.68 watts

Total copper losses =9.68+8.2 =17.88 watts.

As already noted the core and copper losses should be approximately
equal. Hence, core loss=17.88 watts. Assume that the transformer
steel {at a flux density of 60,000 lines) has a core loss of 0.82 watt per 1b.
at 60 cycles (which 18 a fair average for silicon steel), then 1t will re-

quire 107 '8828321.7 lbs. of stecl for the complete cores and yokes. But
since 1 cubic inch of transformer steel weighs 0.278 lbs., the core must

21.7 ..
have a volume of 0.278:78 cubice inches.

We know that the length of each coreis 5.541.7541.75=9", and two
cores=2X9=18". Hence the volume of the cores (as previously
shown) in cubic inches=1.75X1.75X18=55.1". This leaves 78—55.1
=22.9 cubic inches for the yokes., Dividing the volume of the yokes by

the cross section we obtain the length of the two yokes, i.e., 323635

=7.47"7. Dividing this by 2 gives 3.73" (3.75” approx.) asthelength of

each yoke.
The dimensions of the completed transformer are given in Fig. 36
and in the table Fig. 38, The long pieces of steel are 5.54+1.75=714"

in length. The short pieces are 3.754+1.756=514" in lcngth

If the steel is 0.014” in thickness there will be required, 0%1— 125

sheets for each core and yoke. That is, the builder requires 250 of the
long sheets and 250 of the short sheets mentioned in the paragraph

precedmg
It is now in order to determine the over-all efficiency of the trans-

former.

o

Efficiency =

output
output,—i—lron losses+-copper losses

500

— — o7
500417 .88+ 17.88 93.3%.
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The tablc in Fig. 38 gives the dimension of }4, 14, and 1 kw. trans-
formers to operate off 60 cycles-at 110 volts. The secondary voltage is
approximately 15,000. ‘

Sketches of the dimensions of the 60-cycle transformers appear 1n
Figs. 36, 39 and 40. :

13— 6§ -

8

: .T-
|

. 4%' -
- £ KW 60 cycle '
33
3]
1. !
“ 73" -
14 WiLS | : L ‘ /14 MILS
1315
[
=> 6{ ’ 5%.&--—0—

Fic. 39. Genersl core dimensions for a ¥4 kw., 80-cycle, 15,000 volt transformer.

Data is given also for the design of a 14 kw. 500-cycle transformer.
The total core loss per pound at this frequency is 1.2 watts. Data and
constructional dctails for 500 cycle transformers of other capacities are
not, given for the reason that the amateur usually does not possess a
500-cycle source. The dimensions for other inputs may be obtained by
the line of reasoning presented in connection with the 60-cycle trans-
formers. The results will be approximate but a series of subsequent,
experiments with the desired secondary capacity in shunt will reveal the
corrcet, operating characteristics. For example, a lesser or greater
number of primary and secondary turns may be tried with a wattmeter
and ammeter connected in the primary circuit to determine the mose
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satisfactory adjustments. Usually a primary reactance or choke coil
external to the transformer will permit the desired regulation of current
and watts input.

The theory of the open core transformer has not been touched upon
because the formulae for their design are for the most part empirical.
The designs for the two sizcs given, however, have been tried out in
practicc and have proven satlsfactmy The closed core transformer
for a given output requires Iess material than the open core and is, there-
fore, less expensive to build.

}- r -|- — i ]
3
_f'
| |
= 9" »
9.7
1 KW. 60 CYCLE 37"
57"
t X
e 13“ .
4 MILS '.-14 MILS
[
T Iy
{ &

F16.40. General core dimensions for a 1 kw., 60-cyele, 18,000 volt transformer.

SIXTY-CYCLE TRANSFORMERS AT LOWER FLUX DENSI-
TIES.—The builder should note that the table for 60-cycle transformers
calls for the use of high grade transformer sieel. If poorer grades of steel,
i.e., plain stcel or Russia iron, are employed the core losses are greater,
requiring many -additional pounds of wire to give the same voltage as
the transformers with the better grades of steel.

To illustrate the point, assume that the transformer steel will only
permit 30,000 flux lines per square inch; then the 1 kw. 60 cycle trans-
former, operated at the voltages and frequencies given in the preceding
table will require a core 2” square, with inside dimensions 11"x6” and
outside dimensions 15”x10”. The primary will require 320 turns of
No. 10 d.c.c. {295"), and the secondary 44,000 turns of No, 31 d.c.c.
(64,336’). This amounts to 9.4 1bs. of wire for the primary and 19 1lbs.
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for the secondary. The sceondary may be split into 24 piles, 14" wide,
with 1833 turns per pie. ‘

The 14 kw. transformer will require a core 134" square, with inside
dimensions 513" x 714" and outside dimensions 9" x1034". The primary
will require 450 turns of No. 13 d.e.c. (375') and the secondary 61,335
turns of No. 34d.c.c. (83,376'). This amounts to 6 1bs. of wire for the
primary and 13.3 Ibs. for the secondary. The secondary turns may be
divided between 24 pies, 14" wide, with 2535 turns per pie.

TABLE XI
DATA FOR SPARK COILS
Lepgth of Insulation over Size wire Primary
Size Di1. core core core in layers primary turns
) 1 . Vg~ s1¢” 2 layers emp. cloth No. 18 170
2" b7 77 2 layers emp. cloth No. 16 184
3 3,7 ? 2 layers emp. cloth No. 16 208
47 1" 83{” 3 layers emp. cloth No. 16 232
Thickness Na. Sq. inches of
insulation Size sec. No. 1bs. gections toil vibrator
Size over primary wire sec, sec, condenser
1”7 6 layers emp. cloth No. 38 ! ¢4 1b. Z sect. 800
2”7 6 tayers emp. cloth No. 36 i 1b. 2 sect. 1400
3 8 layers emp. cloth No. 36 114 1b, 2 sect, 2000
4" 8 .ayers emp. cloth No, 36 2 1bs, 3 scct. 2500
{16. 41. Winding data and generul dimensions of spark coils suitable for low-power smateur transmitters.

The ¥4 kw. transformer will require a core 114" square, with inside
dimensions 237x414”7, and outside dimensions 514"x714”. The
primary is wound with 611 turns of No. 16 d.c.c. (478’) and the sccondary
with 83,279 turns of No. 34 enamel (83,265"). This amounts to 4 1bs.
of wirce for the primary and 10 Ibs. for the secondary. The sccondary
may be split into 15 pies, 14" wide, with 5551 turns per pie.

A table of the dimensions and general data for spark cotls is given in
Fig. 41, General dimensions are given for 17, 27, 3" and 4” coils to be
operated off 6 to 12 volt storage batteries.

A fundamental wiring diagram of an induction eoil with a magnetie
interrupter i3 shown in Fig. 41a. P, the primary coil, is wound over the
iron core C. The core is composed of a bundle of fine iron wires (No. 22
or 24) which are bound together with tape and then covered with one
or two layers of empire cloth. The secondary S is split into sections.
Each scetion 1s wound with many layers of wire separated by thin sheets
of paraffined paper. The condenser K-1, prevents arcing at the in-
terrupter contacts. 'The dimensions of the eondenser for various coil
sizes are given In the table. They are made up of several sheets of tin-
foil separated by paraffined paper.

PRIMARY IMPEDANCES OR “CHOKES.”—Primary chokes or
reactance coils must be employed with the 60-cycle transformers, de-
signed In accordance with the data in Fig. 38, The flux leakage in thesc
designg 18 comparatively low, and when the spark discharges across the
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gap, the transformer is on short circutt. This may cause an excessive
vise of the primary current and may burn out the transformer.

f @ @ ™\
S-1

Y s A

%
10083
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i

| + Bt —~
“—~— I

Fig. 41a. Fundamental wiring diagram of an induction coil for the production of high voltage currents
from & d.c. source.

An experimental primary choke for the 1 kw. transformer may be
made on a core 27 square, 15” in length wound with 4 layers of No. 9
d.c.c. wire. The coil may be tapped at the middle and ends of each

ey o =

Fic. 42. Reactance regulntor of the open core type. Such chokes are useful for regulating the powerinput.
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layer, and leads brought out to a multipoint switch. As an alternative
the coil may be wound on a tube so that the core ean be moved in and
out of the eoil. Very close regulation of the primary current may be
obtained in this way and the necessity for a multipoint switch avoided.

The choke for the 14 kw. transformer may be wound on a core 134"
square, 15" in length wound with four layers of No. 13 d.c.c. wire, tapped
in the middle of each layel

The choke for the 14 kw. transformer may be wound on a form 114"
square, 14" in length Wound with four layers of No. 14 d.c.e. wirc. The
coil is tapped in the middle of each layer.

Fie. 43, °'U"” shaped reactance coil,

These primary chokes will be of considerable value in obtaining
resonance hetween the transformer and the frequcney of the source.
Such regulation 1s particularly desirable if a series multiplate spark gap.
is employed The chokes must be employed, in any event, to cut down
the primary current.

The chokes may be wound on a straight iron core as in Ifig. 42, or
on a ‘“U” shaped core as in Fig. 43. The reactance of the choke in
Fig. 43 1s varied by drawing the iron core in and out of the coils 4 and B.

MAGNETIC LEAKAGE.—With all types of spark transmitters, the
power circuits should be designed to have a certain amount of marrnetu,
lcakage. The reason for this is that the discharge at the c:park gap
places the secondary of the transformer on short circuit. 'This not only
causes an excessive rise of current which may burn out the transformer,
but the arc formed at the gap prevents quenching of the primary oscilla-
ttons. Lack of quenching permits the antenna circuit to re-transfer a
part of ifs energy to the spark gap circuit and this interchange 6f energy
raises and lowers the impedance of the oscillation transformer so that
oscillations of two frequencies flow in the antenna circuit resulting in
double wave emission.

To secure single wave emission under such conditions, the coupling
of the oscillation transformer must be reduced until quenchmg takes
place. This, of course, decreases the antenna current and, accordingly,
the range of the set,
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On the other hand if the transformer circuits have sufficient magnetic
leakage the primary current is limited to a definite maximum; there is
then less tendency towards arcing at the spark gap, the spark note is clearer
and a closer coupling may be employed at the oscillation transformer.

Fig. 44. A magnetic leakage gap placed between the primary and secondary cores of a closed core trans-
former for regulation of load.

) )

FIGURE 45 FIGURE 46

Fic. 45. Showing how magneti¢ leakage may be obtained by mounting the primary and secondary coils
on the short legs of a transformer core . . )
Fig. 46. An external magnetic leakage gap suitable for high voltage transformers.

The requisite flux leakage does not necessarily take place in the
transformer. Special design of the alternator gives flux leakage at the
armature when the transformer is short circuited. The primary chokes
described in the preceding paragraph give practically the same effect.
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Figs. 44, 45, and 46 show how magnctic leakage may be secured.
In Fig. 44 tho tonrrues A B, form an air gap across which leakage takes
place, In Fig. 45 the primary P and sccondary S are w ound on the
short legs of the corc thus giving leakage through the yokes Y. In
I'ig. 46 the transformer core " has the adjustable air gap A B, through
which the proper regulation may be obtained. Exper 1mentat10n with
these various methods permits the builder to obtain any desired oper-
ating characteristic. The power factor may thus be brought up to
0.8 or 0.9 and wastage of the primary power may be thereby prevented.

RESONANCE TRANSFORMER.—The principle of resonance has
been utilized in transformer circuits to assist quenching of the primary
oscillations by preventing arcing at the spark gap. As an illustration,
take the cireuit of Fig. 47. Since the primary coil and the \econdary
coil of the high woltqge transformer arc closely coupled, any change of
capacity in the sceondary condenser will tune the primary eircuit, in-
cluding the armature coils of the alternator, to the frequency of the
source N as well.

VARY REACTANCE
x _,--" HERE

' VARY PLATES/  “GAP OPEN

. NOTE MAXIMUM
READING HERE  IN CONDENSER

Fic. 47. Showing how resonance muy be obtuined in transformer circuits such as are used in radio trans-
mitters.

Resonance may be established by varying the capacity of the high
voltage condenscr, noting the rcading of the ammeter 4, until a maxs-
mum is gecured. 01 the capacity of the condenser being fixed resonance
may be secured by variation of the reactance X. During this test, the
spark gap should be opened sufficiently to prevent sparking.

It then will be found that sorae value of sccondary capacity or a
(ombmatlon of some value of secondary capacity and primary reactance
will give a maximum as read at the primary ammeter.

The beneficial effects of resonance are then ag follows: When the
spark discharges at the gap, the secondary of the transformecr is short
circuited, the resonance condition between the source N and the trans-
former circuits is destroyed, and the gap potential falls off rapidly reduc-
ing the tendency to arec.  Due to the destruetion of the transformer arc
the primary oscillations are more effectively quenched and single wave
emission results,

It has been found difficult with resonanee transformers to maintain
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a uniform spark discharge; that is, a clear spark tone. If the trans-
former i1s worked from 15 to 20 per cent off resonance, the spark tone is
more rcadily maintained without sacrificing greatly the good effects of
resonance.

The natural frequency of the transiormer circuits is generally 15 to
20 per cent greater than that of the alternator. Just how much greater
it must be for satisfaciory operation must be found by expemmnt
for a great varicty of transformer designs are encountered in practice.
The resonance condition is dependent upon many things, such as the
inductance of the dynamo armature, the mutual inductance between
primary and secondary and the capacity of the sceondary condenser.

The secondary voltage of a resonance transformer may be considerably

greater than the turn ratio L A transformer not constructed with

T, °

particular regard to insulation may burn out as the resonance point is
approached. It may develop with some designs that the eapacity re-
quired for resonance will exceed the maximum possible for 20¢ meters,
viz., 0.01 mfd. Only the experimenter who possesses a motor generator
will be able to take full advantage of the resonance transformer phe-
nomenon, The varying power factor of transmission lines would intro-
duce a constantly changing set of conditions which could not be com-
pensated for rapidly enough to be cffective,

THEQRY OF SPARK DISCHARGERS.—When the closed oscilla-
tion circuit of a wireless telegraph transmitter acts inductively upon the
antenna circuit, and the spark gap is one in which the insulating qualities
of the included air are not quickly restored between sparks, part of the
encrgy of the antenna oscillations is retransferred to the closed circuit.
The mterchange of energy between the open and closed circuit results
i a complex action which modifies the frequency of the free oscillations
which would exist in the closed eircuit if it were not coupled to the
antenna, In fact, it results in the production of oscillations of two
different frequencies in both the spark gap and the antenna eircuits,
and the aerial radiates two waves.

Double wave emission tends to decrease the range of radio transmitters
and beyond this interferes with stations operating on other wave lengths.
The recciving apparatus can generally be tuned to one wave length only,
as the energy of the other wave is of no use. But if the radiated encrgy
be confined to one wave length ; the maximum effect will be obtained at
the receiver and the Liability to “jam’ another station is farther removed.

It is customary to say that “tight couplmg between the closed and
open cireuits results in “double wave emission,” whereas “loose coupling”
results in single wave emission. The truth of either statement depends
upon the construction of the spark gap, in fact upon the design of the
whole transmitter. Ior if a so- -called quenched gap be employed, single
wave emission is secured with rclatively close couplings at the OSCIIIatlon
transformer. But, if a plain gap or any type of gap in which there is
tendency to arc, be cmaployed, single wave emission is possible only with
loose coupling.

The qucnched gap transmitter allows the primary eirenit to oscillate
through but a few cycles, whereupon the primary oscillations cease,
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By this time the antenna oscillations have attained thelr maximum
amplitude but because the primary circuit 1s then silent, the antenna
circuit continues to oscillate at its own frequency and decrement until

|
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F1G. 47a. Graphs showing the complex oscillations obtained in coupled radio frequency circuits with
imperfect quenching.
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F16. 47b. Graphsshowing the primary and secondary oscillations in coupled circuits with good quenching.
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the energy originally imparted to it is dissipated.  With gaps which do
not quench readily, and with tight coupling at the oscillation trans-
former, oscillations of two frequencics are generated in both the closed
and open circuits. Single wave emission can only be obtained by re-
duecing the ftr ansformel coupling until a wavemeter shows but one
maximum. The antenna current will, on this account, be less than that
obtained with a gap giving better quen(hing

The spark gap phenomena just outlined are shown by the graphs of
Figs. 47a and 470, Graph 47a shows the complex oscillations obtained
with poor quenching and graph 47b indicates the results of good quenching.
In the latter case the primary oscillations stop after a very few swings
even when the oscillation transformer is closely eoupled.

We take the liberty of quoting o summary of the phenomena of spatrk
dischargers in radio frequoncy circuits from the author’s “Practical
Wircless Telegraphy:”

“‘It should be understood that a transmitter in proper adjustment for
practical use never radiates a double wave, but, in faet, should always
radiate a single wave, of wave length and damping normal to the antenna
circuit as adjusted, but with any transmitter two waves will appear if
the spark gap is not in proper condition. The remedy, in event of the
latter, is to restore the gap to i1ts proper working qualities or to loosen
the coupling at the oscillation transformer,

“When the spark discharges across the gap it acts as a trigger to start
the primary eircuit into oscillation and the stored energy of the condenser
will be transferred to the antenna circuit until in the course of a few
oscillations (the number decreasing as the coupling is closer), the voltage
in the primary ecircuit becomes so low that the spark will no longer dis-
charge across the gap; the primary oscillations will then cease. The
exact value of the minimum voltage for non-sparking will depend upon
the resistance of the gap.

“The resistancc of the spark gap always increases as the oscillating
current decreases and if it were not for the burnt gases which exist in
the immediate vicinity of the discharge gap the orlgmal resistance would
be restored at the end of the first half oscillation. Since there is a lag in
the cooling and dissipation of the hot gases this does not oceur, but if the
gap is properly cooled, that is—the electrodes do not get too hot, the
resistance becomes so high after a few oscillations that the reduced
voltage of the condenser cannot maintain the spark. In other words
the spark is quenched and the oscillations of the two circuits will take
the form shown in Fig. 47b, that is—after a few swings of the primary
circuit, the primary oscillations will cease and the antenna ecireuit will
oscillate at its natural frcquoncy and dcerement.

“Fhese are the preecise actions taking place in a properly adjusted
radio transmitter, no matter what type of spark gap is employed, if the
clectrodes are clean and smooth, the ventilation adequate, and the
coupling of the oscillation transformer is not too close.

‘““The rate at which the gases in the gap are dissipated or the non-
conducting qualitics of the gap restored determines how closc the coupling
can be made without interfering with the quenching of the spark. F f the
coupling 1s so close that the reaction of the secondary upon the primary
not only does not extinguish the spark kut transfers energy back to the
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primary, then the spark will not be quenched until the energy of the
entirc system has fallen to a low enough value to allow the high re-
sistance of the gap to be restored. The complex oscillations shoml in
Fig. 47a will then result and double wave emission will result.  If the
spark quenches after one or two of the “beats” shown in Fig. 47¢, and
the antenna still has encrgy to be radiated, then investigation with a

wavemeter may show threc appar ently dlffercnt wave lengths radiated.

“In all spark gaps therc 1s a tendency toward ‘““areing,” tbat 1s—for
the spark to be followed by passage of the power current across the gap.
This will prevent the restoration of the high resistance—the spark will
not quench.

“The plain, open spark gap without artificial means of cooling re-
quires very careful adjustment and reduction of coupling to give proper
operation, that is—freedom from double wave emission. Unl(sq the
spark voltage is carefully adjusted, the tendency toward arcing 1s diffi-
cult to control and the action tends to be irregular. The usc of speeial
cooling means, such as o series of gaps or air blasts, enables good
quenchmg to be obtained with sufficient regularity to give a clear spdrk
tone.’ .

DAMPING DECREMENT.—The U. 8. laws require that the deere-
ment of the antenna oscillations shall not exceed 0.2 per complete eyele,
This means that each spark discharge in the closed circuit must set up
no less than 23 complete oscillations in the antenna circuit.  The oscilla-
tions in the wave train are considered to have stopped when one of the
successive cycles has fallen to 0.01 of the amplitude of the first oscillation.

If the inductance, capacitance, and resistance of a radio frequency
circuit are fixed, the free oscillations generated therein decay at a fixed
rate in a way similar to the decaying oscillations of the pendulum. Each
successive cycle 1s the same fraction of the preceding cycle throughout
the train, Thus the amphtude of a cycle may be 0.8 of the amplitude
of the preceding one and so on. Instead of expressing the amplitudes
of suceessive cycles by a numerical ratio it is more convenient to express
the decay in terms of the logarithm of the ratio. Hence we have the
term, the logarithmic decrement.

The upper graph in Fig. 47¢ shows a group of damped oscillations.
A B C D :
oD =1.105 and T 7 =1.105. Referring to a table
of Naperian logarithms, we find that the logarithm of 1.105=0.1, which
is the logarithmic decremeunt of that particular wave train. The lower
graph indicates g wave train the deerement of which =0.69, i.e., a case of
excessive damping.

To find the number of oscillations in a wave train, when one of the
subsequent c¢ycles has fallen to 0.01 (1 per cent) of thelr 1nitial ampli-
tude, we need only divide the natural logarithm of 100 by the decrement.

Let the ratio of =——

Since loge 100=4.6 then %‘—?=46. complete oscillations for a decrement
of 0.1, The smaller the decrement the “sharper” will be the radiated
wave. More accurate tuning at the recciver is then possible with a
conbequent incrcase in the strength of signals,
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A wave whose decrement exceeds 0.2 per complete osciliation will
interfere with stations not sharply tuned to it. That iz such a wave will
set up currcnts in a receiver over a considerable range of wave lengths.
The decrement of the radiated wave may be kept at a minimum by
keeping the resistance of the oscillatory circuits low, by providing a good
earth connection, and by reducing the coupling at ‘the oscillation trans-
former until smgle wave cmission Yesults. DMethods of mecasuring the
logarithmic decrement will be described in chapter X1,

If the inductance, capacitance and resistance of an oscillation circuit
are known the decrement may be calculated by the formula following:

’ C
§=3.1416 B T (36)

Where

decrement per complete cycle

resistance in ohms

ca amt%ncc lIl falads
inductance in henries

MO e
ﬁ || /|

If R=1 ohm, L=10,000 cms. and € =0.01 mfd., then

0. 0000001
§=3.1416 X1 \, 5 00001

=3.1416 X1 X 0.1
=0.31416

PURE AND SHARP WAVES.—A sharp wave, according to the
U. S. definition, has a dcerement of 0.2 or less. A pure wave emission
may consist of ‘two wav cs, provided the amplitude of the lesser docs
not exceed 0.1 of the amplitude of the stronger wave. The Jesser wave
in such circuits 1s usually of negligible importance. Henee we may
say that a pure and sharp wave is one of single frequency waose deere-
ment, 18 0.2 or less.

Fig. 47d shows a graph of pure wave according to the U. S. definition
Fig. 47e indicates a sharp wave whose decrement 18 G.12.  Fig. 47f
shows a very broad wave which the U. 8. laws will not permit. The
lesser wave 18 175 meters, the stronger wave 245 meters. The elosed
and open circuits were mdividuall -tuned to 200 meters. This 1s sub-
stantially the form of wave motion that will be obtained with the average
amateur set, if the eoupling be too close and the quenching poor.

As we ha,xe said, single wave emission in the ordinary amatcur sef is
obtained by roducmg the coupling at the oscillation transformer until a
wave meter shows but onc wave. The decrement of the wave can be
measurcd with any wavemeter including in its circuit a ““current square”
meter. The process will be described in chapter XI, page 301,
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CHAPTER IV

CONSTRUCTIONAL DETAILS OF AMATEUR WIRE-
LESS TRANSMITTERS—PANEL AND ISOLATED
TYPES—BUZZER TRANSMITTERS

CONSTRUCTION OF A HIGH VOLTAGE TRANSFORMER.—
Assume that the steel strips for the transformer corcs and yokes are eut
to shape in accordance with the designs given in the preceding chapter.
If, in the cutting process, the iron is burred or bent, the strips may be
placed between two smooth slabs of wood and siraightened out with a
hammer. All burrs should be removed with emery paper or with a file
and afterwards both sides of each strip should be coated with shellac
varnish and set up on edge to dry.

LONG NAIL
0 ¢ R c &
4 ;;//;” . 57" //{ y’,’, 5] © I | DS - RSN g
b ° " d P ap °
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2 \\e AT, i, 8 CERT
o3 D Lo J o)
FIRST LAYER THIRD LAYER AND 50 ON SECOND LAYER FOURTH LAYER AND 500N

Fic. 48. . Showing the core assembly of 1 closed core transformer.

The core should be assembled as shown in Fig. 48, where the shoit
strips, i.c., the strips for the yokes of the core, arc denoted by 4 and B, |
and the long strips by C and D, To be sure that the pile will be even
after it is stacked up drive nails in the base board as a guide, as shown
in the sketches of this figure. The end 3 of strip 4 is placed against the
side 4 of strip C; the end 5 of strip C against the side 6 of strip D; the
end 7 of strip B against the side 8 of the strip D, and the end 1 of strip D
against the side 2 of strip A,

90
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Detai/s of Core £rds
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Fre. 49. Showing the overlapping laminations st the corners of the transformer core.

As shown in the right-hand of drawing the next layer over-laps the
bottom layer so that the ends of the core when completed will look like
that in Fig. 49. Holes may be bored in the corners of the core through
which bolts are passed to compress the sheets into a compact bundle,
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Fig. 50. Core with one yoke removed to permit the primary and secondary coils to be placed in position.

If the builder decides to mount the primary and secondary coils on
the long legs he may remove one yoke of the completed core as in Fig. 50
and place in position the pieces of steel for that yoke after the primary
and secondary cotls are in place. The author has found it more con-
venient to first stack up the core completely, winding it loosely with tape
so that afterwards the yoke B can be removed for placing the primary
and secondary windings. After these coils are placed the yoke B may
be slid back into place without tearing it down. If this proves too
d.flicult place the pieces of steel for the last yoke in position one at a tim=.
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A general idea of the assembly of an open core transformer may be
obtained from Trig. 51a.  The core is a bundle of fine iron wire covered
with six or seven layers of empire cloth, The prunary turns arc then
wound on, given a coating of shellac and allowed to dry.  The primary
is then slipped in the insulating tube. The gecondary pres are stid over
the tube and connected in series.

In the eommercial types of open core transformers the gecondary
pies, after being connected in series, are placed in a box and covered with
in=ulating wax; but if the pies are earefully insulated from one another
this will not he neecssary.

Fra. 52. Apparatuy [or winditng the seccondary ‘“‘pies” of high voltage transforrpers,

A MACHINE FOR WINDING SECONDARY PiES.—A simple
winder for the secondary pies may be constructed in aceordance with the
drawing in Fig. 52. Two wooden discs 7”7 or 8” in diameter are mounted
on the shaft of a small driving motor. The discs are about 14" in thick-
ness. 'Lhe space between them is gauged by the two nuts shown in the
drawing. Four pegs are placed in the disc to form a square of dimensions
slightly greater than the dimensions of the sceondary core with its in-
sulation. Two or three layers of empire cloth or paraffined paper are
wound over these pegs, the ends of which are glued together. The wire
1s then given one or two turns around the winding form and the motor
kept in rotation until the desived number of turns are obtained.

The use of double cotlon covered wire 1s assumed in the transformer
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designs given in Fig. 38, The wire should be run through melted
paraffinc during the winding process.
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Fra. 53. Device for impregnating the secondary wire of a transformer with paraffine.

A convenient device for impregnating the secondary wire with
parafline is shown in Fig. 53, where a baking powder can is cut away
and an empty spool rigidly attached to a brass shaft A placed at the
bottom of the tank. The shaft is fastened in place so the spool cannot
turn. A quantity of melted paraffine is kept hot by a small alecohol lamp
immediately underncath. The spool from which the secondary wire is
drawn 1s mounted on a spindle immediately below, the wire being passed
around the spool in the paraffine tank and then on to the pie winder of
Fig. 52,

dPO not allow the spool in the tank to turn or it will throw the paraffine
badly.
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Frc. 54. Wire mensuring device for the experimental workshop.

A WIRE MEASURING DEVICE FOR USE IN COIL WINDING.—
Melvin Wallace of Oregon degigned the wire measuring instrument shown
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in Figs. 54, 55 and 56. This mstrument will be useful to the amateur
experimenter who wishes 1o measure the actual nwnber of feet of wire
placed on a transformer pie, or on tuning eoils to be wound for receiving
apparatus. The construction is as follows: Tirst cut from a 1”7 x6”
piece of hard wood stoek, the piece A 1n Fig. 51, which 13 87 in length.
At one end attach the piecce B which is to carry the friction wheels [
and J. Next cut a measuring wheel as at ¢. It should be 415" in
diameter cut from the same stock. A flat groove should now be cut in
the rim until 1t has the exact length of 127, Then place the wheel on
the shaft D which projects through the end piece £, through the bearing
picee I and 15 attached to the revolution recorder F which, In turn, 13
securely clamped to the block .

P16, 53. Sido view of wire measuring deviee,

Thread a picce of iron rod H, size optional, at one end, and place it
in the board A at H to earry the spool of wire,

The friction wheels I, J and K in Figs 54 and 55 must now be con-
structed and attached as in the drawings. Now constrizet the wheel S
(Fig. 55) counter to the wheel I, and fit the former to the flat groove of
the latter. Mount the tension wheel § on a spring which is preferably
adjustable so that in case of a break or stop the wire will not ship.

Place the pointer 3 indicated in Fig. 54 on the shaft D close to the
picce B. Next cut a piece of white paper the size of the wheel € and
calibrate it into 12 equal parts; then glue it to the inside of the picce B8
to form a scale. The pointer will then indicate the number of inches
and the revolution counter the number of feet which have passed the
spot on the top of the wheel €. When large sizes of wire are being meas-
ured the cffective diameter of the wheel S is increased so that the in-
dicated length will be somewhat smaller than the actual length.

To operate the recorder, run the wire from the spool L, as in Figs.
54 and 55, under friction guide A, and over J, continue it over and
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The secondary is divided into three sections. A layer of thin oiled
paper 1s placed between each layer of the secondary.
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Fic. 60. Details of the leakage gap.

To give this transformer satisfactory operating characteristics and
also to permit variation of the power input over a considerable range,
Mr. Biser fitted 1t with a magnetic leakage gap which is controlled from
the outside of the case by means of a suitable handle. A general 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

’/30// fbmgﬁ' Core

£nd of Core Z/’/agﬂe//t short

—FND FLEVATION —

I'ic. 61. End elevation of the leakage gap.
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secondary voltage to be changed between 10,000 and 20,000 volts. As
mentioned in the preceding chapter, this gap is of particular advantage
for inercasing the power factor in transformer circuits,

ASSEMEBLY OF
OscILLATION TRANSFORMER..
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Fig. 62. Ielical type of oscillation transformer with turns wound on edgewise, a3 comstructed by an
arpateur expenimenter.

OSCILLATION TRANSFORMERS.—The ‘“helical” or pancake
types are generally preferred. The amateur often errs in building an
oscillation transformer of too many turns. Not infrequently stations
are fitted with an oscillation transformer of sufficient inductance for
waves up to 1000 meters in length, although the set is to be operated at
200 meters.

It is not even neccessary to adopt the expensive designs following,
when a few turns of heavily insulated wire will do for the primary and
the secondary. The conduetor should be of low resistance, at least
34" in diameter for the 1 kw. set, and 24" in diameter for the 14 kw. set.

The reason that copper tubing 1s as suitable as a solid conductor is
that the “skin effeets’” of high frequency currents are very marked and
since high frequency currents penctrate only a small depth into con-
ductors only the surface is of importance,
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If the pancake type of oscillation transformer is adopted, use copper
strip 147, 34" or 1,7 wide and about 145 of an inch in thickness. It is
bettor to use a bare conductor so that for tuning purposes contact may
be made with a fraction of a turn. Some experimenters prefer the
helical type of transformer with the turns wound edgewise.

B

l — 23 .
4 Rl
No 8-32 Brass ':_fi
/ack Screws 1o be

| i
veed - 8 Reguired W 5

Torp AnD BAsE

Birch wood - 2 Required
Note Holes rot fo be countersunk on Too
P/QC.

Fic. 63, Details of the top and base.
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A transformer of the latter type has been designed by Ralph IIoaglund
of Massachusetis. The a\somblod instrument is shown in Fig. 62,
plan of the top and base in Fig. 63, and the dimensions of the upnghtb
in Fig. 64.

The primary has 10 turns and the secondary 18 turns. The inside
diameter of the coil is 715", the Stlip being 14”7 wide and 14;” thick.
The dlmensmnb of the uprights are 83/” x 34 % x 14”. The base and top
are each 914" in diameter and 34" in thlckneb« Exact mcasurements for

the positions of the slots in the f.-,trlps are shown in Fig, 64. The slots
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for upright 4 begin 14" from the bottom; for upright B, 5" from the
bottom; for upright C, 3¢” from the bottom and for the upright D, 74"
from the bottom, The slots should be cut on a slight slant.

For 200 meters a part of the smaller coil may be employed as the
primary and the larger coil as the secondary. The coupling is, mechani-
cally speaking, fixed, but may be varied electrically by piacmg two taps
on the secondary, throuo'h which the used secondary turns may be
brought nearer to or placed further away from the primary, according
to requirements.

A suggested design for the paneake fype of oscillation transformer is
shown in Fig. 65. The primary inductance is varied by a sliding contact
mounted on an arm attached to the control handle. The contact slides
on the eoil and as it is rotated, any fraction of a turn can be cut in the
circuit. The primary coil is mounted on a wooden slider which is shown
in crogs-scetion,  This permits the coupling between the primary and
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csecondary to be varied. The conductor of pancake coils is usually
mounted in slots cut into strips of hard rubber or bakelite which are
supported on wooden upllffhtb

By using copper strip 35" wide and 1" thick, the following dimensions
will be found qathfactory The primary has 8 turns spaced 1{”. The
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Fra. 66. Helical oscillation transformer providing variable coupling.
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A commercial type of high voltage condenser 18 shown 1n Fig. 67. Six
copper plated glass jars of 0.002 mfd each are mounted in a metal rack
and connected in parallel. The outside coatings of the jars arc con-
nected through the nmictal cups at the bottom and the frame. The inside
coatings are connceted to a common terminal through hralded conductors,
which are soldered to the inside coatings.

Mica condensers are generally employed in government radio sets.
They have the advantages of compactness, fairly small losses, and little
danger of breakdown. “The reason for the last is that the breakdown
voltage of very thin sheets of mica is high (60,000 volts per centimeter of
thickncss), consequently even if used with high voltages very thin sheets
may be placed between the conducting surfaces of the condenser giving
a relatively high value of capacity. Scveral units may then be con-
nected in serics so that the voltage across each unit is comparatively
low. A fundamental idea of the assembly of the mica condenser may be
obtained from Fig. 674a.

It is a common practice to connect 10 or more units in serieg, the units
being stacked up in a metal container and thoroughly impregnated with
a good insulating compound by a vacuum process. With 10 units in
series on a 15,000 volt transformer the voltage per unit is only 1500 volts.
The hability to rupture is thus far removed. On the other hand, if ten
banks of Leyden jars were connected 1n scries, the result would he a
very expensive and bulky condenser.  Both miea condensers and Leyden
jars may be purchased rcady for use.

Commercial types of Leyvden jars will not stand potentials in excess
of 15,000 volts. If the transformer voltage exceeds this valuc a series-
pamllel connection must be used. This conneetion requires four times
the number of jars used in a simple parallel connection.

It is clear from formula (35) page 46, that the resultant capacity of
two cqual condenser banks in series is one-half that of one bank. As-
sume, then, that standard jars of 0.002 mfd. each are available. Four
jars in paml[el will have a capa,citanee of 4<0.002 =0.008 mfd.—the cor-
rect value for the amateur’s transmitter operated from a 60-cycle souree.,
Sixteen of these jars will be required if the voltage of the transformer 1s
20,000 and two banks are to be connected in series,  Eight jars in parallel
will constitute a bank, and the capacity of each bank will be 8<0.002
=0.016 mfd. With two such banks in scries, the resultant capacity will
be {-)—-SLG—O 008 mfd. The voltage across cach bank will be 20’20 09
=10,000 volts.

The majority of amateur experimenters usc the fotl-coated plate glass
condenser. 'The capacitance of such a condenser may be caleculated with

a fair degree of accuracy by formula (34). Glass free from lead and
“bubbles” should be selected and photographic plates, which may be
obtainced from a local photographer, are often used. Flint glass has a
small heat loss and is preferred.

A plate of glass 8" x 8” and about 14” in thickness, covered on both
sides w1th tin foil, has a capacitance of about 0.0005 mfd. Sixteen such
plates in parallel will give 16 x 0.0005=0.008 mfd.

A plate of common glass 14” x 14” x 34" covered with foil 12”7 x 127
will have a eapacitance of about 0.0016 mfd. A plate with a conducting
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surface of twice the area will, of course, have 2X0.0016 =0.0032mfd. A
0. (;Qlﬁ =0.0004 mfd.
The difficulty of calculating the capacity of a glass plate eondenser

lies in the varying value of the dielectric constant (K). If it is definitely
known formula (34) 18 very accurate.

plate of one-quarter that area will have
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Fia, 68, Giving a general idea of the asscmbly of the glass plate type of high voltage condenser,

ASSEMBLY OF A GLASS PLATE CONDENSER,—The assembly
of an oil-immersed condenser is shown in Fig. 68. The foil is cut with a
lug projecting from one corner. The lugs issue alternately from the
right and left hand corners of adjacent plates. |

~ The foil should not come too close to the edge lest sparking over the
edges occur. Allow 2 space of at Jeast one and one-half inches,

To attach the tin foil to the plates: First, cover the surface of the
glass with a good grade of thin fish glue. Place in position the sheets of
tin foil, which have been properly cut and rolled to smoothness by a
“squeegee’ roller. Next place the plates in a rack and allow them to
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ployed happens to be very low. The safety gaps shown in the drawing are
not strictly cssential. A protective gap connected across the transformer
seccondary (to be deseribed later) affords all the protection DeeCssary.

It is desirable to have a high eoltage condenser of variable eapacity in
the amateur station. Such a condenser permits the operator to experi-
ment with different capacities for varying conditions of service. Some-
times greater eficiency will be obtained with a capacity quite different
from that originally intended, due to the difference in the designs of high
voltage transformers and the possibility of the sct being operated at
frequencies above 60 cycles. At the frequency of 500 cycles, for ex-
ample, a condenser of 0.004 mfd. is sufficient for a 14 kw. caet for a
14 kw. set, 0.002 mfd. will do.

E. C. Eriksen of Californla designed the variable high voltage con-
denser shown in Iig. 69. The condenscr iz constructed from 8” x 107
photographic plates which are generally free from flaws.

The film may be removed from the plates by immersing them in two
solutions. The first solution is made up in the proportion of 14 ounce
of sodium floride to 16 ounces of water. The sceond solution consists
of 14 ounce of sulphuric acid and 16 ounces of water. After the plates
have been placed in the first solution for a couple of minutes and then in
the second solution the film should come off easily.

Now coming to the construction of Eriksen's condenser it should be
noted that all of the lugs leading from the foil at one end are joincd to-
gether, while those at the opposite end are staggered so that they can be
connccted together in groups.  This construction allows the condenser
to be mounted 1n a wooden box with knife blade switches placed on the
side to cut in and out the various sections.

The foll 1s cut 67 x 8" with a lug 1”7 wide, 3” long. The lugs are
alternated so that on adjacent plateg they come out at opposite ends of
the pile. The first lug should be placed as at A; the next two as at B;
the next three as at C; “the next four as at D; the next ten as at ¥ and the
remaining twenty as at F.

The plates are then covered Wlth vascline, the tin foil placed in posi-
tion and rolled with a “‘squecgee,” and afterwards the foil is coated on
the outgide with vaseline. Next, the plates are piled up in the order
described before so that 20 lugs appear at the center at one end, while at
the other end there will be five bunches of 1, 2, 3, 4, and 10 lugs each.
These lugs must come out from consecutive pIdtOS and be placed in the
game poq1t10n on each plate. The pile may then be wound tight with
tape.

The plates may then be placed 1n a wooden box with outside dimen-
sions 10" x 14”7 x 5”. The corners of the box are mitered, the bottom
Is glued on, and the top is fastened with nickel-plated, round-head screws.
The box should be shellaced or boiled in melted paraffine. W hen the
plates are in place it should be filled with & good grade of transformer oil.
The otl and vaseline both scrve to reduce the brush dischar ge.

The knife blade switches should be mounted on a hard rubber slab
placed on one end of the box., Wood will not withstand high voltages
{or any considerable period.

By this arr a,ngement any number of plates from one to twenty may
be connected in the cireuit. For instance, if 17 plates arc desired the
switches conneeted to the 10-lug, 4-lug, and 3- lug bunches should te closed.
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cuit; otherwise oscillations of two frequencies will flow in the antenna
circuit and the set will radiate two waves.

Single wave emission, with tight coupling at the oscillation trans-
former, can only be obtalned with a gap and associated power circuits
demgned so that between individual sparks the insulating qualities of
the gap are rapidly restored. If the gap action is prolonged, single wave
emission can only be sccured with very loose coupling, A reductlon of
coupling cuts down the antenna current resulting in a decreased trans-
mitting range.

There are four types of spark dischargers in commercial use, viz:

(1) The plain gap.

(2) The non-synchronous rotary gap.

(3) The synchronous rotary gap.

{4) The multiplate or series gap (commonly called the ‘‘quenched’ gap).

The plain gap is generally used with spark coil transmitters. The
non-synchronous gap is employed to give a mustcal tone when the power
source i8 60 cycles or less. The synchronous gap is rarcly used by ex-
perimenters, unless the frequency of the power supply exceeds 120 cycles.
The multiplate gap is seldom encountered in the amateur station although
it will increase the transmitting range if the complete transmitter is
properly designed.

If the frequency of the power supply cxcceds 120 cyeles the syn-
chronous gap has some advantages—the principal one being the uni-
formity of the spark note. But the amateur, in nine cases out of ten,
will use the non-synchronous rotary because his power supply is usually
60 cycles. A synchronous gap at this frequency should give 120 sparks
per second, and the pitch of the note would be much lower than that
obtained with the non-synchronous gap. The latter can pe designed to
give from 200 to 400 sparks per second. The note has musical charac-
teristics composed of overtones, undertones, and the fundamental, and
1t 18 far from displeasing to the avecrage opcrator’s ear. In fact many
operators prefer it.

The experimenter cannot use a synchronous gap where the power
supply 18 furnished by a local company, for uniform sparking can only
be obtained by mounting the gap on the shaft of the alternator of the
power supply.

The synchronous gap has been mounted on the shaft of an a.c. syn-
chronous motor connected to the power supply, but it is difficult to main-
tain an accurate synchronous adjustment over an extended period as the
motor is apt to get slightly out of step with the frequency of the sourcc.

PLAIN SPARK GAP.—The fundamental idea undecrlying the con-
struction of this gap is shown in Fig. 71. Two zinc elcetrodes S-1 and
8-2, are mounted on brass rods supported rigidly by two binding posts,
so that the sparking surfaces are strictly parallel. The cooling flanges
are cast on the rod or placed on afterward.

The base should be of hard rubber, bakelite, or glass. The binding
posts should be mounted so that they do not come in contact with wood
or with any other material liable to leak high voltage currents.
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The motor armature must have end-thrust washers of the correct
thickness so that the end play does not exceed 165 of an inch. Otherwise
the electrodes on the dise will jam against the stationary points and
wreek the gap. The eleetrodes D1 and D2, are then set up as close as
possible to electrodes F, without making actual contact, for the shorter
the gap the clearer will be the spark note. A high pitched note is the goal

of all amateurs.

¥Fa. 72. A tyge of the non-synchronous rotary gap first developed by the Marconi Cotapany. This gap
is favored by the amateur experimenter,

The eleectrodes £ must all be lined up equally in respect to electrodes
Dl and D2. Do this by: sctting up the ends of D! and D? at equal
distances from the dise by means of a micrometer gauge. The total
distance between them must be just slightly greater than the length of
the lugs E. The latter can then be centered 1n the dise and fastened
tightly by nuts on both sides of the disc. The lugs F are, of course,
threaded throughout their iength.

For general amateur working a gap giving 240 sparks per second is
satisfactory. Assume that the motor M rotates 1800 r.p.m., or 30
revolutions per second. Then, if the disc has 8 spark cleetrodes, there
will be produced in one second 8 X 30 =240 sparks.

A disc 614" in diameter will do for a gap with 8 electrodes. The
holes for the electrodes on the dise should be drilled around a circle
drawn 3” from the center with a scriber. The electrodes will then be
about 1.6” apart. If the motor runs only 900 r.p.m. the dise should
have 186 electrodes and should be say 10" in diameter,

The non-synchronous gap shown in Iig. 73 has been used in commer-
cial and amateur stations and is one of the earlier designs developed by
the Marconi Company—the pioneer in the use of rotary gaps. The
construction will be understood from the drawing. Two nearly semi-
circular pieccs of brags mounted on the frame of the driving motor are
insulated from each other and from the motor frame by hard rubber
posts cxtending outward from a metal spider (shown partially in the
drawing).

The rotating member is an aluminum arm mounted on the armature
- shaft which carries two sparking electrodes. The stationary electrodes
are slotted and held firmly, but not tightly, by machine screws, so that






114 - ‘Wireless Experimenter’s Manual

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 electrodes
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.

l‘o\

i

£16. 76. Elevation of the support for the stationary electrodes,
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The ‘“‘vernizer” gap of Fig. 74 has been used by Esxpcrimenters,
Note that there are four stationary electrodes and five rotating oncs.
The dise¢ which carries the rotating electrodes is 1insulated from the
motor, but is connected to onc terminal of the closed oscillation circuit
by a brush. The other terminal of the oscillation ecircuit goes to the
stationary electrodes which are connceted together.

It is clear that in one revolution of the dise there will be 4X5=20
sparks; henec, if the dise revolves 30 r.p.s., 1.e., 1800 r.p.m., there will be
30X 20=600 sparks per second. High spark Irequencies may thus be
sceured with low dise speeds. The note of this gap is somewhat
superior to that obtained with the two types described before.
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T1a. /7. Rotary gap for low powers as designed by an amatcur experimenter,

Various amateurs have shown many designs for the non-synchronous
gap. The constructional details may well be left to the builder as he
will usc the material he can most readily obtain. Those shown in the
following drawings may suggest other designs which the amateur can
work out for himself. In order to obtain the best quenching the elec-
trodes should be wide and thin.

A gap which is a variation of Fig. 73, designed by Ra,lph Hoaglund
is shown in Tigs. 756 and 76. The %t'ltu)naxy electxodes ten in number,
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are mounted on a wooden upright, parallel to the rotating arm. A
fibre bushing for 111%111.1t1ng the arm from the shaft is shown at 4, 'The
pointed set screw 5 acts as an end-thrust to eliminate end-play in the
armaturc shaft and also acts as a contact for connection with the rotating
arm. There are ten stationary electrodes spaced evenly on a eircle 67
in diameter. Fig. 76 is an eclevation of the support for the stationary
electrodes.

E. Chester Stephen of New Jersey has presented the design shown
in Fig. 77 which is self-explanatory.

O Cote of Rhode Island built an aluminum rotary gap like that in
Figs. 78 and 79. The rotor 1s cast or cut from aluminum. The driving
motor is one of the small Ajax type operated off a step down auto-trans-
former energized from 110 volts a.c. source. The digeis 311" in diameter

and has twelve discharge points. KEach spark electrode on the disc is
14"x34". The disc s 14" thick.
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Fi16.78. Rotary gap fitted with an alurainum rotor.

A sound muffied rotary gap designed by W. E. Wood of Missouri is
shown in Fig. 83. Thece rotor s enclosed in a fibre tube large enough to
permit it to rotate freely, The end of the tube is covered with a circular
ptece of glass as is shown in the illustration.

E. G. Mohn and Walter Maynes of California have constructed a
gap rotated by a novel a.c. motor following the design suggested by
Prof. A. S. Gordon of the Polytechnic High School, San Francisco.
The motor shown in Fig. 81 consists of an electromagnet wound with
15 1b. of No. 24 d.c.c. wire, and 2 steel bar magnet mounted on a shaft
immediately in front of the pole pieces. The shaft carrying the bar
magnet also carrics the rotary dise. The only disadvantage of the
design is that in order to start the bar magnet into rotation it must be
turned by hand.
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If the amateur generates a.c. within his station the non-synchronous
gap may be mounted 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 dise is fitted with 8 or 12 electrodes
much higher spark frequencies can be obtained; that is, several sparks
per cycle may be produced.

~Base
FRONT ViEw
Fig. 79. Detalls of the rotor.
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Fi1a. 80. Muflling box for a rotary gap.
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SYNCHRONOUS ROTARY GAP.—The experimenter is not apt to
use a synchronous gap because be wants a higher spark frequency from
that which the 60- cvc!e synchronous discharger gives.

The synchronous gap is the same as the non-synchronous type except
that the rotor is mounted on the gencrator shaft and must have a spark
electrode for each field pole of the generator. The stationary clectrodes
are mounted on a rocker arm so that they can be shifted through an arc
of 25° to 40°. By shifting the rocker arm, the spark can be made to
occur at the peak of the condenser voltage, giving a discharge for each
half-cycle of the charging current.

With a 500-cycle source the synchronous gap 1s very desirable, but for
frequencies below 120 cycles the non-synchronous gap gives the higher
note,

CC, - Primary Binding Posts

faraated @@, - Sparking Points

Electro Magnef
No.24 DCC—

Kvbber Bar

L

Fsa. 81, Non-synchronOus rotary gap driven by a home-made alternating current motor.

THE MULTIPLATE OR ¢“QUENCHED” GAP.—Although recog-
nized as the most efficient gap this type is rarely used hy wireless ex-
perimenters.  This is due chiefly to the fact that the quenched gap gives
a poor note with a 60-cycle source. The spark tone is not much higher
in pitch than the plain gap. The multiplate gap is expensive to build,
for precise machining is essential for good results.

Although the quenched or multiplate gap querrches the primary
oscillations more effectively than other types and gives a higher value
of antenna current, unless certain factors of design are taken into ac-
count it may prove less efficient than an ordinary gap.

Before deseribing the construction of the ‘‘quenched’’ gap, certain
basic considerations will be pointed out that must be given serious atten-
tion when this gap is employed with ordinary 60-cycle transmitters.

First, a resonance transformer is desirable as explained on page 83.

Sceond, a reactance coil must be placed in the primary circuit ot the
high voltage transformer,
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Third, a rather smaller condenser capacity than that ordinarily used
with other gaps must be employed.

Fourth, an oscillation transformer of the pancake type, permitting
a continuous variation of inductance, is essential to obtain Iapld adjust-
ments of resonance between the spark gap and antenna circuits.

Fifth, a motor-generator is most desirable as the source of current in
order that the phenomenon of resonance at audio frequencies may be
utilized to advantage.

The author eonducted numerous experiments with quenched gaps in
conncetion with ordinary amateur transmitting apparatus and found
that a marked inerease of cfficiency was obtained by observing the above
precautions,

Regarding the construction of the quenched gap: The sparking plates
are made of copper, carefully ground, and perfectly milled. They are
provided with heat dissipating surche of sufficient area to take care of
the required output. The individual plates are separated by ¢nsulating
washers of the correct thickness, so that when the plates are compressed
the sparking surfaces will be separated by no more than 1/100th of an
inch. It is particularly important that the spacc between the sparking
surfaces be air-tight. To this end the intervening dises or washers arc
treated with spceial insulating compounds, such as varnish, paraffine
or boiled linsced oil. Under the heat of the gap, the compound will
soften and if the plates are tightly pressed together an air-tight joint
results.

As it is customary to allow 1,200 volts per gap the number of 2aps
to be employed in a given set can be readily calculated from the applicd
voltage. Not only the voltage of the transformer is taken for com-
putation; bift the avallable potential when the condenser is connected in

S0oling Hange
-~ QUENCHED SPARA GAPLLATE —

(CROSS SECTION)

Fig. 82. Cross section and dimensions of the sparking plates of a quenched gap suitable for amateur
tranamitters up to 34 kw.

shunt to the secondary winding must be taken into consideration. This
value of potential ean be determined by the sphere gap method, for which
a table is given on page 313. Briefly, this method involves the use of two
spheres or balls of a certain diameter, the spacing between which is
gauged by a micrometer adjustment, Wlth a corresponding scale, The
discharge balls are conneeted in shunt to the source of high potentlal and
gradually separated until the spark ceascs to discharge, The length of
the gap iIs noted and reférence made to the table for the corresponding



120 Wireless Experimenter’s Manual

value of voltage. Remember that this table gives the maximum voltage
per eycle and not the r.m.s. value.

The details of a gap suttable for ¥4 and 14 kw. sets are given in Figs.
82, 83, 84 and 85. The cross section and the dimensions of the copper
plate are given in Fig. 82. Fig. 83 shows the general appearance of the
plate. Note that the copper surfaces on which the fibre disc rests has a
number of circular grooves. As the compound on the discs softens, it
flows into the grooves and makes an air-tight joint.

The plates are first cast to shape and then machined. This must be
done very accurately for the sparking surfaces of adjacent plates must be
strictly parallel.

g 3%- ]
Cooling Flenyge

Sparking Svriace

- QuENCHED SPark CRPPLATE —~

Fis. 83. Showing the finished spark plates of a quenched gap.

The sparking surface of each plate as noted in Fig. 82 is 134" in
diameter. The groove surrounding it is 34" wide and about 14" dcep.
The shoulder which presses against the insulating discs is also 94" wide.
The entire plate is 334" in diameter. The washers between plates, are
374" outside diameter, and 134" inside diameter.

The assembled gap is shown in Fig. 85. The plates are mounted
between two metal castings bolted to a cast iron base. A pressure bolt
for compressing the plates is mounted on the right hand end. It should
be 2 34" bolt with a rather fine thread.

Although the drawing shows two insulating discs at either end of the
quenched gap platesit is better to place a cast iron plate between the right
hand dise¢ and the frame as othcrwise the pressure on the bolt necessary
to prevent air leakage may puncture the disc. The iron end-plate should
be centered and countersunk to take the pointed end of the compression
bolt.

If the insulating discs are made the same diameter as the plates, the
experimenter can mount two parallel insulating rods between the end
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castings to form a rack upon which the plates rest. The plates and
washers will then center themselves automatically when they are dropped
into the rack. It is readily seen that, if the plates are stacked up un-
evenly, the inside edge of the insulating dises may not cover the parallel
rims of two adjacent gaps; but if they are correctly eentered, the ingide
edge of the washer will come to the eenter of the groove. In event of
the former, sparking will take place at the rim and the insulating dise
will be punctured, putting that particular gap out of commission.

| The gap should be cooled by direeting the blast of a 6-inch fan on the
plates, '

~ F18RE WasHER —

Fic. 84, Dimensious of insulating gaskets.
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Fia. 85, Anassembled quenched gap. The plates are mounted in a metal containing rack and compressed
tightly by a bolt inscrted in the cnd casting.

ADJUSTMENT OF THE QUENCHED GAP TRANSMITTER.—
If the amateur had complete control over his power supply it would be
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possible to give him the design for a complete ¢ quenched” transmitter
which would give maximum cfficieney without cxperimenting. But
this 1s not the case, and moreover, a variety of transformer designs are
met with in practlce which make some experimenting necessary to get
the best results.

Assuring that the complete transmitter is wired up as in Fig. 86
the method for adjustment is as follows. A wattmeter W and an am-
meter A-2 are connected in the primary power circuit. The wattmeter
gives a check on the primary power and the ammeter shows whether the
current carrying capacity of the primary coil P is exceeded.

If the gap S-1 has 16 plates and the transformer potential is about
15,000 volts, cut in about 10 gaps for a preliminary trial. Then cut in
about one-half of the primary reactance X, close the key, and note the
primary power and current. Change the number of gaps and note the
effect on the power. If the power reading is too low, reduce the react-
ance of X and bring 1t -up to normal., These tests indicate that the
circutts are working propcrly

Now disconnect the spark gap S-l and vary the capacitance of the
condenser € (which is assumed to be a high voltage condenscr of variable
capacity), until ammeter 4-2 reads a maximum. If the capacitanece of
C exceeds 0.008 mfd. for resonance, reduce € and increase the reactance
of X. When resonance is found add a few more plates to C until the
transformer circuits are 15 to 209, off resonance.

Then connect about 10 gaps in the circuit, close the key, and if the
primary power does not exceed normal proceed to tunc the set and after-
ward adjust the spark note.

Sct the antenna cireuit, 4, L-1, A-1, £, to 200 meters by means of a
wavemeter. Then vary the inductance of the primary L and watch
the acrial ammeter 4-1 for a maximwn reading. If the resonance is
sharp, thatis if a slight change of L has a marked effect upon the antenna
current, the gap 1s quenching. It may be well then to try various
degrees of coupling and different numbers of gaps to determine if the
antenna current can be increased.

i
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Fia. 86. Essentials of a transmitting eirenit suitablo for use with quenched spark dischargera. An oscil-
lation transformer providing a continuous variation of inductance 1y preferred.
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A further change in the capacity of C or the reactance of X may help
matters. By carrying on a few experiments along these lines, the ex-
perimenter will hit on a combination of values giving a strong antenna
current of low decrement and a single wave cmission. The author has
proved this in practice.

Do not allow the gap to overheat. Avoid a temperature over 200° I,

If the transformer has a number of taps on the primary coil the
reactance X is unnecessary. A secondary reactance may be used. It
1s made up of a number of pancakes like those of the transformer second-
ary, placed over an iron core. The primary reactance is, however, less
expensive to constriuet. Very precise tuning of the spark gap and
antenna circuits is required for maximum antenna eurrent when using
the quenched gap.

L~/
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Fia. 87, A resonance indicator which may be substituted for a hot-wire ammeter in the antenna circuit of
the amateur transmitter. Rcsonance is indicated by the maximum glow of 2 small incandescent lamp
which 1s shunted by a variable inductance.

RESONANCE INDICATOR.—To measure the antenna current and
to determine whether the open and closed circuits are in substantial
resonance, use a hot wire ammeter or an ammeter with a thermo-couple.
These instruments indicate the strength of the current flowing through
them by the heating of a wire through which the current is passed.

Magnetic measuring instruments cannot be used in radio frequency
circuits because of their self-induction and becausc their coils will not
withstand the high voltages of wireless transmitters.
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Hot wire ammeters are rather expensive and are not commonly used
in amateur stations. Any deviee that will indicate when the antenna
current is maximum, although it is not calibrated in amperes, will serve
as a substitute.

A small battery lamp shunted by a turn of wire and connceted in series
with the antenna circuit will indicate by its maximum incandescence
that the closed and open circuits are in resonance. An indicator of this
type is shown in Fig. 87, where a two- or four-volt battery lamp is con-
nected in series with the antenna circuit through the binding posts A
and B. The lamp L is shunted by a loop of copper wire or flat copper
strip W, over which the armn C makes contact. The length of the loop
will vary with the strength of the antenna current; usually its radius does
not exceed 3”.

A few trial experiments with a given transmitter will reveal the
correct position for the slider C. 1t is less difficult to judge a current
maximum in the lamp if the shunt i1s adjusted for a cherry red glow as
the point of resonance is approached.

ANTENNA AMMETERS.—Twg types are in general use. One
utilizes the expansion of a wire or strip heated by the current to move an
indieating mechanism; the other type employs a thermo-couple mounted
on a wire heated by the radio frequency current.

The thermo-couple, when heated by the radio frequency current,

enerates a direct e.m.f, which, in turn, actuates a magnetic instr ument
ﬁavmg the characteristics of a millivoltmeter. The meter may be
calibrated directly in amperes.

In the design of hot wire meters coarse wires are to be avoided for
their resistance changes markedly with the frequency of the current.
On the other hand, if a wire of very small diameter is employed radio
frequency currents will penetrate it to the center and its resistance will
remain substantially constant over a large range of frequencies. If
large currents arc to be measured several such small wires must be
connected in parallel and one of them selected to work the indicating
mechanism or to heat the thermo-couple. The wires must be parallel,
must be exactly of equal length, and the external leads must be attached
at a point where the current will distribute itsclf equally through alil
wires. When several wires are employed they are usually strung on a
cylinder. .

An ammeler which any wircless man who is clever with his tools may
construct at a small cost is shown in Fig. 88. C D is a piece of silk
fibre about 3” long. G H is anothcer piece about 2” long and is attached
to the center of C' D by a bit of beeswax. The lower end of G H is wound
about the shaft which carrieg the spring S and the pointer. The spring
tends to pull the pointer toward the maximum scale position, but it is
resisted by the fibre thread and the wire W-1, W-2.

When no current flows through W-1, W-2, the pointer rests at zcro,
but when the wire is heated by the passage of radio frequency currents
the tension on C D is reduced, relieving the tension opposing the spring S,
which in turn, pulls the pointer across the scale.

In the diagram B-1 and B-2 arc heavy copper lugs. W-1, W-2 is a
piece of No. 40 Therlo wire (0.003” in diameter) about 4” long Its
resistance is about 9.5 ohms. Using only onc wire, the instrument will
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measure at Its maximum scale, 0.1 ampere. With several wires in
parallel the range may be increased to any desired value. The shunt
wires must be of the same length and the samnc diameter as the wire
which works the mechanism. All wires are preferably arranged around a
eylinder, being spaced equi-distantly.

An instrument employing a thermo-couple has been designed by
M. K. Zinn of Indiana, who says that it was patterned after the data
given by Chas. Ballantine. Instruments of this type were first em-
ployed, commercially, by the Mareoni Company and they are now
common 1n radio sets.  Fig. 89 shows the general details of construction,
Fig. 90 is a sketch of the assembled instrument and Fig. 91 shows the
method of calibration,

Six bare No. 40 copper wires arc arranged around circular dises 17

Aerial

EFarth

Ty————

Aerial Ammeier

F15.88. Experiments] hot-wire ammmeter which may readily be constructed by the wireless experimenter,
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In diameter, 14" in thickness. The centers of the dises are drilled for
i/ oZdn};,chme serews, through which they are fastened to the posts
an
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Fra, 89, A thermo-couple suitable for radio frequency measurements.

The slots for the wires are cut at intervals of 60 ° with 2 finc hack-saw.
The terminal posts are made of brass stock >4 " square, drilled and tapped
as shown in Fig. 90. The posts are mounted on a }4” bakelite base,
2”x 6" being separated 434”. The six copper wires may then be soldered
in position.

The thermo-couple consists of a piece of No. 36 ironn wire and another
piece of No. 36 German silver wire, each 3” long. The ends of the two
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F1a. 90, Detaily of the terminal posts.

ires are carefully twisted together and then soldered to one of the
No. 40 heating wires. The free ends of the thermo-couple extend to two
binding posts mounted on the base. These posts are for connection to a
millivoltmeter which is to be calibrated in amperes by comparison with
a, standard ammeter. ,
The method of calibrating the instrument is shown in Fig. 91, where
a battery B, a rheostat I, and a standard ammeter A, are connected in
serics with the heating wires. The millivoltmeter is conneeted to the
iron element of the thermo-couple at Fe and to the German silver
element at ¢'s.
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Various currents covering the whole range of the millivoltmeter scale
are passed through A4,. The scale on the millivoltmeter should at any
instant be given the value read from the meter A,. More accurate
methods of calibration will be found in standard cleetrical hand books.

Frank O’Neill of California dcsigned the meter of Fig. 92. The
pomter carryling mechanism was made from an old alarm clock. The
hot wire, which is a piece of No. 36 wire about 4” long, is strung between
a hook and an adjusting screw as indicated, The pointer, which is not
shown, i3 a picce of No. 28 copper wire soldered on the shaft earrying
the wheel and spring. ‘
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Fie. 91, Showing how an ammeter with a thermo-couple may be cslibrated from a standatd.
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Fia. 92, A hot-wire ammeter which the amateur may eonstruct fram parts found around the wotkshop.
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AERIAL TUNING INDUCTANCE.—Ordinarily the 200-meter station
does not require an acrial coil separate from the sccondary of the oscilla-
tion transformer. The secondary of the oscillation transformer usually
has sufficient turns to raise the wave length of the average amateur
aerial to 200 meters.

- The aerial tuning coil may be of the helical type or a flat spiral pancake;
the exact dimensions for any given wave length may be calculated from
the formulae in Chapter III. If bare strip or bare copper tubing is
employed, the turns should be spaced about 24" to prevent sparking
between them. If heavily insulated copper conductor is used the turns
may be wound as elosely as possible. A few turns of No. 6 stranded
wire will be satisfactory.

SHORT WAVE CONDENSER.—The short wave condenser is re-
quired only when the natural wave length of the antenna cireuit exceeds
200 meters. For the average station operating at 200 meters, some
capacitance betwcen 0.0002 and 0.0005 mfd. is about eorrcet. Scveral
plates should be connected in series to prevent the dielectrie from breaking
down. We have shown on page 46 that a plate of glass 14” x 14" covered
with foll 12” x 12” has a capacitance of approximately 0.0016 mfd.

Hence, four such plates in serics will have Y. (31016 =0.0004 mfd. capacity

—about the correct value for a series condenser.

The short wave eondenser should be connected in the earth lead and
the wave length of the antenna circuit determined by trial with a wave-
meter. If it exceeds 200 meters turns should be cut out at the secondary
until 200 meters is obtained.

If the flat top portion of the aerial is more than 120 ft. in length, a
short wave condenser of very small eapacitance will be required to reduce
the wave length to 200 meters. This will decrease the range of the set
and 1t is therefore preferable to shorten the aerial. The author’s ex-
perience proves the desirability of designing the antenna with dimensions
not requiring & short wave condenser.

THE EARTH CONNECTION.—For amateur stations located in
isolated districts where there are no water maing or steam pipes for
connection to the earth a satisfactory earth plate can be made from
250 square feet of galvanized sheet iron or copper laid in moist earth to,
let us say, a depth of from 5’ to 8/. A piece of copper strip 2" in width
should be firmly riveted and soldered to the plates and led directly to the
oscillation transformer of the transmitter. Additional contact with
the moist earth can be made by driving several lengths of galvanized
iron pipe with a sledge hammer to a depth of 8’ or 10” under the copper
plates. Surface grounds or counterpoises may be employed in localities
having rocky soil. A good surface ground may be made of several
copper wires laid on the surface of the earth directly underneath the aerial.
Galvanized wire netting hke that used for fencing is also satisfactory.

Connection should not be made to the gas mains, as in many cities, the
pipes from the meter to the house chandeliers have an rsulafing bushing
neat the meter which insulates the pipes from the earth. At every
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station where 1t 1s possible to do so, a piecc of copper ribbon, let us say
2" in width, or a piece of heavily insulated No. 2 or No. 4 d.b.r.c. wire,
should be attached to the water main on the strect side of the house
meter. In many homes and apartment houses it is not possible to do
this, and, therefore, connection must be made to the steam pipes, to the
water mains inside the house, or to the steel frame of the building if such
exists.

Ia some localitics the underwriters require that the earth lead from
the apparatus be thoroughly insulated down to the point where actual
connection to the carth capacity is made; under such restrictions special
insulators should be constructed to hold the conductor away from the
structure to which it is attached.

SAFETY GAP FOR THE HIGH BPOTENTIAL TRANSFORMER.—
Suppose, for example, that the spark gap is widened out so that the
transformer voltage cannot jump the gap. Both the transformer and
the high voltage condenser are subjected to an abnormal potential dif-
ference, which may puncture the dielectric or break down the insulation
of the secondary coil. The hability to breakdown under these condi-
tions 18 far removed by placing a so-called safety gap in shunt to the
transformer secondary,

SafelyGup
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Frg, 93, Bafety gap for proteeting the condenser and the secondary coils of the high voltage transformer
from riptuce.

Fig. 93 shows the construction of a safety gap. Two discharge balls
24" in diameter are mounted on the ends of two brass rods 14" in diam-
ater.. A third ball of similar dimensions is centered between. the other.
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two and connected to earth. The spacing between 4 and the center ball,
and B and the center ball depends upon the potential of the tr ansformer
but ordinarily it 1s not more than 14”. If now the main spark gap is
widened out abnormally, the condenser discharges from A to C, and
from B to C, proteeting the transformer secondary and the condenser.

The space between clectrodes A and B must, of course, excecd the
effective spacing of the main discharge gap in nor mal opcratlon or other-
wise the safety gap will discharge continually.

PROTECTIVE DEVICES FOR POWER CIRCUITS.—The electro-
static field around an aerial charged to high voltages is very powerful.
It is often of sufficient strength to induce disastrous potentials in nearby
circuits which may rupture the insulation of the power meter, the motor
generator. the primary coil of the high voltage transformer or the lLighting
cireuits in the building. These induced potential differences may be
ncutralized by protective condensers connected as shown in Fig. 94.

—£ROTICTIVE CONDENSERS —
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Fic. 94. Protective condenser for the power cireuits of a radio-telegraph transmitter.

Two condensers having a capacitance of one or two microfarads each
are connected in series and earthed at the center eonnection. The re-
maining terminals are connected through fuses of 14 ampere capacity
to the leads from the alternating current source or across the power leads
where they come out of the meter. The fuses are necessary in case of an
accidental short-circuit in one of the condensers.

A set of these condensers should be connected across any lighting
leads that suffer from this source. Graphite rods of 1000 ochms each are
often used.for the same purpose. The ends of the rod are connected
to the power leads and the center of the rod connected fo earth.

THE LIGHTNING SWITCH.—The underwriters’ rules in many
cities require that the aerial of a radio station, when not in use, be con-
nected to earth through a 100-ampere single blade swztck Without the
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proper set of tools the experimenter will hardly be able to construct a
switch which will meet the requiremments. Single pole, double throw
switches of this current carrying capacity can be purchased at any elec-
trical store. The switeh should have a base of good insulating material
and, if mounted outside the room, should be placed n a metal or agsbestos
lined box. [t s tmportant that the base of the switch possess the very best
insulating qualities as otherwise the high voltage currents of the trans-
mitter will leak to carth.

Aerial wire
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Fra. 95. Lead-in insulator for transmitting stations.

LEAD-IN INSULATOR.—This insulator is employed to bring the
aerial leads through the roof of a building or the side of the house. It
must be made of the very best insulation so that it will not allow the
high voltage currents to leak through i1t. The construction should be
such that it will be water-tight. The more claborate insulators used by
commercial companies are beyond the means of many amateurs and
therefore the simpler type shown in the drawing, Fig. 95, may be adopted.
It consists of a hard rubber tube, at least 16” 1n length with a hole 34”
to 14” in diameter, which is clamped to the roof by means of the wooden
blocks, B B drawn together by the bolts, & #. The tube should fit
snugly when the nuts on the bolts arc drawn home. A second set of
bolts is inserted at ¢ and D through which the wooden blocks are drawn
to the base board.

To make the joint watertight, use a strip of canvas slightly larger
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than the blocks, with a hole the size of the tube cut in the center. Then
smear the canvas thoroughly with white lead. Insert the bolts at C
and D and draw the blocks to the roof. If allowed to dry, a watertight
joint will result, provided the strain of the lead-ins is removed by ap-
propriate guys.

The wire extending through the insulator (or a brass rod if used)
should be at least the diameter of a No, 6 d.b.r.c. stranded conductor,
It may be made watertight by filling the surrounding space with melted
sulphur. A certain quantity of sulphul should be heated in a pan until
it runs frecly; the bottom of the insulator is then stuffed up with a
quantity of waste and the sulphur poured in from the top until the
insulator 18 completely filled. When dry, the sulphur hardens and
possesses the requisite insulating qualitics for high voltage currents.
A metal cone A may be fasteued to the top of the rubber tube to keep it
dry in wet weather.

A very good lead-in insulator may be made by boring a hole in a
thick pane of glass through which a brass bolt is placed, The strain of
the lead-in wires must be taken off the bolt by a guy wire attached to the
lead-ins near the point where they enter the station.

y / Robber lvbe

8
0 %”::J:;;::::.‘.:J..‘-AA—\R.\-\“)J T c
'\ﬁ’cpej

Thimble TPumble

L 4

Fiz. 96. liome-made insulator for the antenna wires, This insulator is suitable for transmitting sets.

HOME-MADE INSULATORS FOR ANTENNA WIRES.—It 1s the
usual practiee to insulate the antenna wires from the “spreaders” by
rods of hard rubber, bakelite, etc., fitted with an eye bolt at each end.
They should be fr om 12” to 24” in length.

An inexpensive antenna insulator may be constructed as in Fig. 96.
A piece of marlin rope about 16" in length, with eyes at both ends made
by scrving the rope around heari-shaped thimbles, 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 the wall of Tthe tube. A quantity of melted sulphur 1s
poured in the tube until the rope is thoroughly impregnated with it and
the tube filled to the top. If this is properly done a watertight encase- -
ment will result. The matter of insulation with receiving aerials i3 not
so important. Small porcelain knobs inserted at the ends of the antenna
wires give all the insulation necessary.

TRANSMITTING KEYS.—The sending key should have contact
points that will carry 15 to 18 amperes without fusing. Plafinum key
points are preferred but they are costly. Stlver contacts are satisfactory
and are widely used. Plafinum contacts 34” in diameter will handle
15 amperes. without. difficulty. Silver contacts 2" in diameter will
handle the same current.

The canstryctional details of a transmitting key suitable for amateur
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sets are shown in Fig. 97. The lever and the strueture for the lever
bearings are of brass and the knob of hard rubber. The base is made of
black fibre.

EXAMPLES OF 200 METER SETS.—Whether the panel or the
isolated instrument type of transmitter is the most desirable depends
upon the serviec to which the set is to be put. For economy of space
and for & fixed installation with which no further experimenting is to
be done, the panel set is to be preferred. The isolated instrument
type appeals to the amateur who desires to experiment {rom time to time
with various cireuits and apparatus. The argument that the panel sct
is more efficicnt than the isolated instrument type carries no weight, for
by proper design and by observing certain prceautions in the installation
the scts arc equally efficient. |

The panel set, in fact, introduces the difficulty of ecleetrostatic in-
duetion fromn the radio frequency eireuits, which may set up high voltages
in the power circuits and puncture the insulation. Without due pre-
cantions in this respeet the panel sct may prove a rather expensive
experiment.
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Frae. 97. Constructional details of a transmitting key suitable for powera up to 1 kw.
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The high potential transformer s placed under the table and to the left
mn the drawing. The secondary terminals of the transformer are insu-
lated by corrugated hard rubber bushings B-1, capable of withstanding
potentials up to 20,000 volts without leakage. The safety gap con-
nected across the terminals consists of 2 discharge electrodes connected
to the terminals of the transformer and separated sufficlently to prevent
discharge when the main gap is in action.

The condenser rack is insulated from the operating table by corru-
gated porcelain or electrose legs. For operation at the wave length of
200 meters, the condenser may consist of 20 plates of glass 147 x 147
with an average thickness of 34”. They are covered with tinfoll
12”7 x 12”. There are two 10-plate banks connected in series. Other
dimensions may of course be used as long as the proper condenser capacity
is provided.

The leads extending from the transformer secondary are led up
through the table through the insulating bushings -2, and are attached
to the binding posts B-4, which are mounted on hard rubber slabs on
the edge of the eondenser rack. No. 18 d.b.r.c. wire will casily carry
the secondary current, but a neater job will be done if 34" copper tubing
is employed, as it is self-supporting when attached to the binding posts,
B-1.

The tabs of tinfoil from the condenser plates are attached to the
binding posts B-i. If the brush discharge 1s cxcessive the plates may
be immersed In a metal or porcelain tank, filled with a good grade of
insulating oil. However, oil immersed plates often do not prove practi-
cal, as it is difficult, even with the best grades of glue, to keep the tinfoil
on the plates when they are oil-immersed, unless they arc stacked up and
boungd together closely with insulating tape.

The oscillation transformer is supported by the pillars, P-1, and the
cross rod P-2. The primary is permanently fixed to the rod, but the
secondary may be slid backward and forward for varation of the coupling.

The primary coil has about four turns of $§” copper tubing, with the
turnsspaced 34" apart. Itisfrom8” to 10”in diameter. Thesecondary
coil contains from 8 to 10 turns, spaced 24" apart, and may be the same
size of tubing. To sccure a pure wave according to the U. S. law it is
usually undesirable to have the secondary coil inside of the primary coil;
generally there is an air space intervening of from 2” to 3. Both the
primary and secondary turns must be well insulated and, in eonsequence,
it is nccessary that the supports of each be made up of some good insu-
lating material, such as a high grade of hard rubber, porcelain, bakelite
or micarta or any of the well known insulating matcrials.

A spark gap G, is placed between the condenser and oscillation trans-
former and it may take one of several designs. Amateurs are accus-
tomed to use the non-synchronous gap, which usually consists of a disc
of insulating material, 6” to 8” in diameter with a scries of equally spaced
discharge electrodes mounted on the shaft of a motor, rotating from
1800 to 2400 r.p.m.

The terminals of the gap motor arc connected to the top terminals of
a 10-ampere power switch by means of which it can be started and
stopped. Various mcthods can be devised for starting the motor; one
is to fit the antenna switch with an extra set of contacts so that when
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dritled through a window panc and a brass rod passed through it, but the
incoming leads of the acrial must then be well backstayed to remove the
strain from the glass.

The right hand stud of the antenna change-over switch ig eonnccted
to the antenna post of thereceiving taer and the carth connection from
the latter makes contact at the poiat F-1, to the wire to which the
transmitting ground lead is attached. With this type of switeh In use
the receiving tuner should be fitted with a shunt switch to protect the
detector from the local oscillations of the transmitter during the period
of transmission.

The transmitting key 15 mounted immediately to the right of the
tuner, and is placed far enough from the cdge of the table to allow the
sending onerater’s elbow to rest on the Iedge.

The hot-wire ammeter should be mounted on an insulating stand made
of a sheet of hard rubber or other suitable material of the correet dimen-
stons to support the meter. The base should be insulated from the wall
by hard rubber legs. It is not nccessary for this meter to be mounted
on an insulating support when connected in series with the earth lead,
but the Electrical Inspectors Code in many cities requires that this be
done, regardless of the point at which 1t 1s connected.

A 14 xw. transmiifing set of slightly different design is shown 1n the
sketch of Fig. 99, which includes a 14 kw. open core transformer, four
standard copper plated Leyden jars of the type manufactured by the
Marcomi Company (capacity 0.002 mfd. cach), an oscillation trans-
former mounted directly ahove the condenser, a non-synchronous rotary
spark gap, an aerial change-over switch and a hot wire aerial ammeter.
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Fig. 100. Details of the jar rack for the installation of Fig. 09,

Note that the condenser jars are mounted in a wooden rack, the base
of which is covered with a sheet of copper. Small upright posts 1” x 12”
support the top piece shown in Fig. 100. The holcs to take the jars are
4347 in diameter.

Fastened to the top ot the rack is an upright rod of metal, hard
rubber or of wood, which supports the primary and secondary coils of
the oscillation transformer. It will be scen that with this arrangement
of apparatus the connections in the closed circuit are very short. The
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complete elosed oscillation circuit ean be traced out in the following
manner: The four leads from the inside coatings of the four Leyden jars
are connected to the binding post ¢/, which is mounted on the base of the
primary winding of the oscillation transformer. The circuit continues
through the turns of the primary coil, out the top to the terminal £, of
the rotary spark gap. The circuit then goes through the disc of the
gap, out. the electrode F, and finally to the binding post B, which in turn
1s connected to the copper strip at the base of the jar rack., With the
apparatus mounted in this way no more than two or three turns of the
primary winding are required for the wave length of 200 meters.

The primary winding is made of copper tubing 34” in diameter, spaced
3{" from ccnter to center of the turns. This tubing is fastened to hard
rubber supporting posts by means of brass machine screws, the copper
tubing and the hard rubber post being drilled accordingly.

The secondary winding of the oscillation transformer comprises from
6 to 12 turns of No., 6 d.b.r.c. wire which are closely wound. The top
terminal is connected to one binding post of the acrial meter while the
opposite terminal of the meter is connected to earth. The other terminal
of the secondary winding leads to point A of the acrial change-over
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switch, extend to the contact blade L, and thus on to the aerial. When
the switch is thrown to the contact point £, the aerisl is connected to
the receiving equipment.

Drilling and over-all dimensions for the rotary gap disc appear in
Fig. 10f. A motor should be selected that revolves 1800 r.p.m. The
dis¢, mounted on the shaft of the motor, should be about 77 in diam-
eter and should have eight or ten gparking points equally spaced about
the circumference. These may be made of machine serews 147 or 35”
in diameter. The sparking points should be placed on a radius 3” from
the center and the stationary electrodes E and # should accordingly be
separated about 6”. With this design 240 sparks per sccond are obtained.
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The top and base for the primary winding of the oscillation frans-
former are constructed as shown in Fig. 102. TFig. 103 gives the dimen-
sions of the drum for the sccondary coil, which may be of wood.

The aerial ammeter is mounted on a board immediately behind the
rotary spark and at such a height that the reading of the scale is directly
visible. The aerial change-over switch is similar to that shown in Fig. 98.

A representative panel transmitter designed by A. R. Zahorsky of New
York City is shown in Figs. 104, 103, and 106. The panel indicates
first-class workmanship throughout and shows what may be done when
raechanical as well ag electrical details are given carefu] attention. The
over-all dimensions are given 1n Fig, 104, They may have to be altered
somewhat to suit the instruments and material which the amateur has at
hand. The sketches, however, guggest other designs that the builder
may work out at his convenience.

The panel shown in the accompanying figures, may be made of transite
asbestos wood from 14" to 34" thick. ~This is the best kind of material to
use, because it is cheaper than slate or marble, is more easily worked and
18 ﬁ..reproof . However, a neat panel may be built of 1" oak or pine boards
and given two coats of floor varnish. The panel is mounted by means of
wood screws on two, 2”7 x 2” wooden uprights, or on iron brackets braced
15" from the wall.

For switching from a transmitting to a receiving position two single
pole double throw high tension knife switches are employed. The
blades-as shown in the side elevations, Figs. 105 and 106, are interlocked
by means of bell-cranks and levers. They arc operated by a lever approxi-
mately 2’ long—7" from the floor. This places it In a convenient
position for & man Slttmg in a chalr.

The conductor for the oscillation transformer shown in Fig. 106 should
be no smaller than No. 4 B&S stranded bare or insulated cable. If none
is available, the amateur mmay build up an equivalent cable by twisting
together 27, No. 18 B&S bare wires, or 40, No. 20 B&S wires. The
secondary cotl has two turns, the primary 5 turns. The conductor for
both primary and secondary of the oscillation transformer are wound on
crosses made of pine bhoards impregnated with 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 diameter.

The condenser in the primary circuits is built up of thirteen 14”7
olass plates 12" square. Half the plates are coated with extra heavy
tinfoil 9” square applied to both sides. Terminal lugs are placed on the
case, one on the lower edge, the other on the side. They are preferably
madec of thin sheet copper. In assembling the condenser a plain glass
plate is placed between two coated plates to vary the capacity. This
method avolds taking taps from the helix, the morc common mecthod.

The rotary gap is one of the Marcom type of dischargers 'The disc
is made from a piece of red fibre 14" thick, 10” in diameter and impreg-
nated with paraffine. It haseight 3¢° brass studs spaced equally around
the circumference and fastened by means of a thin nut on each side.
These nuts are made thin by cutting a 3¢” brass nut in two with a hack
saw. The driving pulley should be about 3”7 in diameter. The disc
and pulley are mounted on a picec of 23¢” drlll -rod 6” long which serves
as a shaft. The rotary gap should be drnren by a small induction motor
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and run about 1800 r.p.m. giving 240 discharges per second. The size
of the pulley on the motor depends upon the motor speed. A leather
belt serves as « driving medium.
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Fie. 207, Wiring diagram of the apparatus in Fig. 104.

The hot-wire ammeler on the left hand side of the panel should have
flexible leads with spring clips so that it may be inserted in the acrial
cireuit when required. The other ammeter is placed permanently in

the 110 volt supply line as shown in the wiring diagram Fig. 107.

The special features of this transmitter are the short leads in the
oscillating circuits and the lack of sharp bends or kinks which would
cause leakage at high voltages. All sharp corners on both conductors
and insulators should be rounded off with a file, The insulators shown
on the high tension knife switches may be of poreelain, electrose, or
hard wood baked dry and then boiled in paraffine. High voltage insula
tion is necessary.

The diagram Fig. 107 does not show protective condensers. A
protective unit consists of two one-microtarad condensers connected in
series, ‘The central wire is conneeted to earth and the two outside wires
across the power line close to the meter. A protective spark gap might
also be connected across the secondary of the high voltage transformer

A panel set of less expensive construction has been shown by H. R
Hiclk of Connecticut of which the front and side views are given in Fig.
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108, No. 1, on the front view, 1s an aerial hot wire ammeter; No, 2
15 a shunt switch for cutting it out of the circult when not 1in use. No. 3
15 a control knoly which, when pulled in and out, varies the coupling of
the oscillation transformer.

A single blade antenna change-over switch is indicated at No. 4,
The blade should clear the knob of No. 3. No. 5 and No. 6 are large
size snap switches; the former closes the power circuit to the transformer,
the latter starts and stops the rotary gap motor.
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I1@. 108. Bimplo pancl set designed by an experimenter

The driving motor for the rotary gap No. 7 is mounted behind the
panel with the shaft extending through the panel. The switches No. 8
vary the capacity of the high voltage condenser which compriscs several -
units of the moulded type. The high voltage transformer is indicated
at No. 10. A wvariable input is obtained by the multi-point switch
mounted on the transformer box. .

Outlining the construction of a simple panecl transmitter swutable
for the amateurs financial resources and mechanieal ability, C. S. Ballan-
tine suggested the arrangement of Figs. 109 and 110. A quenched gap
is employed. The oscillation transformer is one of the helical type
(shownat A Fig. 110) and immediately above it 1s an aerial tuning coil B.
The condenser at the bottom of the panel has two sections of the moulded
type, the capacitance per section being 0.0017 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.c. 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.cc three-point wave length changing switches; one for the primary
turns and the other for the secondary turns.  Taps from the two coils
for three suituble wave lengths are brought to the contact points on the
switch.
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Fic. 109. Panel transmitter using a spark coil and a small quenched gap

The notation 7 is a binding post for 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
fundamental idea of construction is treated in the following paragraph,
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Fia. 111, A spark trsnsmitting sct compaetly mounted.

Fig. 111 shows a compact spark fransnﬁtting set not of the panel
type, designed by Roger G. Wolcott of Virgimia. The cabinet has a
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slate front for the power control switches. A pancake oscillation trans-
former is mounted on the top. The position of the secondary is fixed
by the set screw F.

A 1s a closed core transformer, B 2 high voltage condenser, and ¢ a
partition between. The rotary gap is mounted external to the cabinet,
It should be placed nearby to keep the leads in the closed oscillation
circuit at & minimum length.

WAVE LENGTH SWITCH FOR TRANSMITTERS.—It is a distinct
advantage to fit a panel transmitter with a wave length changing switch.
These switches are now commonly used in government and commercial
wireless telegraph transmitters. -

A mechanical switching arrangement of any type which will change
the inductance or will instantly change the inductance and ecapacity of
the open and closed circuits for several wave lengths, will permit the
operator to use one of these wave lengths to “feel” his way through
“JTamming” in a way which the ordinary design does not afford.

It must be understood that for each wace length not only a new value
of primary and secondary tnductance must be found  but the transformer
coupling must be changed as well, It might seem at first hand that two
simple multipoint switches, one in the primary and the other 1n the
secondary, would fulfil the requirements, if the taps on the oscillation
transformer were correctly located for each wave length. But in addition
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Fra. 112, Details and cirewts of & wave length changing switeb suituble for the amateur transmitting set,
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to this the fransformer conpling would have to be altered for each wave
length and this would necessitate an added operation. However, if the
scheme of switches and connections shown in IFig. 112 is used, the primary
coil L-1 and the secondary coil L-2 may remain a fixed distance apart
for all wave lengths and the coupling changed by varying the number of
turns in the secondary L-2 and the loading coil L-3.

No mechanical details are given in Fig 112, These are left to the
builder. The object of the gketch is to show the basic principles of a
wave length changing switech. £L-1 and L-2 are spiral coils mounted
parallel, The primary wave length switch is mounted 1o front of the
primary L-1, and the secondary switeh iminediately behind L-2. The
former has three contact studs while the latter has six.

From the switeh points A B ¢ of the primary switeh, leads are ex-
tended to the primary inductance tapped on the coil at whatever points
will give the desired wave length. The .positions for the taps are, of
course, found by a wave meter. The wave lengths for a 200-meter set
might, for example, be 150, 175 and 200 meters and with the switching
arrangement here provided the operator may use any of these at his
discretion.

Note that for the 200-meter wave the sccondary switeh closes the
circuit between coils L-2 and L-3, at the contact points F and F’; for
the 175-meter wave at £ and £/, and for the 150-meter wave at D and
D’. The switeh points D/, £’, and F’ are connected successively to an
increasing number of turns in L-2, as arec D, E, and F on L-3.

This affords a progressive increasc of inductance as the wave length is
raised although these cannot be sald to be the cxact relative positions
of the contact clips on the oscillation transformer for maximum antenna
current at the several wave lengths when in actual use. This will be
cxplained presently.

The blades of the primary and secondary switches can be attached
to a rod R controlled by the handle H which may extend through the
front of the transmitter pancl. This rod may pass through the center
of the supports of the primary and secondary coils. It should be made
of some good insulating material, The coil L-1 may be fastened rigidly
to the panel, but L-2 should slide on the rod R. It is not neeessary to
provide a control handle to vary the spacing between -2 and L-1 as
this may be fixed when the correct position for L-2 is found. For
quenched gaps the spacing is about 2%, but for rotary gaps it may have
to be 4” to 6”.

The contact studs of the wave length changing switches must be
mounted on good insulating material. Sheets of dilecto or bakelite
erected parallel to the coils will be suitable.

For the 200-meter set operated at the three wave lengths which we
have already mentioned, the capacity of the condenszer € cannot exceed
0.004 to 0.006 mfd. unless the connections In the spark gap oscillation
circuit are extremely short. For it ean be readily seen that if the capaci-
tance of the condenser were 0.008 mfd. for example, at the shorter waye,
(150 meters) substantially no turns could be cut in at the primary.

In regard to the use of the loading coil L-3 the experimenter should
know that there are two ways of obtaining some desired degree of coupling
between L-1 and L-2. Furst, the spacing befween L-1 and L-2 may be
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varied unbil maximum antenna current and o pure wave is secured; or,
second, L-1 and L-2 wmay be placed fairly close to one another and the
coupling varied by cutting out turns at L-2 and adding e similar amount
of inductunce at L-3 so as not to change the wave length of the complete
antenna circuil.

To summarize, if L-1 and L-2 are scparated one or two inches and
the coupling 1s too close for maxunum antenna current cut out turns at
L-2 and add an equivalent number at L-3. If the coupling istoo loose,
add turns at L-2, and take out an equivalent number at L-3.

11 is now clear that the use of the loading coil L-3 pernuts variation
of the transformer eoupling without disturbing the »pacing between I-1
and L-2. It is equally clear that the wave length switches must be
mounted on the panel as near as possible to the radio fr equency circults
in order that all connections may be of a minimum length,

The only way to find the correct number of turns to be cut In at L-2
and L-3 for each wave length is to try them out, ia the meanwhile
noting the reading of the aerial ammeter for maximum current. The
primary cireuit should be calibrated by a wavemeter. This insures the
correctness of the wave length of the antenna cireuit when it has been
tuned to the closed cireuit. Just how far L-2 s to be placed from L-1
for its final position must also be found by experiment. If the set is
tuncd according to the foregoing instructions the operator need only
throw the switch in order to change the wave length. The advantages
of such a switch are obvious.

BUZZER TRANSMITTING SETS.—The stmple vibrating buzzer
serves many useful purposes around a wireless station. A so-called
““test buzzer’ 13 a part of every receiving sct.

For many years buzzers have heen cmployed to energize oseillation
circutts.  Small buzzers have been used to transmit over distances of
several miles. In fact, the author recalls distinetly a buzzer vsed in
1904 to transmit radio signals between two stations four miles apart.
A high power buzzer transmitting set pelmlttmv transmission over 100
miles was developed during the war. Installed in an airplane the signals
were distinctly readable 25 miles dlst.lnt using a simple erystal rectifier
as a detector.

Fig. 113 shows the basic idea of the circuits. By giving heed to the
following details, any experimenter with the necessary tools will be able
to construct a \nbratmg spark transmitter that will give satisfactory
communication up, to let us say, 50 miles.

The principle featurc of Fig. 113 is the buzzer itself, consisting of a
large open core magnet in front of which is mounted the vibrator spring
S-1 carrying a silver contact C-1 about 1” in diameter. The stationary
contact C-2 is of the same material and of the same diameter. The
spring S-1 should be rather stiff and if it is not an adjusting screw may
be attached near the bottom to increase its rigidity. It 1s well to have
adjustable spacing between the magnet core and the iron armature 7,

For use with-a 500-volt d.c. source the magnet should be wound
with 2800 feet of No. 32 d s.c. wire on a core about 514" long and 114"
in diameter. The core is made of a bundle of No. 22 iron wires.

The condenser C should be of rather large capacity while L, the prim-
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Fre. 113. Fundamental cireuit and constructional details of & high power buzzer transmitter suitsble
for 20 to 100 miles corumunication. The source of power 1s either 110 v, or 500 +. d. ¢.

ary of the oscillation transformer nced only have a single turn. It is
claimed that the oscillations in the spark circuit are highly damped, so
that smpact excitation is obtained. It is claimed further that the primary
and secondary circuits need not be in exact resonance, although better
results are obtained if they are in resonance. The capacity of € should
be changed for different wave lengths and the exact value for maximum
antenna current found by trial. A capacitance of 0.013 mfd. is suitable
for 200 meters.

When the vibrator is in operation an audio frequency discharge occurs
between the clectrodes 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) the oscillations in the
first part of the wave traln have undamped characteristics but as the
separation becomes greater their amplitudes fall off, giving the oscillation
damped characteristics. The undamped characteristic becomes more
prominent, at the shorter wave lengths. Successive trains do not fall to
zero and hence the transmitting range, using receiving detectors suitable
for damped oscillations, is materially reduced. For maximum signals
some form of the heterodyne or “‘beal” receiver may be used.
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Increased range may be sccurcd with dampcd wave detectors by in-
serting a mechanically operated “chopper’” in the antenna eircuit of the
transmitter. This should be eonstructed to interrupt the antenna
currents about 200 times per second. Very good transmitting ranges
may then be obtained by using crystal rectifiers or any type of oscdlatlon
detector suitable to damped oscz’llatians. QOrne form of a commutator
type of interrupter may be used as a “chopper.”

When a 500-volt d.c. source is not available, good results may be
obtained from 110 volts d.c. For operation at the latter voltage, the
magnet in Fig. 113 is made of a soft iron core 1" in diamcter, 41 ” lonu
wound with No. 22 d.c.c. wire. The winding gpace 1g about 1" ]onn and
31" deep making the diameter of the magnet about 214", The vibrator
1s made of a picce of cold-rolled steel about 1% wide, 514” long, and
Li” thick. The soft iron armature mounted on the spring is about 17
in diameter and }4{” thick. The silver contacts are 14” t-hick and about
1”7 in diameter,

The most expensive items in the buzzer transmitter are the silver
contacts, which are sweated on to copper bases. This is a difficult job
and is best done by a jeweler. The oscillating current in the closed
circuit is approximately 40 amperes which explains the necessity for the
large contaets.

The oscillation transformer secondary may consist of 15 turns of bare
No. 12 B&S wire wound on a form 127 in diameter.  The primary may
have one or two turns placed inside the secondary.

The 110-volt set takes about 0.75 ampere d.c. and the 500-volt set
about 1 ampere,.

This type of transmitter should prove useful for inter-city radio
communieation, though it is also practical for greater distances. The
75-watt buzzer set will give antenna eurrent of about 1 ampere. The
range is about 20 miles with crystal rectifiers at the receiving station.
With a ¢hopper in the antenna eircuit of a 500-watt buzzer set, to gain
a mmedeffettlve modulation of the antenna currents, 200 miles ha,vc been
covered.



CHAPTER V
CONSTRUCTION OF AERIALS AND MASTS

TYPES OF AERIALS.—The tnverted “L” flat top and the “T" type
are the most common of the four principal types of aerials in use to-day,
The “fan’” and “‘wmbrelle’” types are rarely seen at amateur stations.

Phosphor bronze acrial wire is employed at commereiul stations, be-
cause of lf% tenstle strength, combined with a fuir degree of conduchwfy
A single wire usually consists of 7 strands of No. 19 wire or 7 strands of
No. 21. Hard drawn copper wire or aluminum wirc may be used.
Galvanized iron or steel wire has been employed but the resistance losses
are rather high.

For receiving work two wires spaced 4 to 10 feet are sufficient, but for
transmitting use 4 to 8 wires. The fundamental or natural wave length
of transmitter aerials obviously must be less than 200 meters for sonme
mductanee must be inserted at the base to absorb energy from the spark
gap eircuit. As shown in Chapter I, pages 52 and 54, the flat top portion
of an inverted “L.”, for operation at 200 mcters, cannot excced 100 feet
in length; while for'a “T" acri ial, the length cannot exceed 140 feet. In
either case the flat top portion with the lengths given, cannot be more
than 40 feet above the earth. In any casc it 1s better fo measure the
natural wave length of an aerial with « wuave meter. I it 1s too long, the
flat top ean be cut off until the desired fundamental is obtained; or a
short wave condenser may be employed to reduce the wave length. But
this last 1s not recommended.

The same applies to the receiving acrial; for efficient reeeption at 200
meters its fundamental wave length must be less than 200 meters. Al-
though very long receiving aerials cannot be uscd for the reception ot

«hort wave lengths a small 200 meter acrial may be employed to receive
the longest waves; for because of the amplification obtainable from the
vacuum tube very weak incoming signals, which would be obtained from
such small aerials, may be brought up to audibility,

Fig. 114 shows the general design of an fnrerted LY aerial supported
between two masts on separate buildings. Fig. 115 shows a “*777 aerial
with the lexd-in wires attached to the center of the flat top. The wires
are strung on spruce spreaders 8 or 10’ in length. Eaeh wire has oac
insulator 12” to 24" in length at each end of the flat top. The ends of the
bridle for each spreader arc attached to eye-bolts at the ends of the
spreader, and the middle of the bridle fastened to the lifting halyard
which runs through a pulley block fastened to the top of the mast. The
lead-in wires are connected to a lead-7n insulator like that described on
page 131.

152
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Fi, 114, Aninverted '*L’’ aenal suitable for the amateur station,
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Fie. 115, A “7 s.erw.l which is generally used where it i3 more convenient to take the lead-in wires
off the center of the flat top rather than off the end.

The lead-in wires should be “bunched’’; that is, twisted into a cable,
There is no advantage in using spreaders longt,l than 10/,

PRECAUTIONS.—If the transmitter opcrates at high voltages the
flat top should not be erected over power, light or telephone wires, as high
voltage radio frequenecy currents may induce disastrous potentials in
such circuits. The flat top should be swung just as far as possible from
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such cleetrical eireuits. If it 13 impossible to erect the antenna at a
considerable distance from local power circuits try and place the antenna
at right angles to them. '

Only the best grades of insulators should he used in transmitting
aerials. Insulators made of cheap materials will leak the antenna cur-
rents in wet weather and thereby destroy the efficiency of the set.
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Fia. 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 available. Often the antenna wires are
seen stretched between a water tower and a tree, between the gable of a
barn and the roof of a wireless cabin, or between two high trees.

In cities the roofs of apartment houses are dotted with flat top aerials,
supported on gas pipe masts 20’ to 30’ in height. Any one can easily
install, single handed, a couple of lengths of gas pipe joined by a coupling
with a pipe stand fitted to the base. The pipe stand is bolted to heavy
picces of 4”7 x4” timber, and further support given to the mast by iron
wirc guys attached to convenient fastenings on the roof,

The triangular self supporting tower in Fig. 116 is neat in appearance
and very desirable if there 1s insufficient room for guy wires. Robert
Kennedy of New Jersey suggested the design. The essentials of the
design will be evident at a glance. Three lengths of 1”7 gas pipe are
separated at their base by one-fifth their length. They are bound to-
gether at equi-distant spaces, by an iron strap rigidly attached to each
pipe as is shown in the detail A.  The strap passes part of the way around
the pipe. A bolt is inserted and serewed up tightly as shown. In order
to increase the height, a weoden ftop-mast may be fastened to the top.
This is supported by a piece of heavy wood placed at the first brace from
the top as is shown 1n the upper right hand part of the drawing.

As an alternative, fit a pipe stand t6 the basc of the top-mast and
fasten it to the wood base by lag bolts. Attach an iron band with an
eyc to take the pulley block to the extreme top, as shown in the illustra-
tion.

Allan Lawson shows a
simple method of support-
g an aerial between a
wooden mast on a building
and a tree. His designs ;
are presented in Figs. 117
and 118. The mast is sup-
ported solely by guys and
this construction 18 recom-
mended where it is not per-
missible to cut holes in the
roof. The mast is built of
2" x 2" timber. For a
height of 30, 6 pieces, 10’
in length are requ1red
The legs are separated 8’
at the base. Theyrest on
1” boards and are fastened
to them by cleals.

Wood cross pieces made - | House Roof
of one inch board are oo .
placed at regular intervals . 0"
to brace the structure. ’

Further bracing is secured

bv the er wires which  Fre. 117, Showing the construction of & mast which can be
y t , Cross erected on the roof of a building without boring holes for
may be pulled taut by turn-  sypport of the base.

30—
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buckles. Two guy wires arc fastencd to the top and two more at the
middle. These are then fastened to eye-bolts inserted in the roof.

Fig. 119 shows the amateur how he may erect a wooden mast with
the ald of his neighbors. H. E. Lange of Missouri suggested this method.
The particular mast to which this process of erection was applied was
54’ high and built up in three scetions. The bottomn section was made
of 3 x 3" stock, the second section of 3" x2” stock and the top scetion

‘g“kz“:laéw.ﬁ;; l?'flﬂ'o"‘.

Fia. 118, Showing the completed mast and antenna,

2" x 214", Although the sections are bolted together the strain is taken
off the bolts by cutting away the overlapping part of the lower section
so that the weight of the section above rests on the section below it.

Beginning at the bottom, three sets of guys are placed 17, 18, and 19
feet apart,

ﬁpc fied on end of Gy wirsd

/ af thia moink

254" Fole
’191.96

‘ L (75t AP,L
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Al goy wires must hong loose s;’onc or Longrefo

Fia. 119. Oupe experimenter's method of erecting 4 **wircless” mast.

B shows the halyard for pulling up the mast. It is attached to a
guy wire and the rope goes through the pulley A. In order to prevent
side sway the men stationed at D and E hang on to the mast guys.
While the men at A are pulling on the halyard, the man at C is inserting
a prop to relieve them between pulls. The men holding the guys at
D and E must stand back at a distance so that the mast will not topple
in the opposite direction when it drops into the hole.
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Fig. 120 shows a 70 foot gas pipe mast of unique construction designed

by Geo, H, P. Gannon of Massachusetts.

The complete specifications

appear 1n the sketch. The hottom section is made of 2” gas pipe, suc-
‘eessive seetlons are of lesser diameter until for the top section the diam-
The mast is braced by steel telegraph wire and turnbuckles

i

eter 1s 34 ”.

w0t £ Fpe

w il 1 fe

L

nlt 1 Fpe

[ .
<

wof? f Fpe | 1w/t o' Fpe

i

Tee for geriof .~

ring ond pulley

jg o screw

// I Bors 2/ {(

Commor
Flpe plug

e hole

Bors 3{ 11 iy
AN

lelegroph wire

Bors 5;///9\

Bors 717 /g~

1 dovdie cross

| =

—\“ Al end of bor 1" coupimg

4—
<
")
x
&
2oncrere
\\
7 ¥/ .
% Y M

' /// Z

o %

lee

Ay cross Tee
ond fogped plug
2% fee

N /1) SLC O

lefegroph wire

Turnduchie
-~

log siey
\

\)

Fra. 120, A 70 foot mast constructed of gas pipe.









CHAPTER VI

RECEIVING TUNERS AND OSCILLATION DETEC-
TORS—GENERAL THEORY OF OPERATION—
PREFERRED CIRCUITS—GENERAL DE-
TAILS OF CONSTRUCTION

GENERAL CONSIDERATIONS.—There 1s 4 ccrtain similarity be-
tween recelving and transmitting circeuits in wireless telegraphy, Take
for example, an inductively coupled transmitier: The closed elrcuit
generates radio frequency currents which are passed on to the open or
acrial circuit from which a wave motion is propagated. In an in-
ductively coupled receiving set the antenna or open eircuit absorbs a certain
amount, of energy from the passing wave, and passes the resulting cur-

rents to the closed circuit where they are detected and, in some cascs,
amplified. If at the transmitter an oscillation detector i is substituted for
the spark gap, and the secondary of the high voltage transformer is re-
placed by a telephone receiver the transmitting radio frequeney cireuits
w111 function as a receiver. With this change of apparatus, the same
circuit may be used for both purposes. Thls, however, 1s not done in
practice.

The necessity for resonance hetween the closed and open circuits of
the transmitter has already been pointed out. Similarly, if any useful
results are to be expected, the closed and open circuits of the receiver
must be funed to each other and in clectrical resonance with the fre-
quency of the wave motion radiated by the transmitter. The process of
obtaining resonance is called tuning and in receiving circuits maximum
signals are obtained only when the receiver circuits are accurately funed
to the transmitter.

The ordinary telephone receiver is used to translate radio frequency
currents into audible signals. Certain faets about the opceration of the
telephone will be review ed. T hough it might be thought that since the
telephone receiver will indicate the passage of very feeble currents it
may be conneeted in series with the receiving aerial to detect the flow of
radio frequency currents, the fact remains that the telephone diaphragm
cannot follow the extremely rapid variations of radio frequency currents
of the higher frequencies. -Even if this were possible no sounds would be
detected by the ear, since the average car is unrcsponsive to vibrations
above 16,000 per second. The ability of some ears to detect sound vibra-
tions fails at frequencies considerably below that value—at, say 8,000
vibrations per second.

160
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When a recciving antenna is tuned to a 200-meter transmitter the
frequency of the antenna currents is 1,500,000 cycles. The lowest fre-
quency cmployed for transmission and reception up to date is about
15,000 cycles; the highest about 3,000,000 cycles. The first value 13
about on the boundary line between an audible and mandible current.
Since the ear will not respond to such high frequencies and since the
average telephone responds best to lower frequencies—between 500 and
1000 per second—it is neecssary to modify the wave form of radio fre-
queney currents into a form suitable for maximum response in the tele-
phone receiver.

One way of making damped oscillations of radio frequency audible
in the head telephone, is to rectify the currents into d.c. pulses. There
are several minerals and compounded crystatiine substances which have the
ability to reetify high frequency currents.  When used 1n this way they
are called oscillation detectors. 1t eannot be said that they detect any-
thing for what they recally do is convert radio frequency currents into
uni-directional currents to which the telephone willrespond.  Toobtain
response in a telephone the amphtudes of the rectified radio frequency
currents must be modulated at audible frequencies. In spark trans-
mitters the antenna currents are generated in audio frequency groups
determined by the number of spark diseharges per second. The tele-
phone is then impulsed once for each spark discharge.

PICOMING
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J16. 124. Graphs outlining the phenomena involved in the detection of damped oscillations by rectifiers,

The curves of Fig. 124 show the phenomena of reetification and
reception, The upper curve shows three groups of incoming radio fre-
quency oscillations. The second curve shows the uni-dircetional cur-
rents resulting from rectification, and the lower curve shows the tele-
phone current, The rectified pulses of each group in the second line are,
of course, radio frequency pulses to which the diaphragm eannot respond.
The pul’ on the diaphragm is the result of a sort of an average effect of
cach group of pulses ag shown by the lower graphs.

Then if the amateur’s transmitter has, let us say, a non-synchronous
gap giving 240 sparks per second, 240 groups of radio frequency currents
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flow in the antenna circuit of the transmitter; a similar number are in-
duced in the receiver circuits where they arc vectified and the diaphragm
of the telephone will be impulsed 240 times per second. The listencr
will hear in the telephone a note of the same pitch that he would hear

were he standing begide the transmitting spark. '

—
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Fira. 123, Fundamental wiring diagram of the inductively coupled receiving set, often called the ‘two
nrcuét receiver. The diagram shows the eircuiis of a buzzer tester for pre- adjustment of the osecilla
tion detector.

THE INDUCTIVELY COUPLED RECEIVER.—We must next con-
sider the fundamental circuits of an inductively coupled receiver utilizing
a, stmple rectifier as au oscﬂlatlon detector. The fundamental diagram
is shown in Fig 125 L-1 is the aerial tuning inductance, £-2 the prim-
ary coil -of the tuning transformer, C-1 the short wave condenqer A the
antenns which is connected to earth at the lower end. These are the
elements of the open circuil.

The closed circuit comprises the secondary of the tuning transformer
L-3 and the shunt variable condenser C-2. D is a carborundum rectifier
~and C-3 a tclephone condenser. B is a battery of 2 to 4 volts, P-21is a
400 ohm potlentiometer, and P-1 are head telephones of 2000 ohms re-
sistance.

The tuning elemcents for cstablishing resonance with the transmitter
arc L-1, L-2, 1-3, C-1, C-2  The circuit of Fig. 125 operates practically
as follows: If the distant transmitter radiates at 200 meters the
frequency of the radinted wave motion is 1,500,000 cycles per second.
As the antenna A is in the path of the wave 1t Is acted upon by the static
and the magnetic components of the electric wave which tend to induce
in the antenna system oscillations of the frequeney radiated by the
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transmitter. It is hardly possible that the antenna circuit of the re-
ceiving system will have the correct values of inductance and eapacitance
for resonanee with the radiated wave; therefore, resonance must be estab-
lished by the tuning elements shown in the diagram.

We have seen in connection with the transmitter that the tuning of a
radio frequency circuit to a given impressed frequency resolves itself
into the problem of making the induciance reactance and capacilance
reactance equal to a particular frequency. And that is just what the
operator at the recelving station does in order to establish resonance
with the transmitter. By varying L-1, L-2, or (-1, he makes the total
inductance reactance of the antenna equal to the total capacitance
reactance for a particular frequency, say of 1,500,000 cycles. This has
been accomplished when maximum signals are obtained in the head
telephone.

Assume now that the antenna circuit is in resonance with the trans-
mitter; the antenna current has reached a maximum, and it now remains
to be “detceted.”  The coil L-3, the secondary, is brought into inductive
relation with the primary L-2, and consequently an e.m.f. of radio fre-
queney is impressed across L-3. By varying the capacitance of C-2, a
ralue can be found that will just neutralize the induetive reactance of
L-3, and the current in the closed circuit will reach a maximum. In
other words both the closed and open circuits are in resonance with the
transmitter.

Referring now to the detector and associated apparatus, note that the
current from a local battery B flows through the reetifier D, through the
secondary L-3, through the telephones P-1, through the contact on the
potentiometer P-2 back to the negative side of the battery. The object
of the battery is to increase the efficiency of the detector. The detector
is a much better conductor of electricity flowing in one direction than in
the opposite direction. Assume then that the current from battery B
flows through the crystal in the direction in which it is the better con-
ductor and the detector is subjected to potential differences at radio
frequencies. Due to a peculiar property of the carborundum rectifier 1t
can be demonstrated that when the e.m.f, due to the incoming signal is
in the same direction as the battery e.m.f. there will be a large increase of
current in the eireuit which includes the head telephone. When the
e.m.f. of the incoming signal (for the next half oscillation) opposes the
battery e m.f., there will be a small decrease in the normal current
through the head telephone. Since the current increases to a greater
degree than it decreases, the preponderance of current, during a group of
incoming oscillations, flows in one direction. 'This in effect amounts to a
direct current to which the head telephone readily responds.

Each spark at the transmitter induces a group of radio frequency cur-
rents in the receiver; and each group, aceording to the actions outlined
above, sends a uni-dircetional eurrent through the telephone. Hence
if the transmitter produces 240 sparks per second, the diaphragm in the
telephone will be pulled 240 times. ‘

The aerial tuning inductance L-1, in Fig. 125 is required only when
very long waves are to be reccived on short acrials. IFor wave lengths
up to two or three times the fundamental of the receiving aerial the
necessary antenna inductance may be included in the primary L-2,
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The shorf wave condenser C-1 15 used to establish resonance with wave
lengths below the fundamental wave length of the antenna. The varia-
tion of this condenser necessarily gives a small range of wave lengths,
for it is not possible to reduce the iunddmental wave length of mtenna
by quite one-half with a series condenser. As an illustration if the
fundamental wave length of an acrial 1s 600 meters about the lowest
wave length that can he obtained for practical working is about 350
meters.

On the other hand an antenna may be loaded by inductance to many
times 1ts natural wave length. An aerial whose fundamental 1s 300
meters may be loaded to 20,000 meters and will give good signals from
high power stations if a multi-stage vacuum tube detector set is
employed.

THE USE OF A BUZZER TESTER.—The adjustment of an oscilla-
tion detector of the “‘contact” type depends largely on skill gained
through practice. As shown in the following designs these erystals are
usually mounted in a container which is one terminal of the detector.
The opposite terminal is a sharp pointed contact which presses against
the crystal and is designed zo that contact can be effected with practually
any spot on the surface of the crystal.

The spot on the erystal which gives the loudest signals in the head
telephone from a given transimitter is called the ° ‘most sengitive” point
of contact. This may be found by trial while Iecenmg from a distant
station; but the operation is facilitated by a “‘lest buzzer’” the circuits for
which are shown in Fig. 125.

A common cleetric buzzer B-1, energized by a battery B-2, includes
In its cireuit a push button K and a coil L~4. The latter is placed in
inductive relation to the antenna coil L-5. IEach coil consists of a few
turns of bell wire wound on a spool 2”7 in diameter.

When the buzzer is active an ean.f. of audio frequency is impressed
across L-5, setting the antenna circuit into oscillation at whatever fre-
quency it happens to be adjusted to. By coupling L-3 closely with L-2
radio frequency cwrrents are impressed upon the detector D.  The opera-
tor then varies the position of the point on the erystal, trying varying
pressures on the contact point and simultanecously Ldjll‘\tlllu the position
of the contact on the potentiometer I’-2, until the loudest possible sig-
nals are obtained in the telephone from the buzzer. Care must be
exercised to send the battery current through the crystal in the right
direction. The proper polarity is readily determined by experiment.

TUNING THE RECEIVER.—If the receiver has heen zalibrated by a
wavemeter it 1s an easy matter to tune a receiving set to any transmitter.
If o table of wave lengths is not provided the d1 stant station must be
“found’’ on the tuning box by trial. The closed cireuit can be calibrated
in the factory but since the primary coil will be used with aerials of
diffcrent values of inductance and eapacitance the antenna circuit can-
not be calibrated until the set is installed.

If the setis calibrated by a wavemeter a table of wave lengths cor-
responding to the dials on all the tuning appliances can be prepm ed to
which the opcrator may refer from time to time,
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If a receiving tuner is not pre-calibrated resonance with a distant
transmitter may be cstablished by taking progressively the following
steps. Referring to g, 125:

(1) Set condenser -2 at zero.

(2) Set coil L-1 (if used) at zero.

(3) Close the switch S-3 around the short wave condenser.

(4) Couple the coil L-3 closely to £~2 using half of the turns of L-3.
(5) Set the buzzer in operation by closing the push button A.

(6) Adjust the pressure of the contact point on the detector and vary the posntmn
of the slider on the poteatiometer until loud signals are obtained.

(7) If it is definitely known that the transmitter is in operation vary the inductance
of 7.-2 until signals are heard.

(8) Then reduce the inductance of L-3, add a little capacity at (-2, and try various
couplings between L-2 and I.-3 for louder signals.

(9) If the signals are weak move the potentiometer slider to ascertain if still better
signals can be obtained.

(10) If the fundamental wave length of the receiving aerial exceeds the wave length
of the transmitter, cut in the short wave condenser (-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 receiving antenna with all the fums of coil /-2 cut in, add turns
at -1 until the desired signal is heard.

To redue¢ mterference proceed as follows:

(1) Redu ;e the coupling of the tuning transformer by drawing 1-3 away from L-2.
(2) Then increase the capacity of C-2.

(3) If the 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 eliminated in this way it indieates that:

(1) the interfering signal is 4 highly damped wave or,
(2) that the interfering station operates on the same wave length as the station it is
desired to receive,

Crystal rectifiers will not hold a “sensitive” adjustment indefinttely,
henee frequent use of the vest huzzer 1s necessary to maintain communiea-
tion.

OTHER METHODS OF COUPLING.—While the inductively
coupled tuner is generally preferred in radio work there are other methods
of coupling the detector to the antenna cireuit,

Fig. 126 shows the plain aerial connection. The detector D is con-
nected dircetly in series wath the antenna circwit., This Is an inefficient
method for the resistance of the detector introduces losses of energy and
prevents the establishment of sharp resonance with the transmitter,

Electrosta ic or capaciiive coupling between the closced and open cir-
cuits 1s shown in Fig. 127. Coils P and § are coupled through the
variable condensers C-1 and C-2. Variation of their capacity is said to
vary the transfer of energy from P and S. Condensers C-1 and C-2
are operated simultaneously from a single control handle. They may
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FIGURE 126 FIGURE 127 FIGURE 128

Fie. 126. ‘'Plain aerial” receiving 8y, stom——porhapx the simplest detection cireuit that is operative.

Fig. 127. Two circuit receiver with “electrostatic’’ coupling used extensively by the U. 8. Navy.

¥1e. 128, Recciving circuits utilizing direct or conductive coupling. An auto-transformer is used as the
coupling element.

be of fixed capacitance for a limited range of wave lengths. In fact one
of the condensers 1s sometimes eliminated and the other used to vary the
coupling. The chief advantage of this circuit is that it permits a more
rapid change of coupling than the usual tuner mechanism where the
secondary 1s drawn in and out the primary.

Direct or conductive coupling is shown in Fig, 128. A single coil is
used as an auto-transformer. Tap A varies the antenna wave length,
while taps B and C vary the frequency of the detector cireuit and permit
the coupling between the antenna and detector circuits to be varied. For
instance if the turns between taps B and € are cut in at a distance from
those between A and FE, loose couplings are sceured just as in the in-
ductively coupled receiver. Just as good signals will be obtained with
this method of coupling as with the inductive coupling, but obviously,
it is less difficult to change the coupling of the mductwely coupled set
than the conductively coupled set.

The beginner is advised to practice with the circuit of Fig. 128.

RECTIFIERS OF RADIO FREQUENCY CURRENTS.—Thcre are
many minerals and compounded elements which will rectify radio fre-
quency currents, Crystals of galena, silicon, iron pyrites and carbor-
undum are most common.

Zincite in contact with bornite is a good combination and molybdenite
1s often used while many recommend a piece of graphite in contact with
galena. Carborundum is generally preferred. These erystals are rugged
and tend to hold their adjustment over long periods. They are suffi-
ciently sensitive for several hundred miles working in commercial practice.

It is well to remember that carborundum is not a native mineral, but
a produet of the electric furnace. It is a combination” of sand, salt,
sawdust and eoke. The finished crystal is known to chemists as carbide
of silicon. Galena (lead sulphite Pb 8), iron pyrite (Fe S;), bornite
(8 Cu; Fe: 83) and molybdenite (Mo 8) are natural sulphides. Zincite
(Zn O) is a natural oxide.
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The majority of these crystalline elements differ from carborundum
in that the opposing contact must bear on the crystal with very light
pressure. Hence we have the familiar ‘“‘cat whisker’” detector. With
carborundum, on the other hand, it is possible to apply very heavy

ressure
P Some crystals of silicon, when ground down to a polished surface on
an emery wheel, will withstand a fairly heavy pressure at the opposing
contact and remain sensitive to incoming signals. Generally, however,
this does not hold true, particularly in the case of galena which on
account of the llghtness of contact is difficult to adjust to a sensitive
condition and to maintain in a sensitive condition for an indefinite period.

Suitable holders or “detector stands’” for wvarlous crystals will
presently be deseribed. :

CHARACTERISTIC CURVE OF THE CARBORUNDUM CRYSTAL.
—1It is interesting to study the phenomona. exhibited by carborundum
crystals under various d.c. e.m.f.’s. The characteristic curve shows
that the resistance of the crystal changes with the current flowing through
it; 1.e., a ecircuit with such a crystal in eries, does not ohey Ohm'’s law.
This ean be demonstrated by the exper iment outlined in Fig. 129.

J_ P VOLTMETER CRVSTAL
- (B 0 “
=" BATTERY 1
T' POTENTIOMETER MICROAMMETER

' &—

Fig. 129. Circuit and apparatus for obtaining the characteristic curves of crystal rectifiers. The (lata
is obtained by noting the readings of the microammeter at severs] voltages. -

A battery B of 4 to 6 volts is shunted by a 400-chm potentiometer P.
D is a carborundum ecrystal in the circuit of which is connected a low
reading voltmeter and a microammeter. The impressed e.m.f. is varied
progressively from 1, to say, 4 volts, and the readings of the micro-
ammeter noted at suceessive steps. When the data obtained in this
way are plotted in the form of a curve they may have the appearance of
Fig. 130. It is seen that as the voltage is increased from 1 to 2.5 volts,
the current rises slowly, but for potentials in excess of that value, the
current rises rapidly, showing that the resistance of the crysta] has
dropped rather suddenly. The bend in the curve ig approximately, where
the change takes place and it is here that the erystal usually functions
best as an oscillation detector.

Referring now to Fig. 125, assume that contact on P-2 is adjusted to
correspond to the lower bend on the curve*: Assume further, that the
e.m.f. of radio frequency impressed by the incoming signal has a potential
of 0.5 volt. If the steady e.m.f. is 2.5, the potential across the crystal

large walues of current indicated by these curves were purposely selected to make the phe-
nomena more appreciable.
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will vary from (2.540.5) =3 to (2.5—0.5) =2. The current through the
telephone will change from the normal of 25 microamperes to 150 miero-
amperes when the potential difference i3 3 volts, and will drop to 20
microamperes when the potential difference 1s 2 volts.
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FiG. 13Q@ A charaeteristic curve of the earborundum rectifier indicating its non-uniform conductivity.

Fi6, 131, Showing the unilateral currents produced by the carborundum rectifier and local battery
during the reception of radio frequency oscillations,

Fig. 132, Graphs of the resulting tclephone currents in radieo roception.

. It is easily seen that the preponderance of current is in one direction
so that a group of oscillations sends through the telephone what amount
to rectified currents.  The resulting uni-directional eurrents in the tele-
phone are shown graphically in Fig. 131. Suceessive maxima decrease
in amplitade according to the damping of the incoming signal. The
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telephone responds to an average of the maxima 1, 2, 3,4. The resulting
t-(*lephone currents for two groups of incoming oscillations are shown in
Fig. 152,

The student with the proper instruments may plot for himeself charac-
teristic curves of various earbornndurn  gpecimens.  Obviously  the
erystal with the qteo;wst curve, will give the Dest response.  The bend in
the eurve of Fig. 130 has purposc ly been magnified to illustrate more
elfectively the rapid drop of resistance at that point.

While the foregoing curve explains the action of a carborundum erystal
when functioning as a detector of radio frequency currents, 1t perhaps
does not explain che facts fully enough.

TUNER DESIGN.—The dimensions of & receiving tuner to cover a
definite range of wave lengths Is a matter of first Importance. Putting
too many turns on the primary and secondary coils for the shorter waves
1s an error made by some experimmenters,  The wnused turns of a coll
introduee “end turn loxses,” which tend to decrease the efficiency of a set.

4 WIRES 40 FT, HIGH

f 80FT. LONG

remee L x 41100 CM S, Y

S AP X\
............. CF 000324 {A PRO
A= 150 METERS)
b2
g o
G2

Fiz. 133. Diagram showing the eircuits of radio frequeney in an inductively coupled receiving system.
The dimensions of the tuning elements for any range of wave lengtha may be calculated by simple
formulae.

Assume for example that the acrial A of Fig. 133 1s made of four
wires spaced 2’, the flat top being 80’ long and 407 high. From the table
Fig. 20, its inductance L,=41,110 centimeters, and eapacitance €,
=0.000324 mfd. The fundamental wave length is approximately 150
meters.  We now wish to calculate the inductance of L-1 to raisc the
wave length to 200 meters.  We also want the induetance of £-2 and the
capacity of C-2 to give the closed cireuit a frequeney equivalent to the
wave length of 200 meters,
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When very large values of inductance are inserted at L-1, sufficient,
let us say, to increase the wave length many times the fundamental wave
length, there is no great error in using the wave length formula for
lumped circuits, viz.:

A=506 VL

Here L may represent the induectance of coil L-1 in Fig. 133, the dis-
tributed inductance of the antenna being 1gnored. (' is the capacity of
the antenna 1m microfarads. Some experimenters let L represent the
sum of the distributed and the concentrated inductance of the antenna
circuit. .

When small amounts of localized inductance are required, as called
for in the problem under consideration, formula (30) is more accurate
for 1t takes into account the inductance of the antenna.

' A=59.6 V(Li+ La) Ca
Where

6 = %3 =low frequency inductance of the antenna,

€.

Li=1mductance of the loading coil at the bagse.
's =low frequency capacity of the antenna system.

If, then it is desired to determine the value of L-1 for any given wave
length we may transposc (30)

Li= et e
YU 3552 Cr

which is formula (39) on page 49. _ _ _
Substituting the values given In connection with Fig. 133:

3 200
T 3352 :x0.000324

L, ~—13,703 =21,227 cms.

(La=%§=41§10=13;mﬂ
In other words it requires but 20 microhenries to raise the wave length
of the antenna in Fig. 133 to » =200 mecters. |

Before we can determine the magnitude of L-2 in Fig. 133 some value
must be assigned to the condenser C-2. DBecause of the short wave length
and high frequency-of the circuit C-2 can be dispensed with, as the dis-
tributed capacitance of the coil, i.e., the capacitance between turns, is
sufficient to establish resonance. Such a circuit will function par-
ticularly well when a vacuum tube detector is used as it will provide a
maximum potential diffcrence across the input terminals of the detector.
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However a small variable condenser across the secondary is of some
advantage In eliminating interference. Hence in this problem we will
assign to (-2, a maximum value of 0.0001 mfd. and calculate the value
of L-2 for 200 meters. This is a circuit with lumped values, therefore

A=59.6 VLC (formula (23) page 40)
and
L= formul
=3Era O (formula (33) page 45)
Hence
L= 2007 =112,612 =112.6 microhenrie
= 35530 0001 — 112 cms. =112.6 microhenries.
= :
—F : TE
S e z
Fic. 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 21.1 and 112.6
microhenries respectively.

Nagaoka’s formula (40) on page 54 is applicable. Itishere repeated.

2 12
L=4T?2 “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 =a factor varying as 2a

b



172 Wireless Experimenter’s Manual

As shown on pages 62 and 63, this formula may be transposed to give
the value of n if the length of the coll and its diameter are first decided
upon, {Note formula (42) page 62). But since tuning coils are wound
closely, the problem may work out so that the pitch of the winding is
less, or perhaps greater, than the overall diameter of the wire. A series
of tedious trial computations would be necessary to effect a close winding.

It 1s about as practical for the amateur experimenter to assume 2o
coll of a certpin mean diameter, of a certain length and a definite number
of turns, and then to make trial computations with forinula (40) and see
how necar the result comes to the desired value.*

After working out a few problems of this kind, the designer will be
able to approximate the dimensions of a coil for a given wave length. If
the coll 1s too long 1t can be reduced to the desired number of turns.

The possible wave length range may be checked up accurately by a
wavemeter gs explained in chapter XIT.

In the particular problem under consideration, we will make the
primary eml FL-1. 315" mn diameter. The secondary L-2 will be 37 in
diameter wound with No. 30 d.s.c. - The primary will be wound with
12 turns of No. 26 d.s.c. The following data obtains:

From the table Fig. 37, the diameter of No. 26 d.s.c. =0.022".
Hence, length of the coill =0.022 X 12 =0.264" X 2.54 =0.6705 cms.

75 X2.54 =4.445 cms.
H705 ems.

89 ems.

].89 “

6705

hol

1
0
20=8
2a

b

a
b
47

|
o)

I

—

[ol3

B

[

From the curve Fig. 27, K =0.186 (approx.).

Henee
, 4 4452122

9
L=3947X 0.6705

X0.167 =27,970 cms.

From the above trial computation we see that less than 12 turns of
No. 28 d.s.c. are required to raise the fundamental wave length of the
antenna in Fig. 133 to 200 meters. 1t is well to have a few extra turns
in order to locate the exact point of resonance. The correetion term of
formula (41) page 57 has not been applied to the problem above. The
method outlined in connection with the transmitter problem may be
followed if this correction factor is to be applied. The results obtained
by formula (40) are sufficiently accurate for amateur working.

We must next determine a secondary coil to have inductance of 112.6
microhenries. We will place 30 turns of No. 30 d.s.c. wire on a tube 3"
in diameter.

From the table I'ig. 37, the diamcter of No. 30 d.s.c. =0.015". Hence,
length of the eoil =30X0.015=0.45"X2.54=1.14 cms.

* #A fairly rapid method of ecalculating the dimensions of a coil for a given inductance is deseribed on
pages 286-292 in *'Radio Instruments and Moasurements,”
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From the curve, Fig. 27, K =0.2685

Henee,
3.812 X302 . .
L=239.147 ><—°-‘811—1>;-’i X0.2685 =121,401 cms. =121 microhenries,

While this execeds the value desired—112.6 microhenries; a few extra,
turns are desirable.

The experimenter will now observe that a tuning transformer for
operation at 200 meters has very bIII{l]l coils. 1In faet, the primary and
secondary windings are less than 137 in length in the problem just pre-
sented. The experimenter who uses tuning coils 5” to 6” in length for
reception at the wave length of 200 meters, should contrast his tuner
with the one just designed.

The question whether all of the antenna inductance should be in-
cluded 1n the transformer primary is 