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PREFACE

This new, Sixth Edition is in full accordance with the latest revisions
to the FCC Study Guide. Elements II, III, and VI have been com-
pletely revised.

Element I is examined by means of the multiple choice type of test.
This element will consist of 20 questions and 5 percent credit will be
allowed for each correct answer. Element II consists of 50 questions
and 2 percent credit will be allowed for each correct answer. Forty of
the questions in Element I are given to all candidates and are of a
general nature. The remaining 10 questions are in any one of three
fields (aircraft, coastal or ship radio) and the candidate is allowed to
choose one of these subjects.

The book incorporates “Discussion” sections for most of the ques-
tions, in order to present much important background material which
should add considerably to the student’s knowledge regarding many
varied topics. It is hoped that the discussions will save the student much
time and trouble which might otherwise be spent in poring over various
reference textbooks.

Each question is divided into two separate sections: a short, but com-
plete answer, and a discussion. Thus, if desired, the student, upon the
first reading, may make reference only to the answer, and come back to
the discussion for more intensified study at a later date.

In the preparation of this Sixth Edition a painstaking effort was
made to present questions in precisely the same order as appears in
the most recent FCC Study Guide. Material that appeared in the
Addendum of previous editions has been brought up and inserted in
its appropriate elements. Thus, the Sixth Edition represents the very
latest presentation of questions and answers for radio operators’ license
examinations.

The study requirements for the various classes of license are as
follows:

Radiotelephone first<lass operator license: Elements I, II, III, IV.

Radiotelephone second<lass operator license: Elements I, II, IIL

Radiotelephone thirdclass operator permit: Elements I, I

Restricted - radiotelephone permit: no written or oral exam.

vii
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Radiotelegraph firstclass operator license: Elements I, II, V, VL.

Radiotelegraph second-class operator license: Elements I, II, V, VI

Radiotelegraph third<class operator permit: Elements I, II, V.

Aircraft radiotelegraph endorsement on radiotelegraph first- or second-
class operator licenses: Element VII required.

Ship radar endorsement on radiotelegraph or radiotelephone first- or
secondclass operator licenses: Element VIII required.

For the reader who is interested in a listing of questions arranged by
subjects (such as Radio-Frequency Amplifiers, Direction Finders, In-
strument Landing System, Meters, Receivers, Transmitters, Vacuum
Tubes, etc.), we refer him to the complete Index which appears at the
end of the book.

The author wishes to express his appreciation to the following persons
for their assistance: Bernard Grob, Richard Blitzer, the late Joseph Pow-
der, Walter Neiman, L. Jerome Stanton, Ben Minor and Pat A. Stock, all
of RCA Institutes.

Gratitude is also extended to RCA Review for permission to reprint
the articles on the Auto-Alarm and Direction Finder which appear
as Appendices, and to the authors of the articles, I. F. Byrnes and H. B.
Martin of the Radiomarine Corporation of America, who also deserve
special mention for providing valuable assistance in connection with Ele-
ments V and VI. Charles Darcy and Victor P. Villandre of Radiomarine
Corporation of America were also extremely helpful in providing im-
portant information for Element VI.

And last but not least, appreciation is expressed to the author’s wife,
Hazel, for her assistance in the preparation of the manuscript.

MiLTON KAUFMAN
New York, N. Y.

May 1957
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ELEMENT I

BASIC LAW

(Note: References which appear after questions in Elements | and Il give
the law or regulation involved in answering the question. Abbreviations
used are as follows: Sec. refers to a section of the Communications Act of
1934; Art. refers to an article of the International Radio Regulations ( Atlantic
City, 1947); R & R refers to provision of the Rules and Regulations of the
Federal Communications Commission; and GLR refers to regulations annexed
to the Agreement Between the United States and Canada for Promotion of
Safety on the Great Lakes by Means of Radio.)

Question 1.01. Where and how is an operator license or permit ob-
tained?

Answer. In general, an operator license or permit is obtained by mak-
ing application to the regional FCC office and by passing such examina-
tion elements as are required for the particular class of license desired.
In the case of a restricted radiotelephone permit, no written or oral
examination is required, but proper application must be made.

Discussion. See “Preface” for a list of requirements regarding the various
classes of licenses and endorsements.

Q. 1.02. Must a person designated to operate a radiotelephone station
post his operater license or permit, and if so, where? (R & R 13.6)

A. Yes. The original license of each station operator shall be posted
at the place where he is on duty or kept in his possession in the manner
specified in the regulations governing the class of station concerned.

Q. 1.03. How must a person who receives a Notice of Violation from
the FCC reply? (R & R 1.401)

A. The person receiving a Notice of Violation shall send a written
answer direct to the office of the Commission originating the official
notice.
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Q. 1.04. How soon does the FCC require a response to a Notice of
Violation? (R & R 1.401)

A. Within 3 days.

Q. 1.05. If a person cannot respond to a Notice of Violation in the
time prescribed by the FCC is it necessary to explain the reason for any
delay? (R & R 1.401)

A. Yes.

D. If an answer cannot be sent, nor an acknowledgment made within a
three-day period by reason of illness or other unavoidable circumstances,
acknowledgment and answer shall be made at the earliest practicable date
with a satisfactory explanation of the delay.

Q. 1.06. Should the answer to each Notice of Violation be complete
and should reference be made to remedial action, if any specific remedial
steps are necessary? (R & R 1.401)

A. Yes.

D. The answer to each notice shall be complete in itself and shall not be
abbreviated by reference to other communications or answers to other notices.
If the notice relates to violations that may be due to the physical or electrical
characteristics of transmitting apparatus, the answer shall state fully what
steps, if any, have been taken to prevent future violations, and if any new
apparatus is to be installed, the date such apparatus was ordered, the name
of the manufacturer, and promised date of delivery. If the installation of
such apparatus requires a construction permit, the file number of the applica-
tion shall be given, or if a file number has not been assigned by the Com-
mission such identification shall be given as will permit ready identification
thereof  If the notice of violation relates to lack of attention to or improper
operation of the transmitter, the name and license number of the operator
in charge shall be given.

Q. 1.07. To whom is a response to a Notice of Violation addressed?
(R & R 1.401)

A. To the office of the Federal Communications Commission origi-
nating the official notice.

Q. 1.08. May the FCC suspend an operator license or permit for
due cause? (Sec. 303(m)) :

A. Yes.
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D. The FCC has authority to suspend the license of any operator upon
proof sufficient to satisfy the Commission that the licensee—

(1) Has violated any provision of any act, treaty, or convention binding
on the United States, which the Commission is authorized to administer, or
any regulation made by the Commission under any such act, treaty, or con-
vention; or

(2) Has failed to carry out a lawful order of the master or person law-
fully in charge of the ship or aircraft on which he is employed; or

(3) Has willfully damaged or permitted radio apparatus or installations
to be damaged; or

(4) Has transmitted superfluous radio communications or signals or
communications containing profane or obscene words, language, or meaning,
or has knowingly transmitted false or deceptive signals or communications, or
a call signal or letter which has not been assigned by proper authority to the
station he is operating; or

(5) Has willfully or maliciously interfered with any other radio com-
munications or signals; or

(6) Has obtained or attempted to obtain, or has assisted another to obtain
or attempt to obtain, an operator’s license by fraudulent means.

Q. 1.09. Can suspension of an operator license or permit take effect
prior to notification? (Sec. 303(m))

A. No.

D. No order of suspension shall take effect until 15 days after the actual

receipt of said order by the licensee.

Q. 1.10. How soon after receiving notification of suspension of an
operator license or permit does a suspension order become effective?
(Sec. 303(m))

A. Fifteen days.

D. This is unless an application for a hearing has been mailed to the
Commission within this period. In such case, the order of suspension is
held in abeyance until the conclusion of the hearing.

Q. 1.11. May a person who has received an order of suspension of
operator license or permit request a hearing? (Sec. 303(m))

A. Yes. (See Question 1.10)

D. Upon the conclusion of a hearing, the Commission may affirm, modify,

or revoke the order of suspension.

Q. 1.12. Is it prohibited by law to transmit unnecessary and su-
perfluous signals? Is profane and obscene language prohibited?
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A. (1) Yes. By international agreement, the transmission of unnec-
essary, superfluous or unidentified signals is forbidden.

(2) Yes. No person within the jurisdiction of the United States shall
utter any obscene, indecent or profane language by means of radio com-
munication.

Q. L13. Does the Government have uuthority to impose fines for
failure to comply with the rules and regulations governing the use of
radio on compulsorily equipped ships? (Sec. 502)

A. Yes.

D. Any person who willfully and knowingly violates any rule, regulation,
restriction, or condition made or imposed by the Commission under authority
of this Act, or any rule, regulation, restriction, or condition made or imposed
by any international radio or wire communications treaty or convention, or
regulations annexed thereto, to which the United States is or may hereafter
become a party, shall in addition to any other penalties provided by law, be
punished, upon conviction thereof, by a fine of not more than $500 to each
and every day during which such offense occurs.

Q. 1.14. What must a person do whose operator license or permit
has been lost, mutilated or destroyed? (R & R 13.71)

A. An operator whose license or permit has been lost, mutilated or
destroyed shall immediately notify the Commission.

D. A sworn application for a duplicate should be submitted to the office
of issuc embodying a statement attesting to the facts thereof. If a license
has been lost, the applicant must state that reasonable search has been made
for it, and further, that in the event it be found either the original or the
duplicate will be returned for cancellation. The applicant must also give a
statement of the service that has been obtained under the lost license.

Q. L.15. In applying for a duplicate operator license or permit, what
documentary evidence must be submitted along with an application?
R & R 13.71)

A. A properly executed application for a duplicate should be sub-
mitted to the office of issue, embodying a statement of the circumstances
involved in the loss, mutilation or destruction of the license or permit for
which a duplicate is desired. If the license or permit has been lost, the
applicant must state that reasonable search has been made for it, and
further, that in the event it be found either the original or the duplicate
will be returned for cancellation. The applicant should also submit docu-
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mentary evidence of the service that has been obtained under the original
license or permit, or a statement under oath or afirmation embodying
that information.

Q. 1.16. Is it permissible to operate pending receipt of a duplicate
operator license or permit after application has been made for re-issue?
(R & R 13.72)

A. Yes.

D. When a duplicate operator license or permit has been requested, or a
request for renewal upon service has been made, the operator shall exhibit
in licu thereof a signed copy of the application for duplicate, or renewal,
which has been -submitted by him.

Q. 1.17. What provision is made for operation without an actual
operator license or permit pending receipt of a duplicate? (R & R 13.72)

A. See Question 1.16.

Q. 1.18. Is the holder of a radiotelephone third-class operator permit
authorized to make technical adjustments to the transmitter he operates?
(R & R 13.61)

A. He may do so only in the presence of an operator holding a first-
or second-class license, either telephone or telegraph. Said operator shall
be responsible for the proper operation of the equipment.

Q. 1.19. Should a radio station that is required to be operated by a
licensed radio operator be a licensed radio station? (Sec. 318)

A. Yes. Any radio station operated by a licensed radio operator should
be licensed.

Q. 1.20. Are communications bearing upon distress situations subject
to the secrecy provisions of law? (Sec. 605)

A. No. Distress communications are exempt from the secrecy pro-
visions of the law,

Q. 1.21. What penalty is provided by law for willful and knowing
violation of regulations imposed by the Federal Communications Com-
mission and of radio treaties? (Sec. 502)

A. See Discussion 1.13.
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Q. 1.22. What penalty is provided by law for willful and knowing
violation of the radio laws? (Sec. 501)

A. Any person who willfully and knowingly does or causes or suffers
to be done any act, matter, or thing, in the Communications Act, pro-
hibited or declared to be unlawful, or who willfully and knowingly
omits or fails to do any act, matter, or thing in this Act required to be
done, or upon conviction thereof, shall be punished by such offense, for
which no penalty (other than forfeiture) is provided therein, by a fine
of not more than $10,000 or by imprisonment for a term of not more
than two years, or both.

Q. 1.23.  Are radio stations subject to inspection by the Federal Com-
munications Commission? (Sec. 303(n))

A, Yes.

D. The licensee of any radio station shall make the station available for
inspection by representatives of the Commission at any reasonable hour and
under the regulations governing the class of station concerned.

Q. 1.24. In radiotelephony, what are the distress, urgency, and safety
signals? (Art. 37)

A. (1) In radiotelephony, the distress signal shall conmsist of the
spoken expression MAYDAY (corresponding to the French pronun-
ciation of the expression “m’aider”), repeated three times.

(2) In radiotclephony, the urgent signal shall consist of three trans-
missions of the expression PAN (corresponding to the French pronunci-
ation of the word “panne”); it shall be transmitted before the call.

(3) In radiotelephony, the word SECURITY (corresponding to the
French pronunciation of the word “securité”) repeated three times shall
be used as the safety signal.

Q. 1.25. In radio communication, what does the transmission of the
“distress,” “urgency” and “safety” signals signify, respectively? (Art. 37)

A. (1) The distress signal (MAYDAY) indicates that the ship, air-
craft or any other vehicle which sends the distress signal is threatened by
serious and imminent danger and requests immediate assistance.

(2) 'The urgent signal (PAN) shall indicate that the calling station
has a very urgent message to transmit concerning the safety of a ship, an
aircraft, or another vehicle, or concerning the safety of some person on
board or sighted from on board.
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(3) The safety signal (SECURITY) announces that the station is
about to transmit a message concerning the safety of navigation or giv-
ing important meteorological warnings. Hence, it should precede such
a transmission.

Q. 1.26. What information must be contained in a distress message?
(Art. 37-14)

A. This message shall include the distress call followed by the name
of the ship, aircraft, or the vehicle in distress, information regarding the
position of the latter, the nature of the distress and the nature of the
help requested, and any other further information which might facilitate
this assistance.

Q. 1.27. Under what conditions may a mobile radio station send a
distress message for another mobile station in distress?

A. Any station which becomes aware that a mobile station is in dis-
tress may transmit the distress message in the following cases:

(1) When the station in distress is not itself in a position to transmit
the message.

(2) In the case of mobile stations, when the master or the person in
charge of the ship, aircraft, or other vehicle carrying the station which
intervenes believes that further help is necessary.

(3) In the case of other stations, when directed to do so by the station
in control of distress traffic or when it has reason to believe that a dis-
tress call which it has intercepted has not been received by any station
in a position to render aid.

Q. 1.28. In the case of a mobile radio station in distress what station
is responsible for the control of distress message traffic? (Art. 37-22)

A. The control of distress traffic shall be the responsibility of the
mobile station in distress or upon the station which, by application of
the provisions of the Commission’s rules and regulations has sent the
distress call. Thesc stations may delegate the control of the distress
traffic to another station.,

Q. 1.29. What does the distress call consist of when sent by radio-
telephony?

A. The spoken expression MAYDAY (see Question 1.24).
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Q. 1.30. How may necessary corrections to the log record be made?

A. Any necessary correction may be made only by the person origi-
nating the entry who shall strike out the erroneous portion, initial the
correction made, and indicate the date of correction.

Q. 1.31. How soon before expiration of an operator license or permit
should application be made for renewal?

A. Within one year before expiration.

D. However, a grace period exists which extends the renewal time to one
year after the expiration of the license. Of course, the licensee may nof
operate with an expired license.

Q. 1.32, Is it prohibited by law to transmit false or frandulent signals
of distress? (Sec. 325)

A. Yes.

D. No person within the jurisdiction of the United States shall knowingly
utter or transmit, or cause to be uttered or transmitted, any false or fraudulent
signal of distress, or communication relating thereto.

Q. 1.33. What is the priority of the urgency signal? (Art. 38)
A. The urgency signal is second in priority.

D. The order of priority shall be as follows:

(1) Distress calls, distress messages, and distress traffic,

(2) Communications preceded by an urgent signal.

(3) Communications preceded by a safety signal.

(4) Communications relative to radio direction-finding bearings.

(5) Government radiotelegrams for which priority right has not been

(6) All other communications.



ELEMENT II

BASIC OPERATING PRACTICE—GENERAL

Note: The questions of Element I are divided into General and Special
categories so that a candidate who wishes to do so may, in the Special
category, select the subject on which he is to be examined from one of
three fields, namely ship, coastal, or aircraft radiotelegraphy.

Question 2.01. If a radiotclephone operator desires to make a brief
test of a transmitter what would be a good choice of words to use in
the test?

Answer:  The operator could speak somewhat as follows: KABC test-
ing, one, two, three, four, etc., KABC.

Q. 2.02. Why is it important to avoid unnecessary calls by radio-
communication?

A. Unnecessary calls should be avoided to prevent interference with
other stations desiring to use the channel.

Q. 2.03. Is it required that a person listen on a channel before trans-
mitting?

A. Yes.

D. The operator should always listen before calling to insure that he
will not interfere with communications already in progress.

Q. 2.04. Why is it advisable to listen on a channel before trans-
mitting?

A. See Question 2.03.

Q. 2.05. Why should a trial of the radiotelephone installation be
made every day?

A. To reveal possible faults that might otherwise causc delays in
normal communications.

Q. 2.06. How can the radiotelephone installation be tested?

A. By placing the installation in normal operation and speaking
somewhat as follows: KABC testing, one, two, three, four, etc., KABC.
9
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Q. 2.07. Before placing the transmitting apparatus of a radio station
in operation for a test what precautions must be taken?

A. The operator should listen on the transmission frequency to in-
sure that interference will not be caused to a communication in progress.

Q. 2.08. What is the correct form for transmitting a distress call by
radiotelephony?

A. In radiotelephony, the distress signal shall consist of the spoken
expression MAYDAY (corresponding to the French pronunciation of
the expression “m’aider”), repeated three times. The distress signal must
be followed as soon as possible by the distress message. See also Ques-
tions 1.24 and 1.26.

Q. 2.09. Why is it a good policy to be brief in radiotelephone con-
versations?

A. 1Tt is a good policy to be brief to permit other stations to operate
without interference and also from the standpoint of efficient station
operations.

Q. 2.10. What is the significance of the word “clear” when trans-
mitted at the end of a radiotelephone communication?

A. The word “clear” signifies that the transmission is ended and that
no response is expected.

Q. 2.11. Are there any ill effects to radio communication if the
operator shouts into the microphone?

A. Shouting into the microphone is poor practice, because while it
probably will not injure the microphone, it may very well overdrive some
specch amplifier or cause overmodulation. Either of these effects may
cause severe distortion of the speech and possible interference with adja-
cent channels.

Q. 2.12. Is it a good practice to shield the microphone with the
hands when speaking into a microphone in a noisy location?

A. Yes. This shiclds the microphone from outside noises and makes
communication easier and more intelligible.
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Q. 2.13. In radiotelephone communications why should the operator
use well-known words and phrases and simple language as much as
possible?

A. The operator should use simple language and well-known words
and phrases to insure accurate, efficient communications and to eliminate
repetition as much as possible.

Q. 2.14. What is the operator’s responsibility upon hearing the word
“security” repeated three times? (Art. 37-43)

A. All stations hearing the safety signal must continue listening on
the frequency on which the safety signal has been sent until the message
so announced has been completed; they must also keep silence on all
frequencies likely to interfere with the message.

Q. 2.15. What must the operator do if he is told that he is inter-
fering with a distress call?

A. He must cease all transmissions immediately.

D. No station having been notified to cease operation shall resume opera-
tion on frequency or frequencies which may cause interference until notified
by the station issuing the original notice that the station involved will not
interfere with distress traffic as it is then being routed or until the receipt of
a general notice that the need for handling distress traffic no longer exists.

Q. 2.16. What is the significance of the word “over” when trans-
mitted at the end of a radiotelephone communication?

A. “Over” means, “My transmission is ended and I expect a response
from you.”

Q. 2.17. What is indicated by the word “out” when transmitted at
the end of a radiotelephone communication?

A. The word “out” means, “This conversation is ended and no re-
sponse is expected.”

Q. 2.18. Can a radio operator always consider his radiotelephone
conversation completely confidential and not heard by other persons?

A. No. Radio waves go in many directions and for long distances.
They may be intercepted by any number of unauthorized persons.
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Q. 2.19. In calling a station by radiotelephony how many times does
the calling station generally repeat the call sign or name of the calling
station in each calling transmission?

A. The calling station generally repeats its own call sign three times.

Q. 2.20. Would you listen on a shared channel before transmitting?
Why?

A. Yes.

D. The operator should always listen before calling to insure that he
will not interfere with communications already in progress,

Q. 221. Under normal conditions would a transmission on a calling
frequency be proper if the receiver for that frequency was inoperative?

A. No. The acknowledgment is generally made on the same calling
frequency on which the calling station is transmitting. However, if the
communication is important, the calling station could request an ac-
knowledgment on another frequency, for example a normal working fre-
quency. Alternatively, a different calling frequency might be employed.

Q. 2.22. What is the difference between calling and working fre-
quencies?

A. A clling frequency is one to which all stations generally listen,
for example 500 kilocycles. A working frequency is an assigned fre-
quency other than a calling frequency on which the main body of the
communication would take place after the initial calling,

Q. 2.23. Why is it important to clearly give the station call sign?

A. Station identification should always be made clearly and distinctly
to avoid unnecessary repetition and to assist monitoring stations in iden-

tifying calls.

Q. 224. Should a test of the radiotelephone equipment be made
each day?

H

A, Yes.

D. This may reveal faults that mught otherwise cause delays in normal
communications.
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Q. 2.25. Should messages bearing upon safety, including weather
information, be given priority over business messages? (Art. 38)

A. Yes.
D. See Question 1.33.

Q. 2.26. If a station is required by law to listen on a calling and
distress frequency, when may the listening be ‘discontinued?

A. Listening may be discontinued when the station is engaged in
calling, transmitting to or communicating with other stations.

D. Stations licensed for other than continuous hours of service shall not
discontinue operation before having finished all operations called for by a
distress call.

Q. 2.27. Why should a radiotelephone transmitter be kept off the air
when voice transmissions are not in progress?

A. To prevent interference with other stations using the channel.

D. Even if an unmodulated carrier is transmitted, it may cause heterodyn-
ing interference with other station carriers, making communication very
difficult.

Q. 2.28. Why is it beneficial for the transmitter of a radio station
to be in constant readiness for making a call?

A. To reduce delays in answering a call due to warm-up time and
possible tuning, which may be required.

D. A state of constant readiness is generally accomplished by maintaining
all filaments lit, but removing B+ voltages from one or more stages to
prevent transmission of a carrier wave.

Q. 2.29. If a station is required to maintain effective listening on
a distress frequency, why is it desirable for the equipment to return
automatically to reception on the distress frequency immediately after
completing use of the equipment on another frequency?

A. In order that the maximum amount of listening time may be
effective on the distress frequency.

Q. 2.30. Why is rapid frequency change of the transmitter and
receiver desirable?
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A. To reduce any loss of communications time to a minimum.

Q. 2.31. What would you do as radiotelephone operator if you were
told that your voice was distorting?

A. Speak more softly and/or further away from the microphone.

D. If your voice was still distorting, this probably would indicate defective
equipment or improper adjustment of the equipment.

Q. 2.32. What is the correct form for transmitting a distress call
by radiotelephone?

A. See Question 2.08.

Q. 2.33. Under what conditions may a radiotelephone station cmploy
a calling frequency as contrasted to a working frequency?

A. A calling frequency may be used for the following:

(1) Initial calling. (Calling any one station shall not exceed one
minute in duration.)

(2) Acknowledging calls received on this frequency.

(3) Exchanging operating signals with other stations, to establish
communication on another frequency.

(4) Exchanging “distress” and “safety” communications.

Q. 2.34. In calling a station by radiotelephony should the calling
station repeat the call sign or name of the called station in each calling
transmission more than three times?

A. No.

D. The calling station generally repeats the call sign of the called station
three times.

Q. 235. Why should stations using a shared frequency leave an
interval between calls?

A. In order to give the other stations on the shared frequency an
opportunity to carry on communications.

Q. 2.36. Under what conditions may it be desirable to repeat impor-
tant words by radiotelephony?
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A. Under unfavorable transmission conditions, or when such words
may be difficult to pronounce or interpret. This procedure may prevent
the necessity of later repeating the entire message or parts of the mes-
sage.

Q. 2.37. What is the operator’s responsibility upon hearing a dis-
tress call in the mobile services?

A. Stations of the mobile service which receive a distress message
from a mobile station which is unquestionably in their vicinity, must
acknowledge receipt thereof at once. If the distress call has not been
preceded by an auto-alarm signal, these stations may transmit this auto-
alarm signal with the authorization of the authority responsible for
the station, taking care not to interfere with the transmission of the
acknowledgment of the receipt of said message by other stations.

Q. 2.38. Is it good practice to listen on the working frequency to
be later used before making an initial call on the calling frequency?
A. Yes.

D. This will prevent breaking in on a communication already in progress
on the working frequency, as well as unnecessary use of the calling frequency.

Q. 2.39. Why is it important to avoid unnecessary calls by radio-
communication?

A. To prevent interference with important communications.

D. The FCC has authority to suspend the license of a radio operator who
makes unnecessary calls by radio communication.

Q. 2.40. State why station identification should be clearly made by

a radio transmitting station.

A, See Question 2.23.

Q. 2.41. When routine radio communications are unreliable due to
static or fading, should the operator continue transmitting or wait for
more favorable conditions?

A. The opurator should wait for more favorable conditions to aveid
interference to other stations not affected by these adverse conditions.
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Q. 242, What is the order of priority for radiotelephone communica-
tions?

A. The order of priority shall be as follows:

(1) Distress calls, distress messages, and distress traffic.

(2) Communications preceded by an urgent signal.

(3) Communications preceded by a safety signal.

(4) Communications relative to radio direction-finding bearings.

(5) Government radiotelegrams for which priority right has not
been waived,

(6) All other communications.
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SPECIAL

Q. 2.01S. In making a ship-to-ship contact, except in an emergency
involving safety, how long may a ship radiotelephone station continue
calling in each instance?

A. Calling any one station shall not exceed 30 seconds in duration.

Q. 2.02S. Except in an emergency involving safety, if a ship radio-
telephone station does not reccive a reply after calling, how long must
it wait before calling again?

A, At least one minute.

Q. 2.03S. What types of communications may be transmitted by ship
stations on the ship-to-ship frequencies between 2000 and 3000 kilo-
cycles?

A. Distress, safety, or urgent messages; initial calls and answers;
and normal radio traffic on working frequencies.

Q. 2.04S. In regions of heavy traffic how long may the ship-to-ship
radiotelephone frequencies between 2000 and 3000 kilocycles be used
for any one exchange of communications (other than distress and emer-
gency communications) ?

A. Any one exchange shall not exceed 5 minutes in duration.

Q. 2.05S. Hew is a ship radiotelephone station required to be iden-
tified in connection with its operation?

A. All radiotelephone emission of a ship station or a marine-utility
station on board a ship shall be clearly identified by transmission there-
from in the English language of the official call sign assigned to that
station. by the Commission; provided that, in lieu of identification of
the station by voice, the official call sign may be clearly transmitted by
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tone-modulated telegraphy in the International Morse Code either by a
duly licensed radiotelegraph operator or by means of an automatic
device approved for this purpose by the Commission. This identifica-
tion shall be made:

(1) At the beginning and upon completion of each communication
with any other station;

(2) At the beginning and upon conclusion of each transmission
made for any other purpose; and

(3) At intervals not exceeding 15 minutes whenever transmission is
sustained for a period exceeding 15 minutes.

D. When an official call sign is not assigned by the Commission to a
ship station using telephony, the complete name of the ship on which the
station is located and the name of the licensee shall be transmitted by voice
in the English language for the purpose of station identification.

Q. 2.06S. Do public coast stations normally charge for forwarding
messages reporting dangers to navigation?

A. No charge is normally made for this service.

Q. 2.07S. How does the licensed operator of a ship radiotelephone
station exhibit his authority to operate the station? (R & R 13.6)

A. When a licensed operator is required for the operation of a
station, the original license of each such operator while he is employed
or designated as radio operator of the station shall be posted in a
conspicuous place at the principal location on board ship at which the
station is operated. The foregoing requirement shall not apply in the
case of stations of a portable nature, including marine-utility stations,
upon the express condition that the licensed radio operator engaged in
operating the station shall have on his person either his required
operator license or a duly issued verification card (FCC Form 758-F)
attesting to the existence of that license.

Q. 2.08S. If a radiotelephone installation provided on beard ship
for safety purposes, in accordance with treaty, becomes defective what
action must the licensed operator take?

A. The master of the ship must be promptly notified.

D. A record shall be made in the log showing the operating condition of
the equipment as determined by either normal communication or test com-
munication, and showing that, if an improper operating condition was found,
the master was properly notified thereof.
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Q. 2.09S. Who signs the radio log of a ship radiotelephone station
certifying to entries made therein?

A. Normally, the licensed operator in charge of the watch. How-
ever, other duly designated individuals may do so if authorized by the
master of the ship and if operating on a channel above 30 megacycles.

D. Each log shall be kept by the person or persons competent to do so,
having actual knowledge of the facts required, who shall sign the log when
starting duty and again when going off duty. The logs shall be made
available upon request by an authorized representative of the Commission.

Q. 2.10S. What are the requirements with respect to listening watch
in a ship radiotelephone station during its hours of service in the
2000-3000 kilocycle band? (R & R 8.223)

A. The ship radiotelephone station shall maintain, during its hours
of service, an “efficient” watch for the reception of A-3 emission (teleph-
ony) on the frequency 2182 kilocycles (calling and distress).

D. The term “efficient watch” is construed to mean that the ship station
shall be capable of normally receiving A-3 emission on 2182 kilocycles from
other ship stations while it is transmitting on any other authorized frequency
or frequencies.

Q. 2.11S. Who may operate the radiotelephone set aboard a vessel?
(R & R 13.61)

A. This is normally operated by a properly licensed operator. How-
ever, for operation above 30 megacycles, the station may be operated
by an unlicensed person under the supervision and authority of the
master of the ship.

Q. 2.12S. Is it necessary for all vessels having knowledge of distress
traffic to follow the traffic even if they do not take part in it?

A. Yes.

D. All stations in the maritime mobile service which hear a distress signal
or message must cease immediately any transmission capable of interfering
with the distress signal or message and shall listen on the frequency used
for the distress signal and message.

Q. 2.13S. What is the proper form to use in acknowledging a dis-
tress message?
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A. Receipt of a distress message shall be acknowledged in the
following manner:

(1) In radiotelegraphy: call sign of the ship in distress (three times),
the word DE, call sign of the station acknowledging receipt (three
times), the group RRR, the distress signal, and the signal AR.

(2) In radiotelephony: identification of the ship in distress (three
times), the words THIS IS, identification of the station acknowledging
receipt (three times), the word ROGER and the words MAYDAY
OUT.

Q. 2.14S. What information is required to be sent following ac-
knowledgment of a distress message?

A. Every mobile station which acknowledges receipt of a distress
signal or message must, on the order of the master or person respon-
sible for the ship, aircraft or other vehicle carrying the mobile station,
transmit in message form, as soon as possible, the following informa-
tion in the order shown:

(1) Its name;

(2) Its position;

(3) The course and speed at which it is proceeding towards the
vessel, aircraft, or other unit in distress; and

(4) Estimated time of arrival at the scene of distress.

D. Before transmitting this message, the station must insure that it will

not interfere with the transmissions of other stations which are better situated
to render immediate assistance to the vessel, aircraft, or other unit in distress.

Q. 2.15S. Is it necessary that the authority of the master or person
responsible for the vessel be obtained prior to sending information re-
quired following acknowledgment of a distress call?

A. Yes.

Q. 2.16S. Is it desirable that care be taken to insure that an ac
knowledgment to a distress message will not interfere with other ac-
knowledgments from vessels better able to assist? (Art. 37-19)

A. Yes. (See discussion of Question 2.14S.)

Q. 2.17S. Is a vessel which hears a distress message but is not in a
position to assist required to take all possible steps to attract the atten-
tion of stations which might be in a position to assist?

A. Yes.

R
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Q. 2.18S. Is it necessary to make a trial of the ship radiotelephivae
installation every day?

A. Yes. This must be done to insure that the installation is operat-
ing normally.

D. Each calendar day that a vessel is navigated, unless the normal use
of the radiotelephone installation demonstrates that the equipment is in
proper operating condition for an emergency, a test communication for this
purpose shall be made by a properly qualified person. Should the equipment
be found by some person other than the master not to be in proper operating
condition for an emergency, the master shall be promptly notified thereof.

Q. 2.19S. How can the radiotelephone installation be tested each
day?

A. This can be done by transmitting the official call sign of the
testing station followed by the word “test” on the radio channel being
used for the test.

D. (1) If, as a result of the announcement, any station transmits by
voice the word “wait,” testing shall be suspended. When, after an appro-
priate interval of time, such announcement is repeated and no response is
observed, and careful listening indicates that harmful interference should
not be caused, the operator shall procced as set forth in subparagraph (2)
below;

(2) The operator shall announce the word ‘“‘testing” followed in the
case of a voice transmission test by the count “l, 2, 3, 4, etc.” or by test
phrases or sentences not in conflict with normal operating signals; or fol-
lowed, in the case of other emission, by appropriate test signals not in conflict
with normal operating signals. The test signals in either case shall have a
duration not exceeding ten seconds. At the conclusion of the test, there shall
be voice announcement of the official call sign of the testing station, the name
of the ship on which the station is located, and the general location of the
ship at the time the test is being made. This test transmission shall not be
repeated until a period of at least one minute has elapsed; on the frequency
2182 kilocycles or 156.8 megacycles in a region of heavy traffic, a period ot
at least five minutes shall elapse before the test transmission is repeated.

(3) When testing is conducted on any frequency assignment within the
band 2170 kilocycles to 2194 kilocycles, within the band 156.75 megacycles
to 156.85 megacycles, within the band 480 kilocycles to 510 kilocycles (lifeboat
transmitters only), or within the band 8362 kilocycles to 8366 kilocyeles
" (lifeboat transmitters only), no test transmissions shall occur which are likely
to actuate any automatic alarm receiver within range. Lifeboat stations
using radiotelephony shall not be tested on the assigned frequency 500 kilo-
cycles during the 500 kilocycle silent periods.
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Q. 2.20S. If the radiotelephone ship installation is normally used
during the day, is it necessary to make any special test communication
for the purpose of trying the radio?

A. No. Normal use will determine the condition of the radio-
telephone ship installation.

D. See Question 2.18S.

Q- 2.21S. How would you contact another vessel prior to actually
communicating with it for routine communication purposes?

A. The vessel would be contacted by calling it on a calling frequency
such as 2182 kilocycles, or 156.8 megacycles. After initial contact, routine
communications would be made on a working frequency.

Q. 2.225. What radio channel is used for communicating with the
U.S. Coast Guard?

A. On radiotelegraphy, the U.S. Coast Guard may be contacted on
500 kilocycles. On radiotelephony, the contact may be made on 2182
kilocycles.

D. For distress or emergency only, the frequency of 2670 kilocycles radio
telephony may be used.

Q. 2.23S. What procedure would you use in contacting the US.
Coast Guard?

A. If the call is to any U.S. Coast Guard station, you may contact
the Coast Guard on 500 kilocycles by employing the calling sign “NCU.”

D. If a particular Coast Guard station is being called, the frequency of 500
kilocycles may be used. In this case, the correct call sign of the Coast Guard
station will be used.

Q. 2.24S. Is it permissible to use 2182 kilocycles for establishing
contact prior to communicating on an appropriate public correspondence

channel? :

A. Yes. 2182 kilocycles is the international general radiotelephone
calling frequency for the maritime mobile service.

Q. 2.25S. What procedure would you use in contacting a coast sta-
tion on 2182 kilocycles and what would you say over the air?
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A. A typical call would be as follows: “Call sign or geographical
location (as approved by FCC) of the coast station” repeated three times;
followed by “this is KABC, KABC, KABC, over.”

Q. 2.26S. Is it permissible to communicate with coast stations or
any other station on 2182 kilocycles except for safety purposes?

A. Yes. (See Question 2.24S.)

Q. 2.27S. Give a typical procedure you nught use to call a vessel
when its identity is not known.

A. It is assumed that the vessel is either in sight, or that its approxi-
mate geographical location is known by the calling station.

In this case, the procedure would be: “CQ, CQ, CQ; location and/or
description of vessel; OVER (or K).”

D. The vessel would be called on a calling frequency such as 500 kilo-
cycles or 2182 kilocycles, since all vessels normally monitor calling frequencies.

Q. 2.28S. What daily attention should be given to the antenna tower
lights at a radio station?

A. The licensee shall make a daily check of the tower lights not
later than 1 hour after local sunset, cither visually or by means of an
automatic indicator to insure that all such lights are functioning properly
as required.

D. The licensee shall inspect at intervals of at least once each three months
all flashing or rotating beacons and automatic lighting control devices to
insure that such apparatus is functioning properly as required.

Q. 2.29S. What should be done in case of failure of the antenna
tower lights at a radio station?

A. The Airways Communication Station (CAA) should be notified
immediately, by telephone or telegraph, of any failure not corrected
within thirty miautes.

D. Upon resumption of the required illumination, a similar step should
be vaken. The failure must be entered into the station log with all pertinent
details,
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Q. 2.30S. Bow should station identification be made at a coast sta-
tion using radiotelephony?

A. The name (geographical location as approved by the Commis-
sion), or official call sign assigned by the Commission of a coastal harbor
station shall be announced upon the completion of each communication
with any other station and at the conclusion of each transmission made
for any other purpose.

Q. 2.31S. If a licensed radio operator at the controls of a radio
station observes obscene language being spoken by another person and
transmitted through the facilities of the station, what action should he
take?

A. He should take steps to conclude the transmission and enter the
details in the station log. The incident should be reported to the FCC.

Q. 2.32S. If a coast station hears a distress call from a mobile station
what action, if any, should the operator on duty take?

A. If a coastal station has heard a distress call or distress message for
which acknowledgment of receipt has not been given promptly, and the
coastal station itself is not in a position to render assistance, the coastal
station subject to the authority of the licensee or his representative shall
make every effort possible to attract the attention of any station in the
maritime mobile service which appears to be in a position to render
assistance, and for this purpose transmission of the distress call and
distress message may be repeated on 500 kilocycles and on such other
frequencies as may be deemed necessary. The coastal station, if au-
thorized by the station licensee or representative thereof, may transmit
for this purpose the international automatic-alarm signal on the fre-
quency 500 kilocycles (using A-2 emission) prior to repetition of the
distress call and message. In the event the alarm signal is transmitted,
a sufficient period of time to allow operators warned by the alarm signal

to go on watch shall be observed after transmission of the alarm signal -

and before retransmission of the distress message.

Q- 2.33S. Under what circumstances should a public coast station
employing radiotelephony use a calling frequency in establishing a com-
munication circuit with a ship or aircraft?
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A. For distress signals and traffic; urgency signals and very urgent
messages; safety signals and occasional important safcty'm;smgcs; nor-
mal calls, replies and brief operating signals; brief test signals; brief
announcements specifying the nature of a particular communication of
general interest to mobile stations of the maritime mobile service.

Q. 2.34S. What type of radio telephone communications must be
handled free by a public coast station which normally charges for its

service?

A. Distress messages and replies; the transmission of information
concerning dangers to navigation such as dangerous ice, a dangerous
derelict or a tropical storm.

Q. 2.35S. When calling a mobile radiotelephone station but receiv-
ing no immediate reply, how often may a coast station using radio-
telephony repeat the call?

A. If the called station has not answered at the end of a one-minute

period, that station shall not again be called until at least 3 minutes
have elapsed.

Q. 2.36S. What is meant by “safety communication” in the mari-
time mobile service?

A. “Safety communications” are construed to mean the transmission
or reception of distress, alarm, urgent or safety signals, or any com-
munication preceded by one of these signals, or any form of radio-
communication which if delayed in transmission or reception, may
adversely affect the safety of life or property; and occasional test trans-
mission or reception for determining whether or not the radio equip-
ment is in good working order for purposes of safety.

Q. 2.37S. What are the requirements with respect to log-keeping
at a coast station using radiotclephony?
A. Public coast stations using telephony shall maintain an accurate

radiotelephone log during their hours of service.

Q. 2.38S. Under what conditions may a coast station intervene in a
distress situation?
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A. See Question 2.32S.

Q. 2.395. To what extent may a coast station using radiotelephony
communicate with stations other than ship stations?

A. It may communicate with any loud station for the purpose of
facilitating the transmission or reception of safety communication to or
from a ship or aircraft station. Also, with maritime fixed stations when
a frequency assignment below 4,000 kilocycles are used, upon the ex-
press condition that neither harmful interference nor intolerable delay
is caused to communication with mobile stations.

Q- 2.40S. What is indicated by the use of the word “break” in a
radiotelephone conversation?

A. The word “break” indicates a separation between portions of a
message.

Q. 2.41S. What is indicated by the use of the word “Roger” as a
reply to a radiotelephone communication?

A. The transmission of the word “Roger” means, “I have received
all of your last transmission.”

Q. 2.42S. What is indicated by the expression “words twice” when
transmitted by radiotelephone?

A. (1) As a request: “Communication is difficult. Please send
every phrase twice.”

(2) As information: “Since communication is difficult every phrase
in this message will be sent twice.”

Q. 2.43S. What is indicated by the use of the words “read back”
in a radiotelephone communication?

A. “Repeat all of this message back to me exactly as received after
I have given OVER.”

Q. 2.445. For what purpose is the frequency 1215 megacycles au-
thorized to be used by an aircraft radio station? (R & R 9.312)
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A. This frequency is a universal simplex channel for emergency and
distress communications, It will provide a means of calling and work-
ing between the various services in connection with search and rescue
operations, an emergency means for direction finding purposes, and a
means for establishing air-to-ground contact with lost aircraft. This
frequency will not be assigned to aircraft unless there are also assigned
and available for use other frequencies to accommodate the normal com-
munication needs of the aircraft.

Q. 245S. What is the national calling and working frequency for
air carrier aircraft? (R & R 9.312)

A. 31175 kiloeycles.

Q. 2.46S. In licu of using a call sign, how may a private aircraft
telephone station be identified in the course of operation?

A. (1) Air carrier aircraft: In lieu of radio station call letters, the
official aircraft registration number, or company flight identification
may be used, provided, adequate records are maintained by the air
carrier to permit ready identification of individual aircraft.

(2) Private aircraft: In lieu of radio station call letters, only the
official aircraft registration number may be used.

D. When use is made of the aircraft registration number, the full number
must be given upon initial call of each continuous series of communications.
In other communications in each series, the last three characters may be used,
provided, the practice is first inaugurated by the ground station operator.

Q. 2.47S. What types of communications or messages is an aircraft
radiotelephone station authorized to transmit?

A. Communications by an aircraft station in the aeronautical radio-
communication service shall be limited to the necessities of safe aircraft
operation. Normally contacts with airdrome control stations shall not
be attempted unless the aircraft is within the area served by the station.

Q. 2.48S. When must an aircraft radio station and maintenance
records be made available for inspection? (R & R 9.192)

A. All classes of stations in the aeronautical service and the main-
tenance records of said stations shall be made available for inspection
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upon request of an authorized representative of the Commission made
to the licensee or to his representative,

Q. 2.49S. How is the communication range of an aircraft radio

station on a very high frequency dependent upon the altitude of the
aircraft?

A. Radio waves in the vhf region (30 to 300 megacycles) are mainly
“line of sight” transmission waves. The higher the altitude of the
aircraft the greater the “line of sight” distance and therefore, the
greater the communication range.,

Q. 250S. Why should an aircraft station avoid making unneces-
sary on-the-air tests?

A. To prevent interference with normal communications by other
stations.

Q. 251S. What is the normal calling procedure of a private air-
craft for contacting a control tower?

A. A typical call is as follows: “Teterboro Tower, this is Taylor-
craft N26530; over.”

Q. 2.525. How should an air carrier aircraft radiotelephone station
normally be identified in operation in lieu of using the call sign?

A. See Question 2.46S.

Q. 2535. What is meant by a phonetic alphabet in radiotelephone
communication?

A. A phonetic alphabet is one in which each letter is associated with
a particular word. For example: A—Able, B—Baker, C—Charlie, D—
Dog, etc.

D. A phonetic alphabet is used in radiotelephone communication to
insure that certain letters or words are clearly understandable to the receiving
station.

Q. 2.545. What radio channel or channels are used by ships for com-
municating by radiotelephone with the U.S. Coast Guard?
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A. See Question 2.228S.

Q. 2.55S. Is it general practice for a ship to use 2182 kilocycles for
establishing contact prior to communicating with a coast station on an
appropriate public correspondence channel?

A. While it is permissible to use 2182 kilocycles to establish contact,
in general, such calls and replies shall be made on a ship-shore radio
channel authorized primarily for working. (See also Q. 2.24S.)

Q. 2.56S. How often should station identification be made at a base
or land radiotelephone station? (R & R 10.152)

A. Station identification should be made at the end of each trans-
mission or exchange of transmissions, or once each 30 minutes of the
operating period, as the licensee may prefer.

Q. 2.57S. What entries must be made in the logs or records of radio
stations required to have antenna tower lights?

A. Recording of tower light inspections in the station record. The
licensee of any radio station which has an antenna structure requiring
illumination shall make the following entries in the station record.

(a) The time the tower lights are turned on and off each day if
manually controlled;

(b) The time the daily check of proper operation of the tower lights
was made, if automatic alarm system is not provided;

(c) In the event of any observed or otherwise known failure of a
tower light;

(1) Nature of such failure.

(2) Date and time the failure was observed, or otherwise noted.

(3) Date, time and nature of the adjustments, repairs, or replace-
ments were made.

(4) Identification of Airways Communication Station (Civil Aero-
nautics Administration) notified of the failure of any code or rotat-
ing beacon light or tower light not corrected within 30 minutes, and
the date and time such notice was given.

(5) Date and time notice was given to the Airways Communica-
tion Station (Civil Aeronautics Administration) that the required
illumination was resumed.

(d) Upon completion of the periodic inspection required at least
once each three months:
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(1) The date of the inspection and the condition of all tower
lights and associated tower lighting control devices, indicators and
alarm systems.

(2) Any adjustments, replacements, or repairs made to insure
compliance with the lighting requirements and the date such adjust-
ments, replacements, or repairs were made.

Q. 2.588. What attention should be given periodically to the antenna
tower lights and associated apparatus at a radio station?

A. See Question 2.28S.

Q. 2.59S. What precautions should be taken when a radio station is
left unattended in a public place?

A. Adequate precautions shall be taken to insure that unauthorized
transmissions will not occur from the radio station. Such precautions
may consist simply of locking up the equipment, or of temporarily dis-
abling it by removing such crystals, tubes or other components to render
the transmitter inoperative.
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ELEMENT III

BASIC RADIOTELEPHONE

Question 3.01. By what other expression may a “difference of poten-
tial” be described?
Answer. Common expressions are: voltage, eiectromotive force, IR

drop, voltage drop.
Discussion. Terms such as “voltage,” and “clectromotive force” usually

apply to a source of electrical energy. For example, the terms “gencrator
voltage or emf,” and“battery voltage or emf,” are in common use. On the
other hand, the terms, “IR drop,” and “voltage drop” usually apply to a
circuit or portion of a circuit, to which the voltage is applied. The dis-
tinction is not strict, however.

Q. 3.02. By what other expression may an “electric current flow” be
described?

A. Electron flow or electron drift may be used, or the term amperage
is sometimes used.

D. The term “current flow” is not particularly definite as to the
direction of the flow or to the polarity of the charges in motion. So
called “conventional current” assumes positive charges to be in motion
and the direction externally of the generator is from + to —. On the
other hand, the terms “electron flow” or “clectron drift” are quite
definite. In this case the moving particles are negative charges and the
direction external of the generator is from — to . “Electron flow”
is applied most correctly in such cases as vacuum tubes, while the
term “electron drift” would more aptly describe the motion of electrons
in a solid conductor.

Q. 3.03. Which factors determine the amplitude of the emf induced
in a conductor which is cutting magnetic lines of force?

A. There are four basic factors as follows:

1. The flux density, or magnetic strength.

2. The rate or velocity at which the conductor cuts through the
magnetic lines of force.

3. The length of the conductor, or if a coil is used, both the number
of turns and the length of the coil are important.

4. The angle at which the conductor or coil is cutting through the
magnetic lines of force. Maximum emf is induced if the conductor is
moving in a direction perpendicular to the lines of force.

31
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D. The formula to determine the emf induced in a conductor is
NBly
E=2"27
108 volts

where: E equals the induced voltage
N equals the number of turns
B equals the flux density
! equals the length of conductor
v equal the velocity of cutting.
It is seen that E is déirectly proportional to all above factors.

Q. 3.04. Name four methods by which an electrical potential may
be generated.

A. Six basic methods are:

(1) Varying of a magnetic field through a circuit

(2) Mechanical separation of electrostatic charges

(3) Chemical Action

(4) Thermal Action

(5) Photo-electric Action

(6) Piezo-electric Action

D. (1) The field through a circuit may be varied electrically (as in
the case of a transformer primary with an alternating current) or me-
chanically (as in a generator, where armature coils and a constant field
have motion relative to each other).

(2) Charges may be transferred from one material to another by
contact or friction; if the bodies involved are insulators, so that the
charge does not leak off, a potential difference will appear as the bodies
are separated. The voltage that appears when combing dry hair, when
removing a coat, or when sliding the feet across a rug, are examples.
Opposite charges may also be put on two bodies by induction, and a
potential difference will appear, increasing as the bodies are separated.
Certain kinds of apparatus, rarely seen except in academic laboratories,
are designed to do this.

(3) In the chemical cell, such as the ordinary dry cell or storage
battery, the properties of the substances involved tend to move charges
to the clectrodes, thereby establishing a voltage.

(4) If two conductors of different materials are joined at the ends
to form a closed loop, and the junctions kept at different temperatures,
a current will flow. If the circuit is broken at some point, a small vol-
tage will appear across the ends, proportional to the temperature dif-
ference of the junctions, and highly dependent on the selection of
materials. Such an arrangement is called a thermocouple.

(5) Under appropriate conditions, some substances will emit elec-
trons when illuminated. These may be collected by another electrode,
and a potential difference be established.

(6) Certain crystals, when subjected to mechanical strains, will de-
velop opposite charges on opposite faces, resulting in a potential dif-

ference.
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Q. 3.05. If the diameter of a conductor of given length is doubled,
how will the resistance be affected?

A. The resistance will become one quarter of the original value.

D. The resistance of a conductor varies inversely with the cross
sectional arca of the conductor. Thus any increase in the area will
decrease the resistance. However, the area varies as the square of the
diameter. If the diameter is doubled the area will be increased by four
times. Since the area is four times greater, then the resistance is now
four times less, or equal to one quarter of the original value.

Q. 3.06. If the value of a resistance, to which a constant emf is ap-
plied, is halved, what will be the resultant proportional power dissipa-
tion?

A. The resultant power dissipation will be doubled.

D. This can be best explained with the aid of a simple example.
Assume a constant emf of 10 volts and an original resistance of 10
ohms. (The power dissipation is I*R.) The current is now 1 ampere and
the power dissipation 10 watts. Cutting the resistance in half to 5 ohms,
we now have a current of 2 amperes and a power dissipation of 20
watts.

The expression I2R is equivalent to E%/R, (since I = ER). If the
povlvlcr is F2/R, and E is held constant, the power varies inversely
with R.

Q. 3.07. What method of connection should be used to obtain the
maximum no-load output voltage from a group of similar cells in a
storage battery?

A. The cells should be connected in series.

D. This must be true since in series connection the voltages will be
additive.

Q. 3.08. What is the sum of all voltage drops around a simple direct-
current series circuit, including the source?

A. The sum will be zero.

D. Refer to the figure. Starting at R, there is a drop of 100 volts,
giving —100 volts at the junction of R; and Ry. A similar drop through
Rg and R, gives —200 volts and —300 volts for the junctions of R,

R, Rp R3

? _—VVV‘——*F———vww vVWA
Fig. 3.08. Voltage [T |00 V1100 V—=t+—1I00V.

drops in a serses
circuit.

BATTERY

T |l
300vV.
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and Ry and R, and the battery, respectively. A rise of 4300 volts
through the battery gives a total of 0 volts. '

Q. 3.09. What method of connection should be used to obtain the
.maximum short circuit current from a group of similar cells in a storage
battery?

A. The cells should be connected in parallel.

D. In the case of a short circuit (zero ohms resistance) the current
is limited only by the resistance of the cells themselves. If each cell has
resistance R, and voltage E, for a series connection of three cells, the
short circuit current will be I, — 3E/3R = E/R. For a parallel con-
nection, each cell will deliver E/R amperes, and the total short circuit
current will be I, = 3 X E/R, or 3 X I,. If the external circuit does
not have zero resistance, the connection for maximum current will de-
pend on the relation of cell resistance and circuit resistance.

Q. 3.10. If the value of a resistance, across which a constant emf
is applied, is doubled, what will be the resultant proportional power
dissipation?

A. The resultant power dissipation will be one half.

D. Assume a constant emf of 10 volts and an original resistance of
10 ohms. The current %:;—8 = 1 ampere, and the power dissipa-
tion PR = 12 % 10 = 10 watts. By doubling the resistance to 20
ohms, the current is reduced to .5 ampere, and the new power dis-
sipation 'R = 52 X 20 = 5 watts.

Q. 3.11. Name four materials which are good insulators at radio
frequencies. Name four materials which are not good insulators at
radio frequencies, but which are satisfactory for use at commercial
power frequencies.

A. (a) Pyrex, Micalex, Isolantite, steatite, polyethylene

(b) Rubber, fiber, porcelain, slate.

D. The materials mentioned in (b) are in general not considered
to be efficient r-f insulators. This is due to the high dielectric loss
which appears as heat in the insulator. Such heat energy must of course
be taken from the source of r-f power and is a complete loss.

Q. 3.12. Explain the factors which influence the resistance of a con-
ductor.

A. There are four main factors:

1. Cross sectional area.

2. Length,

3. Material.

4. Temperature.
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D. (1) The effect of cross sectional area has already been discussed
in Question 3.05. (2) Resistance of a conductor varies in direct pro-
portion to the length of the conductor. For example, doubling the
length also doubles the resistance. (3) The resistivity of a material is
determined by its atomic structure; some materials have more free
clectrons than others. The ones with the greater number of free elec-
trons will have less resistance. (4) The resistance of most substances
is affected by temperature. Most metals have a positive temperature
coefficient; that is, an increase of temperatures will cause an increased
resistance. Most non-metals, carbon, for example, have lower resistance
at higher temperatures; some ceramic substances which are good in-
su(lia{lors at ordinary temperatures become fairly good conductors at a
red-heat.

Q. 3.13. What effect does the cross-section area of a conductor have
upon its resistance per unit length?

A. The resistance of a conductor varies inversely with the cross sec-
tional area.

D. If the cross sectional arca of a conductor is doubled this also
doubles the available number of free clectrons for a given length, and
thus twice as much current will flow for the same applicd emf. It is
apparent that the effective resistance is thereby cut in half. Likewise,
l;alvi;g the area will double the resistance. (See Questions 3.05 and

2.

Q. 3.14. Name four conducting materials in the order of their con-
ductivity.

A. Silver, copper, gold, aluminum, zinc and platinum.

D. The conductivity of a material is defined as the ratio of current
per unit cross-section (amperes per square centimeter) to the emf per
unit length which produces the current. It is the reciprocal of resistiv-
ity. Experimental work has shown that silver has the highest conduc-
tivity of any substance; that is, if the same voltage is applied to two
conductors having identical dimensions, one of silver and the other of
any other substance, more current would flow in the silver one.

Q. 3.15. What cffect does a change in the diclectric constant of a
condenser diclectric material have upon the capacitance of a condenser?

A. The capacity varies directly with the dielectric constant.

D. All diclectric materials are compared to a vacuum which has a
dielectric constant of 1. For practical purposes, the diclectric constant
of air is also 1, the actual value being less than 0.06%, greater. There-
fore, if a certain capacitor has a capacity of 001 pf with air dielectric,
and mica, with a dielectric constant of 7, is then placed in the capaci-
tor, so as to replace the air completely, its capacity will increase by 7
times and become .007 pf. Any increase in the dielectric constant will
increase the capacity in direct proportion. For a condenser which is
made up of 2 parallel plates, the capacitance may be calculated from

the formula, C = .0885 X -Eg- where C is in micro-microfarads, K
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is the dielectric constant, § is the area of one plate in square centi-
meters, and ¢ is the distance between plates in centimeters. From the
formula and the explanations, it is seen that the answer to the ques-
tion is, in substance, a definition of dielectric constant.

Q. 3.16. Explain the effect of increasing the number of plates, upon
the capacitance of a condenser.

A. The capacitance will be increased.

D. The capacitance of a condenser is proportional to the effective
surface area of its plates. Since increasing the number of plates increases
the effective surface area, the capacitance is increased.

Q. 3.17. If the specific inductive capacity of a condenser dielectric
material between the condenser plates were changed from 1 to 2, what
would be the resultant change in capacitance?

A. The capacitance of the condenser would be equal to twice its
original value.

D. Specific inductive capacity is simply another name for dielectric
constant. This term is no longer in very general use. (See Question

3.15.)

Q. 3.18. State the formula for determining (1) the quantity or charge
of a condenser. (2) The energy stored in a condenser.

A. (1) Q = CE
(2) W = YCR

D. (1) Q denotes coulombs. This unit, not often seen in practice, is
a measure of quantity, or charge of electricity. One ampere is a current
of one coulomb per second. A coulomb is the electric charge of 6.28
X108 electrons.

C denotes capacity in farads. This quantity, equal to 1,000,000 micro-
farads, is defined as that capacity which will have a potential of one
volt, for one coulomb stored in it. Formula (1) is actually a_working
definition of capacity, where E is the applied voltage.

(2) In the second formula, the energy, W, is expressed in joules.
This unit is also rarely found in practice; it is defined as the energy
expended in passing one coulomb through one ohm resistance. If one
coulomb per second passes through one ohm, this fact can be stated by
saving that one ampere passes through one ohm, which is one watt
(I*R), or by saying that one joule per second is the power (power
equals energy-units per second). This shows that one watt equals one
joule per second. It follows that one watt-hour equals 3600 joules.
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The formula could also be written W = % QE; this shows, as might
be expected, that the energy is proportional to the quantity of charge,
and to the pressure, or voltage, at which it is stored.

See Question 3.234.

Q. 3.19. Neglecting temperature coefficient of resistance and using
the same guage of wire and the same applied voltage in each case,
what would be the effect, upon the field strength of a single layer sol-
enoid, of a small increase in the number of turns?

A. There will be a decrease in field strength, if the coil length is
increased; if the spacing is reduced to keep the length constant, the
field strength will be unchanged.

D. The formula for the field intensity of a solenoid is

H = .41rlNl

where H = ficld strength in oersteds.

N = number of turns.

I = current.

] = length of solenoid.

Let us first assume the following original conditions.

1) Wire dia. = % cm.

2) Voltage = 40 v.

3) Number of turns = 40.

4) Resistance = 1 ohm per turn.

The total original resistance will be then 40 ohms, and the original
current will be 1 ampere. The original total length will be } X 40 or

5 ¢cm. Thus H = '4"X;0X1

The original field strength is therefore 10 ocrsteds.

Now let us add an additional 2 turns of wire. The number of turns
is now 42; the total resistance is 42 ohms and the current is now
40 volts

= 10 oersteds.

o ohms — 952 amp.
The new length is 525 cm., therefore H =—4—12<;22;i52= 9.52
oersteds.

A reduction in field strength of 10 — 9.52 = 0.48 oersteds has taken
place. If the turns were added without affecting the length, the field
strength would have remained constant.

Q. 3.20. How may a magnetic compass be affected when placed
within a coil carrying an electric current?

A. The compass needle will tend to become parallel with the axis
of the coil and will point to the north pole end of the coil.

D. The north geographical pole of the earth is actually a magnetic
south pole. Therefore, the needle of a compass which points towards
the north geographical pole is a nmorth magnetic pole. The magnetic
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Fig. 3.20. The manner in which a magnetic compass is affected when
placed within a coil carrying an electric current.

lines of force within the coil are parallel to the axis of the coil. The
compass needle being a bar magnet itself will become aligned with
the magnetic lines of force and will point to the north pole of the coil.
If the compass were held outside of the coil the needle would point to
the south pole of the coil.

Q. 3.21. Which factors influence the direction of magnetic lines of
force generated by an clectromagnet?

A. There are two main factors involved:

1. The direction of electron flow through the coil.

2. The manner of winding the turns.

D. A simple rule for determining the direction of lines of force of a
coil is as follows. With the left hand, grasp the coil so that the fingers
curl around the turns in the same direction as electrons are moving
through these turns. The thumb of the left hand will then point to the
north pole of the magnetic field, or the direction of lines of force within
the coil. Outside the coil, the lines return to the south pole to form a
closed loop.

Q. 3.22. Define the term “permeability.”

A. The permeability of a substance is the ratio of magnetic flux
density in that substance to the field strength which produces it.

D. Permeability is a property of a material which is somewhat ana-
logous magnetically to conductivity in an electric circuit. If a magnetic
field of strength H exists in a certain space, and the space is then filled
with a permeable material, the new field intensity will be B = pH,
where g is the permeability of the material.

Q. 3.23. What unit is used in expressing the alternating current im-

pedance of a circuit?
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A. The a< impedance is expressed in ohms.

D. Impedance of any circuit, either a< or d-, is expressed as a ratio.

Thus Z = ilz— , where Z is the impedance in ohms, E is the applied

emf in volts, and I is the resultant current in amperes.

Q. 3.24. What is the unit of resistance?
A. Resistance is expressed in ohms.

‘D. Resistance is the factor of proportionality between voltage and
current, in a d- circuit, giving Ohm’s Law: E = IR. In an a- circuit,
the “in-phase” component of current must be used, and the resistance is
the quantity which determines the power lost or dissipated.

Q. 3.25. Explain the meaning of the prefix “micro-micro.”
A. The prefix means one-millionth of a millionth or 10712,

Q. 3.26. What is the unit of capacitance?

A. The farad.

D. One farad is the capacity which will store one coulomb (6.28
X 1018 electrons) of electricity when one volt appears across it. The
farad is too large a unit for practical use, and the microfarad (= one
millionth of a farad) is commonly used. See Question 3.18.

Q. 3.27. What single instrument may be used to measure Electrical
resistance? Electrical power? Electrical current? Electromotive force?
A. (a) An ohmmeter.
(b) A wattmeter.
(¢) An ammeter.
(d) A voltmeter.

Q. 3.28. Define the term “residual magnetism.”

A. “Residual magnetism” is the magnetic strength which remains
in a substance after the original magnetizing force has been removed.

D. The ability of a metal, particularly iron and steel, to have re-
sidual magnetism is referred to as its “retentivity.” Soft iron has a low
degree of retentivity since the residual magnetic force is relatively weak.
On the other hand certain hard steels have a very high degree of reten-
tivity, and relatively strong residual fields.

Q. 3.29. What is the unit of clectrical power?
A. The watt or “joule per second.”
D. (See also Question 3.234.) The watt is the amount of energy

dissipated due to a current of one ampere through a resistance of one
ohm.
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Q. 3.30. What is the unit of conductance?
A. The mho.

D. It will be noted that the term mbo is simply obm spelled in
reverse. See Question 3.36 for definition.

Q. 3.31. What is the unit inductance?

A. The henry.

D. A henry is defined as the amount of inductance across which
one volt of counteremf will be developed if the current through it is
changing at the rate of one ampere per second. A millihenry equals
one-thousandth of a henry and a microhenry equals a millionth of a
henry.

Q. 3.32. What is the meaning of the prefix “kilo”?

A. The prefix “kilo” means to multiply by one thousand times
whatever quantity follows. For instance “Kilocycle” means “one thou-
sand cycles;” “Kilowatt” means “one thousand watts.” (See Questions
333 and 3.35.)

Q. 3.33. What is the meaning of the prefix “micro”?

A. The prefix micro means to take one millionth of whatever quan-
tity follows. Thus microampere means one millionth of an ampere, and
microfarad means one millionth of a farad. (See Questions 3.32 and
3.35.)

Q. 3.34. What is the meaning of “power factor”?

A. Power factor is the factor by which the product of volts by am-
peres must be multiplied to obtain the true power.

D. 1If a circuit is purely resistive, or the voltage is direct, its actual
power consumption may be found by the formula P = EXI. This is
also the apparent power of a circuit, since E and I would be measured
by a voltmeter and ammeter respectively. However, a pure reactance
consumes 720 power, so that if a circuit contains both resistance and
reactance, E being alternating, the product of EXI (apparent power)
is not the actual power being consumed. This is so because there is
now a phase angle introduced between the voltage and current in the
resistance. In order to find the “true” power, the apparent power
(EXI) must be corrected by a factor which takes into account the ef-
fect of the phase angle. To find the true power of a circuit multiply the
apparent power (EXI) by the cosine of the phase angle, which equals

—IZ{—-. Thus true power equals EXIX —IZS-. For example, a circuit may

have one ampere flowing through an inductance and a 3 ohm resist-
ance. If it is d.c., the voltage is 3 volts, the power is 3 watts. If the in-
ductance is such that 5 volts, a<, is required to give one ampere, the
power is still 3 watts (= I2R), but the volt-ampere product is 1X5=5.

The power factor to give 3 watts is therefore ’53 =0.6.
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The power factor is equal to—g—-, where Z is the a< impedance, in

this case 5 ohms =_5v£_ . R = -l = 0.6, as before.
1 ampere zZ 5
Since the phase-angle, A, between the current and voltage is such
that cos A = 0.6, A is about 53°.

True power is measured directly with a wattmeter, which automa-
tically takes the phase-angle into account. (See Question 6.47.)

Q. 3.35. What is the meaning of the prefix “meg.”?
A. The prefix “meg” or “mega” means to multiply by 1,000,000

times whatever quantity follows. Thus megohm means 1,000,000 ohms
and megacycle means 1,000,000 cycles. (See Questions 3.32 and 3.33)
Q. 3.36. Define the term “conductance.”

A. Conductance is the ratio of current through a conductor to the
voltage which produces it. (In a reactive a< circuit, it is the ratio of
“in-phase” current to the applied voltage.)

D. Conductance of a circuit or component is numerically equal to
1/R, where R is its resistance in ohms. The unit of conductance is the
“mho,” and the usual symbol is G. Conductance is a measure of the
case with which a circuit is able to pass current. See Question 3.14.
Conductance is a property of a given circuit and must be distin-
guished from conductivity, which is a property of material.

Q. 3.37. What instrument is used to measure current flow?

A. An ammeter is used.

D. An ammeter usually consists of a rotatable coil mounted between
the poles of a permanent magnet. The current to be measured passes
through the coil and produces an opposing flux which causes the coil
to rotate. The amount of rotation is proportional to the magnitude of
the current. A needle attached to the coil indicated values of current
on a calibrated scale. In radio work, milliammeters and microammeters
are more commonly used. These measure thousandths and millionths
of amperes respectively

Q. 3.38. Define the term “decibel.”

A. Basically, the decibel is a unit used to express the ratio between
two sound power levels, or two electrical power levels.

D. The formula for calculating decibels when the ratio of two

powers is compared is N = 10 logso 7’;3 Here P, is always the larger
1

power, and N is the ratio in db.

If an attenuation is indicated the answer will be in —db. If amplifi-
cation is indicated the answer will be +db. Ex.: Find the number
of db corresponding to a power ratio of 200:2.
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Solution: N = 10 loglo%z 10 logloggg_—_ 10 logye 100 = 10X2
1

= 20db.
Db may also be used in expressing the ratio between two voltages
or two currents as follows:

N=2 log10%= 20 loglo;—z, provided that the values of E and I
1 1

are_measured at points of equal impedance.

The following will be found useful in treating db problems of power.

L. An increase of 1 db (+) is an increase of power of 25%.

2. A decrease of 1db (—) is a decrease of power of 20%,.

3. An increase of 3db (+) doubles the power.

4. A decrease of 3db (—) cuts the power in half.

To apply the above to voltage or current, merely double the num-
ber of db involved.

The decibel is often used as a value of power. For this application,
it must express a ratio to some level taken as a standard reference level.
Several levels have been used as reference, but two are now commonly
accepted.

The standard telephone company reference is, 0 db = 6 milliwatts,
or 1.732 volts in 500 ohms. The standard broadcast studio reference
of Volume Units (V.U.) is, 0 V.U. = 1 milliwatt, or 0.775 volts in
600 ohms. V.U. is figured on the same basis as db; that is, it is based
upon a logarithmic scale, but, using a highly damped meter, represents
an average value.

Q. 3.39. What is meant by “ampere turns”?

A. “Ampere turns” is the product of the number of turns and the
current in amperes used to describe the relative magnitude of the mag-
netomotive force in a magnetic circuit.

D. The magnetomotive force, or mmf, (corresponding to emf in
electric circuit) is proportional to the magnitude of the current, 1, and
to the number of turns, N, in the coil. The mmf remains the same for
coils of the same physical size regardless of the current value, if the
product of IXN remains constant. Thus F = IXN. There are 1.257
gilberts per ampere turn. (A gilbert is the magnetic force between two
points 1 cm apart in a unit magnetic field.)

Q. 3.40. Define the term “inductance.”

A. Inductance is the property of a conductor or coil which causes
a voltage to be developed across its terminals when the number of
magnetic lines of force in the circuit or coil is changed. Inductance is
also the property which tends to resist a change of current.

D. When the current is increasing, the increasing magnetic field
induces a voltage in the conductor, opposed to the applied emf, which
tends to decrease the current. When the current decreases, the opposite
effect occurs. The unit of inductance is the henry, defined in Question
331. The induced emf, which opposes the applied emf is called the
counter-electromotive force (cemf).

Q. 3.41. Define the term “coulomb.”
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A. A coulomb is the charge of electricity which passes a given point
in one second when a current of one ampere is flowing.

D. Seé Questions 3.18 and 3.26.

Q. 3.41 State the three ordinary mathematical forms of Ohm’s law.

A. THe three common forms are: i”;Ek@I X.‘R, @)1 =%—, 3)
E
1

'~ W

R =

D. One volt is the potential difference which will exist across a
resistancejof one ohm when the current is one ampere.

One ampere is the amount of current (6.28 X108 electrons per sec-
ond) which will flow if a potential difference of one volt appears
across a resistance of one ohm.

One ohm is the amount of resistance in a circuit which will limit
the current to one ampere if the applied potential is one volt.

Q. 3.43. If a vacuum tube having a filament rated at 14 ampere
and 5 volts is to be operated from a 6-volt battery, what is the value
of the necessary series resistor?

A. The series resistor should be four ohms.
D. Thc tube rating is 5 volts and the emf of the battery is 6 volts.
Thcrcupon there must be a one volt drop for 0.25 amp. in the resistor.

E 1
R — —I- _.—23 =4 Ohms.
Q. 3.44. If the voltage applied to a circuit is doubled and the re-
sistance of the circuit is increased to three times its former value, what

will be the final current value?

A. The final cuirent will be 24 of the original current.
D. Assume that the original voltage = 10 volts, and the original
10 ohms

10 volts
The voltage is now doubled to 20 volts and the resistance is tripled to

resistance = 10 ohms. The original current = = 1 ampere.

30 ohms. The new current is——— 20 = 324 amperes.
Q. 3.45. What should be thc minimum power dissipation rating of
a resistor of 20,000 ohms to be connected across a potential of 500 volts?

»
A. The minimum rating should be 25 watts, allowing for a good
safety factor.
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B2 5000

D. The actual power dissipation would be P =F= = 125

20,000
watts. The nearest higher commercial value would be 15 watts. How-
ever to allow for a reasonable safety factor it would be good practice to
double the theoretical value and actually use a 25 watt resistor.

Q. 3.46. If resistors of 5, 3, and 15 ohms are connected ig parallel,
what is the total resistance?

A. The total resistance is 1.66 ohms.

D. Using the conventional formula for parallel resistors we have:

1
1 1 1
_1_3—1+_1_2—2+E+m'

R total =

. Substituting values,

Ry = . The least common denominator is 15.

L
15

1

1 1

St +
1

1 15
i:iI=E=T = 1.66 ohms.
15 15 I 15
Q. 3.47. What is the maximum rated current carrying capacity of
a resistor marked “5,000 ohms, 200 watts”?

A. Maximum current carrying capacity is 200 milliamperes (.2 am-
pere).

D. Since W = IR, then [ = 4 / %

Substituting: I = 3000 — 0.2 ampere.

The normal current should be about 409 less than this value to ensure
a safety factor.

Q. 3.48. A milliammeter with a full-scale deflection of 1 milliam-
pere and having a resistance of 25 ohms was used to measure an un-
known current by shunting the meter with a 4-ohm resistor. It then
read 0.4 milliampere. What was the unknown current value?

A. The unknown current was 2.9 milliamperes.

D. A basic formula to use in these problems is

Raln =R,l, where
R,, = resistance of the meter

Ry =

I, = current flowing in the meter
R, = resistance of the shunt
I, = current in the shunt.
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This is because Rplm is the voltage across the meter (E = IR) and
R,I, is the voltage across the shunt. The two voltages must be the same
because the two are connected.

The meter drop is Rulm = 25X0.0004 = 0.01 volt.
0.01

Then R,I, = 0.01; I,— 5 = 0.0025 amp.

Both together take 0.0025 amp. + 0.0004 amp. = 2.9 milliamperes, the

total current.

Q. 3.49. What will be the heat dissipation, in watts, of a resistor
of 20 ohms having a current of 14 ampere passing through it?

A. The heat dissipation will be 1.25 watts.

D. Using the power formula W = I*R and substituting W =
252 X 20 = .0625 X 20 = 1.25 watts. *

Q. 3.50. If two 10-watt, 500-ohm resistors are connected in parallel,
what are the power dissipation capabilities of the combination?

A. Power dissipation capabilities will be 20 watts.

D. Regardless of whether the resistors are in series or parallel, the
power dissipation capabilities of two resistors will always be equal to
the sum of their individual power dissipation capabilities, provided that
the resistors are of equal resistance and wattage rating.

Q. 351. What is the formula used to determine the total capaci-
tance of three or more capacitors connected in series?

1
A Com =77 1
g5 = b bt oooc
Cy Ce Cs

D. Capacitors in series are figured the same as resistors in parallel.
Capacitors in parallel are simply additive, as are resistors in series.

In a series circuit, the same current flows for the same time in all
parts. Therefore, each condenser has the samie charge, and this value is
also the charge in the combination. The voltages are:

1 C E, o Eg o etc. The voltage on the combination,
since it is in series connection, is Ey+Es+Eg ... ... or
Q Q [¢) 1 1 1
Er==+=+>=%....= —_—t——t— .. ...
=atata Q(C1+192+C3 )
_ 9 1 _ 1 1 1
but Ep = o thcrcforccr_a+-c—2+a+ ..... , and
1
Cr =
1 1 1
ro +-C—.2- +—C—3. o0
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Q. 3.52. If condensers of 1, 3, and 5 microfarads are connected in
parallel, what is the total capacitance?
A. The total capacitance equals 9 microfarads.

D. When condensers are in parallel, each condenser has the same
applied voltage as the combination. The charge in the combination is
equal to the sum of the charges on the condensers. The combination
is equivalent to one condenser which would hold the total of the charges
at the applied voltage; such a condenser would have a capacity equal to
the sum of the individual capacities.

Cs =C, + Cs + Cz +etc.

Q. 3.53. If condensers of 5, 3, and 7 microfarads are connected in
series, what is the total capacitance?
A. C totat = 1.479 microfarads.

D. The formula for condensers in series is:
1 1
1

Cr = —
1 1 1 1 1
o + o + T 3 + —§-+ -
The lease common denominator is 3X5X7 = 105.
1 1 105

“=F um sTAT
105 105 105 105

= 1.479 microfarads

Q. 3.54. The charge in a condenser is stored in what portion of the
condenser?

A. The “charge” is stored upon the inner surfaces of the condenser
plates.

D. This question might be misinterpreted as reading: “the emergy
in a condenser is stored in what portion of the condenser?” The con-
ventional answer here is usually given as “in the dielectric” or “on the
surface of the dielectric.” However, these answers are not sufficiently
general to cover all cases. A vacuum capacitor has no dielectric yet func-
tions perfectly. It would be more accurate to say that the energy in a
condenser is stored in the form of an electrostatic field which exists in
the space between the plates.

Q. 3.55. Having available a number of condensers rated at 400 volts
and 2 microfarads each, how many of these condensers would be nec-
essary to obtain a combination rated at 1,600 volts 1.5 microfarads?

A. 12 condensers would be needed.

D. First obtain the necessary voltage rating by putting condensers
in series. This requires 4 series condensers ratd at 400 volts each to ob-
tain a 1600 volt rating. However, the capacitance of this series group is
now only .5 uf. Thus it is necessary to add two more banks of 4 series
condensers making 3 banks of 4 series condensers each, or 12 con-
densers.
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Q. 3.56. The voltage drop across an individual condenser of a group
of condensers connected in series across a source of potential is propor-
tional to what factors?

A. When the group is connected to an a< source of potential, the
voltage drop will be proportional to two factors.

1. Inversely proportional to the ratio of the capacitance of the con-
denser being considered, to the total capacitance of the combination.

2. Directly proportional to the applied voltage across the series com-
bination.

D. The general formula to find the voltage across any condenser of
a group of series condensers is:

Eor = EGX%—Z

where Cz is the condenser in question, E, is the total applied voltage

and CT =ﬁ, etc.
Ci1 C2 Cs

As an example assume 2 condensers in series of .1 (C1) and 2 (C2)
microfarad each, and an applied emf of 30 volts. The voltage across

—— . C: 2
Cr will be: E¢; = 30X—C1+C2 =30X 3= 20 volts.
The voltage across C will be:
_ Ci 355t
Ege = 30><C1 1 G 30 X 3= 10 volts.

NOTE: For d.., or where there is a d voltage component, leakage
will modify the theoretical voltage distribution to such an extent, that
the formula cannot be used for practical purposes. See Question 3.184.

Q. 3.57. What factors determine the charge stored in a condenser?

A. The factors are: (1) The capacitance of the condenser, (2) The
applied voltage.

D. See Question 3.18.

Q. 3.58. Given two identical mica condensers of 0.1 microfarad ca-
pacitance each. One of these is charged to a potential of 125 volts and
disconnected from the charging circuit. The charged condenser is then
connected in parallel with the uncharged condenser. What voltage will
appear across the two condensers connected in parallel?

A. 62.5 volus.

D. The original charge divides equally, as if the condenser value
were simply doubled once the charge was put into it.

Q = CE, therefore E =—%—

~ Now if the capacitance is doubled E =% which shows that the vol-
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tage is cut in half. In order to find the resultant voltage when one con-
denser is charged, then disconnected from the charging source and placed

in parallel with an uncharged condenser, use the formula: E, = Ccﬁ
17C2

XE, where E, is the resultant voltage of the parallel condensers, C; is
the condenser originally charged, C, is the condenser placed in parallel
with C; and E, is the original charging voltage.

Q. 3.59. What is the effect of adding an iron core to an air-core in-
ductance?

A. The inductance of the coil will be greatly increased.

D. When a coil has a core consisting of air, the inductance is rela-
tively small because the large value of reluctance of air makes it diffi-
cult to set up a strong flux density. However, if iron replaces air as the

core, the flux density will be greatly increased, since the reluctance of
iron is very much less than that of air. The greater the flux density the
larger will be the inductance of the coil. Reluctance in magnetic circuits
is analogous to resistance in electric circuits.

Q. 3.60. What will be the effect of a shorted turn in an inductance?
A. A shorted turn may have the following effects:

1. Decrease of inductance.

Increase of effective resistance.

Decrease the Q.

Overheating with possible burn-out.

5. Change of distributed capacity.

5 &0 5

D. When a turn becomes shorted upon itself, it becomes in effect a
transformer secondary with a very heavy load. The current induced into
the shorted turn sets up a magnetic field which opposes the original mag-
netic field of the coil. This reduces the total flux density and therefore,
the inductance. Due to the low resistance of the turn the current value
in it is relatively large. This creates large I?R losses with attendant heat-
ing effects. This same effect increases the effective resistance of the
coil, because anything which increases the losses causes the effective
resistance to increase.

XL
Reffectlve-

Q. 3.61. What is the relationship between the number of turns and
the inductance of a coil?

A. The inductance of a coil varies approximately as the square of
the number of turns.

As a result the Q will be lowered because Q —

D. If the coil consists of only one turn, then its magnetic field will
cut this turn, producing a certain counter-emf. However, if the coil con-
sists of 2 turns the flux about each turn cuts 2 turns, and the resultant
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counter-emf is 4 times greater. Therefore, the inductance must also be
4 times greater or vary as the sguare of the number of turns.

Actually, the inductance increases slightly less than proportionally to
the number of turns, as in a large many-turn coil, some lines “leak” out
and do not cut all the other turns.

Q. 3.62. Decfine the term “reluctance.” =

A. “Reluctance is the opposition to the creation of magnetic lines of
force in a magnetic circuit.”

D. Reluctance is the same in its relation to magnetic circuits as re-
sistance is to electric circuits. Magnetic flux is analogous to current, and
mmf is analogous to emf. Thus the greater the reluctance of a magnetic
circuit, the weaker will be the magnetic flux. The total reluctance of a
magnetic circuit is the sum of all the reluctances which are in series.
Thus for an iron core with air gap the reluctance is, R = ﬁ{ %

1
units where
R = the reluctance
= the length of iron in cm
p = permeability of iron
A = cross section area of iron in cm squared
Aj = cross section area of the air gap in cm squared
l; = length of air gap in cm.
Reluctance is the ratio of magnetomotive force to magnetic flux, as

—_—_M__ . It is the number by which the desired flux is
lines per sq.cm.

multiplied in order to compute the necessary mmf.
Q. 3.63. State the formula for determining the resonant frequency of
a circuit when the inductance and capacitance are known.

A. f=—l—_-__ where, f is in cycles, L is in henrys, C is in farads.
2=VILC
Also expressed as 1_59_
LC

D. The above formula will determine the series resonant frequency
of a circuit. That is the frequency at which X7, =X 2»fL—

1 f 1
42°LC° " 24/IC

It is-not necessarily correct for parallel resonance. However, if the Q
is reasonably high, say at least 10 or more, it may be used for parallel
resonance without appreciable error. Parallel resonance exists when the
line current is in phase with the applied voltage, that is when the circuit
is resistive. In the ordinary parallel resonant circuit this occurs when

1
2=fC: P =

R .
Xo=Xy+ —. There is another type of parallel resonance, which gives

maximum impedance (least current through the combination). For all
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ordinary resonant circuits with a coil Q greater than 10, the two cases
of parallel resonance both occur when X;=X,, within a very few per-
cent.

Q. 3.64. What is the formula for determining the power in a direct-
current circuit when the voltage and resistance are known?
E? .. - ..
A. P=—R; , where P is in watts, E is in volts, R is in ohms.
D. The formula states that the power in a d- circuit varies as the
square of the voltage, but varies inversely with the resistance.

Q. 3.65. What is the formula for determining the power in a direct-
current circuit when the current and resistance are known?

A. P = PR, where P is in watts, I is in amperes, R is in ohms.

D. This formula states that the power in a direct-current circuit is
directly proportional to the resistance, and proportional to the sguare of

2
the current. Other power formulas are: P =%—and P=EXI.

Q. 3.66. What is the formula for determining the power in a direct-
current circuit when the current and voltage are known?

A. P=EXI where P is in watts, E is in volts, I is in amperes.

D. This formula states that the power in a direct-current circuit is di-
rectly proportional to both the voltage and current of the circuit.

Q. 3.67. What is the formula for determining the wavelength when
the frequency, in kilocycles, is known?
A. Three common forms are
300,000,000 300,000 300

f (cycles) > = F (ke) >~ F (mc)

where A is the wavelength in meters, and f is in cycles, kilocycles,
or megacycles as indicated.

D. The term in the numerator 300,000,000 (meters per second) is
the velocity of radio waves in free space, and is also the velocity of light
in free space. See Questions 3.220 and 3.306.

Q. 3.68. State Ohm’s law for alternating current circuits.

A. The current varies directly with the emf and inversely with the

impedance. The basic formulas are: [ = %, E=I1Z,7Z = %, where

I is in amperes, E is in volts, Z is the impedance in ohms.

D. The terms E and I are simple quantities and are handled the same
as in Ohm’s law for d.c. However, Z may be a complex term; that is,
the circuit may have inductance and capacitance in addition to simple
resistance. The terms which make up Z must, therefore, be added vec-
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E
toriall Z = R+ (X—X.)2. Thus I =
orially or v 1—Xe us VR (X=X

In d.c, R is the ratio of voltage to current. In a.c., the voltage may be
greater because of reactance, either capacitive, inductive, or both. The
symbol for the ratio E/I in ac. is Z; it is likewise measured in ohms,
and is referred to as impedance rather than resistance.

Q. 3.69. Draw a simple schematic diagram showing a tuned-plate
tuned-grid oscillator with series-fed plate. Indicate polarity of supply
voltages.

Fig. 3.69. A tuned-
plate tuned-grid os-
H%

cillator with series-

fed plate.

o Ao

S u
L I
A. See the Eigurc.

D. Feedback is accomplished through the interelectrode capacitance
Cp. The output frequency is slightly lower than the resonant frequency
of either L;Cy or LyCy. LoCy is tuned slightly higher than L, C;. C), offers
a low impedance path for the r.f. to return to the cathode, by-passing
the power supply. Rg—C. is the bias network. Tetrodes or pentodes will
not be suitable except at very high frequencies because of the low values
of Cyy. (See Question 3.72 for this type oscillator, with shunt-fed plate.)

Q. 3.70. Draw a simple schematic diagram showing a Hartley triode
oscillator with shunat-fed plate. Indicate power-supply polarity.

A. See the figure.

D. To determine whether oscillator or amplifier is shunt or series
fed, merely trace the path of d-c plate current. If it passes through any
E)a:irt of a tuning inductance, the circuit is series fed. Otherwise it is shunt
€d.

(Compare figures for Questions 3.71 and 3.75). Feedback is accom-
plished by magnetic coupling between L, and Ly, and may be increased
by lowering the tap, or decreased by raising the tap. The “tank” cir-
cuit which mainly determines the resonant frequency, consists of Ci
across the enmtire inductance of L, + L,. Cp offers a low impedance
path for rf plate current to return to the cathode through L,;. The
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radio-frequency choke, RFC, prevents rf plate current from passing
through the power supply. R,-C, is the bias network. See Question

3.367.
Rg
[ [l 1 ﬂ"
T\ e RFC% Fig. 3.70. A Hart-
| +
‘;-—

ley oscillator with
shunt-fed plate.

L
(:1-‘7é BLb -

Ch=—=
LTj‘LO P b

Q. 3.71. Draw a simple schematic diagram showing a tuned-grid
Armstrong-type triode oscillator, with shunt-fed plate. Indicate power-

supply polarity.
A. See the figure.

L2

éJ

D. Feedback is accamplished by magnetic coupling between L and
L, and may be varied by changing the degree of coupling. The fre-
quency is determined mainly by L;Ci. Cp prevents short circuiting the
power supply and provides an easy path for r-f plate current to return
to the cathode. The radio-frequency choke, RFC, prevents r-f plate cur-
rent from entering the power supply; R,-C, is the bias network.

Q. 3.72. Draw a simple schematic diagram showing a tuned-plate
tuned-grid triode oscillator with shuntfed plate. Indicate polarity of
supply voltages.

A. See the figure.

Cop
Ry H}--

strong oscillator.

RFC Fig. 3.71. A tuned-grid Arm-
%
+
"

Fig. 3.72. A tuned-plate tuned-grid
rec  oscillator with shunt-fed plase.
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D. (See also Question 3.69.) C prevents short circuiting of the power
supply. The value of the inductance of the radio-frequency choke,
RFC, should be at least 10 times greater than the inductance of L, so
as not to change the frequency of LaC .

Q. 3.73. Draw a simple schematic diagram of a crystal-controlled
vaccuum-tube oscillator. Indicate power-supply polarity.

A. See the figure.

CQDCL_

Fig. 3.73. A crys- i o
tal-controlled vacu- —— ! RFC
um-tube oscillator. =— —:_éh = (25é %Lz
[ 2 ---...l
QUARTZ
PLATE j I i

D. This is a tuned-plate, tuned-grid oscillator with the crystal and its
holder replacing the original grid tank circuit. Feedback is accomp-
lished through C,p. The bias condenser here is Cy, the capacity of the
crystal holder, and the bias resistor is R,. The purpose of the r-f choke,
RFC, is to maintain a high impedance across the crystal and so main-
tain a high Q. (See also Questions 3.69 and 3.420.)

Q. 3.74. Draw a simple schematic diagram showing a Colpitts-type
triode oscillator, with shuntfed plate. Indicate power-supply polarity.

A. See the figure.

D. Feedback is accomplished by a capacitive voltage divider action
between C; and C,. To increase feedback, decrease the value of Cy in

Ce
RFC
Fig. 3.74. A Colpitts
oscillator with shunt- Rg (A=
fed plate. é‘.:z +
g 1"

|
0
ll}
|
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relation to C;. To decrease feedback increase C, in relation to Cy. R,
must be connected between grid and cathode otherwise the grid will
have no d< return to ground. C, is often eliminated, in which case Cs
will also serve the function of bias condenser. The frequency is deter-
mined mainly by L; in parallel with the series combination of Cp and
C1. In changing frequency, C2 and C; are moved simultaneously. C,
offers a low impedance path for r-f plate current through C; to the
cathode. The r-f choke, RFC, keeps r-f plate current out of the power
supply. See Question 3.367.

Q. 3.75. Draw a simple schematic diagram showing a tuned-grid

Armstrong-type triode oscillator, with series-fed plate. Indicate power-
supply polarity.

“E |
Fig. 3.75. A tuned-

C
Ly = grid Armstrong os-
e, ==Cp cillator with series-
A4 T & fed plate.
LOAD -

A. See the figure.

D. See Question 3.71, which is similar except that it is a shunt-fed
plate.

Q. 3.76. Draw a simple schematic diagram of an electron-coupled
oscillator, indicating power-supply polarities where necessary.
A. Sece the figure.

D. The oscillator proper is a seriesfed Hartley with the screen grid
acting as the plate of the oscillator. Coupling into the plate tank circuit
occurs by virtue of the electron stream variations caused by the swing
of the control grid, hence the name “electroncoupled.” The main ad-
vantage of this circuit arrangement is its excellent frequency stability.
Its features are: (1) Buffer action because oscillator tank is isolated
from the load; (2) Frequency multiplication may be obtained by tun-

LOAD
e Fig. 3.76. An elec-
74(_ tron-coupled oscil-
lator.
Cp==
"I

+ ¢ ©
Sq 2 SeLate
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ing LoCs to a harmonic oscillator frequency; (3) Frequency is substan-
tially independent of power supply variations; (4) Combination of os-
cillator and amplifier using only one tube.
Q. 3.77. Draw a simple schematic diagram of a pentode-type tube
used as a crystal-controlled oscillator, indicating power-supply polarities.
A. Sce the figure.

Fig. 3.77. A pen-
tode tube used as
a crystal-controlled | RFC
oscéllator. 2 =
h
QUArTz

LpPiate [

D. (Sec also Question 3.73.) A pentode or tetrode has a higher
power sensitivity and a much lower value of C,, than a triode. This
means that it is possible to reduce the amount of crystal voltage and
current for a given output power and consequently reduce crystal heat-
ing. The grid circait is also less affected by changes in load than when
a triode is used, due to the reduced C,,. However, C,, may be too
small to allow sufficient feedback especially at the lower frequencies,
and in this case a small capacitor in the order of 2 puf should be con-
nected between grid and plate.

Q. 3.78. Draw a simple schematic circuit showing a method of
coupling a high impedance loud-speaker to an audio-frequency ampli-
fier tube without flow of tube-plate current through the speaker wind-
ings, and without the use of a transformer.

A. See the figure.

— HIGH
IMPEDANCE
|SPEAKER

we 3]

dance loud-speaker to

a-f amplifier, 'NA

+

[a)
(-

o—
Fig. 3.78. Method of
coupling a high-impe-
uT L—%
T =
=

Q. 3.79. Draw a simple schematic diagram of a triode vacuum-tube
audio-frequency amplifier inductively coupled to a loud-speaker.
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A. See the figure.

jﬁ:d Fig. 3.79. An a-f

{ amplifier induc-
ETT L IMPEDANCE tively coupled to a
+ MATCHING loud-speaker.
TRANSFORMER
- Cp.

“ SPEAKER

Q. 3.80. Draw a simple schematic circuit showing a method of re
sistance coupling between two triode vacuum tubes in an audio-fre
quency amplifier.

M =
Cc
o 4 == Fig. 3.80. Resist-
: L ance coupling be-
— S _ tween two triode
INPUT ! : B+ éRg stages in an a-f
L- —

J

I

_ amplifier.
L

A. See the figure.

Q. 3.81. Draw a simple schematic diagram showing a method of
transformer coupling between two triode vacuum tubes in an audio-
frequency amplifier.

A. See the figure.

—

— Fig. 3.81. Transfor-
mer coupling be-

tween two triode
stages in an a-f am-

plifier.
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Q. 3.82. Draw a simple schematic diagram of a method of imped-
ance coupling between two vacuum tubes in an audio-frequency am-
plifier.

A. See the figure.

ance coupling be- —
tween two stages in \NPUT

. o—
Fig. 3.82. Imped- H
an a-f amplifier,
+
. L

Q. 3.83. Draw a simple schematic diagram showing a method of
coupling the radio-frequency output of the final power-amplifier stage
of a transmitter to an antenna.

A. See the figure.

¥

SERIES

INDUC TANCE
OR
CAPACITANCE
AS NEEDED |.

t.3

i

SERIES ‘
7 INDUCTANCE
= OR CAPACITANCE

AS NEEDED L

| L. B8+ 1 variaBLE

cIm £
3 L
Bt —;L (A) =

(8)

T
@ HeRTZ D)
£
L

3 F"'C&G«'TJ PEDANCE TRANS-

s MISSION LINE

cb—[ l i .
L e 2° ©

Fig. 3.83. Methods of coupling the r-f output of a transmitter to an
antenna,

(|
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Q. 3.84. Draw a simple schematic diagram showing a method of
coupling between two tetrode vacuum tubes in a tuned radio-frequen-
cy amplifier.

A. See the figure,

o -J:i:—é)

c- +5q +
Fig. 3.84. Coupling between two tetrode stages in a trf amplifier.

Q. 3.85. Draw a simple schematic diagram showing a method of
coupling between two triode vacuum tubes in a tuned-radio-frequency
amplifier, and a method of neutralizing to prevent oscillation.

A. Sec the figure.

D. See Question 3.307.

SN

1_ = T
I SE
8- o Bt oC~- _T_C-i- oB+

Fig. 3.85. Coupling between two triode stages in a trf amplifier, show-
ing a method of neutralization.

Q. 3.86. Draw a simple schematic diagram of a diode vacuum tube
connected for diode detection, and showing a method of coupling to
an audio amplifier.

A. See the figure.
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S

Fig. 3.86. A diode
detector.,

D. The diode load resistor consists of R; which in this case also
acts as the volume control. The time constant of R,C; is such that it
will respond to audio-frequency variations, but not radio-frequency
variations. For a discussion of diode detection see Question 3.133.

Q. 3.87. Draw a simple schematic diagram of a triode vacuum tube
connected for plate or power detection.

A. See the figure.
D. See Question 3.131.

Ce
-——||——A|38|0

AMPLIFIER

Fig. 3.87. A triode

tube commected for
; R
plate detection. £ HIGH . L
| BIAS

Bt -1_8-

Q. 3.88. Draw a simple schematic diagram of a triode vacuum tube
connected for grid-leak condenser detection.

A. See the figure.

D. See Question 3.128.

Fig. 3.88. A triode
tube connected for
grid-leak detection.

<L

Q. 3.89. Draw a simple schematic circuit of a regenerative detector,
A. See the figure.
D. See Question 3.267.
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4 =
: °T
Fig. 3.89. A regen-
erative detector.
37
B _ge-

Q. 3.90. Draw a simple schematic circuit of a radio-frequency doub-
ler stage, indicating any pertinent points which will distinguish this
circuit as that of a frequency doubler.

A. See the figure.
D. See Question 3.138.

TUNED TOF"

I
3E4
b= 1 Cb
2 c- - B+ ¢B-

= BIAS SHOULD BE -
ABOUT 10 TIMES
CUT-OFF

TUNED
[ro ¢

g Fig. 3.90. An r-f

doubler stage.

Q. 391. Draw a simple schematic diagram showing the method of
connecting three resistors of equal value so that the total resistance will
be two-thirds the resistance of one unit.

A. Sec the figure.

——M——AA— Fig. 3.91. Re-

sistor commec-
o— 4 lr_o tion to fulfill
A R g Stased require-

—AA— ments.

Q. 3.92. Draw a simple schematic diagram showing the method of
connecting three resistors of equal value so that the total resistance will
be 1Y times the resistance of one unit.
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A. See the figure.

R
Fig. 3.92. Resistor YW\
connection to ful- A Jf&v — B
fill stared requise-
ments. AAA
R

Q. 3.93. Draw a simple schematic diagram showing the mecthod
of connecting three resistors of equal value so that the total resistance
will be one-third of one unit.

A. See the figure.

q R
Fig. 3.93. Re- AR
sistor commec-
5 2 A
tion to fulfill I 8
stated require- R
ments. YAAA

Q. 3.94. Draw a simple schematic diagram showing the method of
connecting three resistors of equal value so that the total resistance will
be three times the resistance of one unit.

A. See the figure.

A R R R B
*~— N VWA VAN— e

Fig. 3.94. Resistor connection to fulfill stated
requirements.

Q. 3.95. Draw a diagram of a single-button carbon-microphone cir-
cuit, including the microphone transformer and source of power.

A. See the figure.
D. See Question 3.338.

MICROPHONE
TRANSFORMER

g TO AUDIO -
AMPLIFIER

q q S
Fig. 3.95. Single-  BUTTON
button micro- CARBON
phone connection. ~ MICROPHONE
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Q. 3.96. What is meant by a “soft™ vacuum tube?

A. A “soft” vacuum tube is one which ecither deliberately or acci-
dentally contains some amount of gas.
b/ g

D. During the manufacturing processes, many precautions are taken
to exclude the presence of air from tubes, even those which are de-
signed to contain gas after evacuation. The presence of such air or
other undesired gases will interfere with the normal action of the tube
due to ionization under the impact of the emitted electrons. Most gases
are driven off by heating the tube to a high degree during evacuation.
Any gases which remain are absorbed by the “getter,” usually consist-
ing of barium, “flashed” inside the tube after evacuation is complete.
Deliberate introduction of gas is then made if desired.

Q. 3.97. Describe the electrical characteristics of the pentode, tet-
rode, and triode.

1. The triode is a three-element amplifier tube, consisting of plate,
grid, and cathode. The magnitude of plate current which flows in the
tube is dependent upon both the grid bias and the plate supply voltage.
Triodes have in general less distortion than other types, but are capa-
ble of less plate efficiency and amplification. The interelectrode capaci-
tance is relatively high, making it necessary to neutralize r-f amplifiers,
even 3t low frequencies. (See Question 3.276 for explanation of its oper-
ation.

2. The tetrode has an additional screen grid. This grid is usually
operated at about % of plate supply voltage for voltage amplifiers, and
approximately equal to plate supply voltage for power amplifiers. The
screen grid has two important functions: first it greatly reduces the
grid to plate capacitance, thus making it unnecessary to neutralize r-f
amplifiers except at very high frequencies, and second, it makes the
plate current substantially independent of plate voltage. This factor
makes it possible to obtain much higher values of amplification .than
w.i(t’g triodes. The plate efficiency is about 10%, greater than with
triodes.

3. The pentode is a S-lement tube, the added element being the
suppressor grid. The suppressor grid is usually at cathode potential
making it extremely negative relative to the plate. The suppressor grid
further reduces interelectrode capacitance between control grid and
plate, and also makes possible greater power output and higher gain
than a tetrode tube. Primarily the suppressor grid acts to return sec-
ondary electrons to the plate rather than to permit them to be picked
up by the screen grid. Pentodes can be operated at higher r-f frequen-
cies without neutralization than tetrodes.
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Q. 3.98. What are the visible indications of a “soft” tube?

A. A glow from within the tube, often a purplish color, indicates a
“soft” tube.

D. If the tube was not originally designed to be a “soft” tube, other
indications would be: excessive plate current, erratic or non-operation,
and a possible red heat observable in the plate. In certain applications
the cathode or filament may be destroyed due to positive-ion bombard-
ment. Sometimes fluorescence occurs in the glass itself, also bluish or
purplish; this does not indicate a soft tube. (See also Question 3.96.)

Q. 3.99. Describe the physical structure of a triode vacuum tube.

A. A triode is a three-clement tube. It contains either a filament or
cathode structure, a grid, and a plate.

D. If the emitter is of the filament type, it is usually made of thor-
iated tungsten. This is formed by dissolving a small amount of thorium
oxide and carbon in a tungsten filament. The conventional cathode is
formed in two sections. The outer section consists of a hollow nickel
cylinder which is coated with thorium oxide. Within the cylinder is a
tungsten wire suitably insulated from the cylinder. This wire may be
heated by either a.c. or d.c. and in turn causes the cylinder to become
properly heated. The usable emission comes from the outer surface of
the cylinder. The grid which surrounds the cathode is usually made
of molybdenum wire which is spirally wound upon two vertical sup-
porting wires. The plate is usually made of nickel or iron pressed out of
sheet material and crimped or flanged to increase rigidity. It is usually
blackened to increase the heat radiation. Some large power tubes have
graphite plates which are superior under high temperature conditions.
Connections to all elements are usually made through a base at the

bottom of the tube.
Q. 3.100. Describe the physical structure of a tetrode vacuum tube.

A. A tetrode is similar in physical construction to a triode with the
addition of a spirally wound screen grid placed between the plate and
control grid. Connections to elements are usually made to a base at the
bottom, although in some high frequency tubes connections to grid
and plate are brought out through the sides and top.

D. See Questions 3.97 and 3.99.

Q. 3.101. Does a pentode vacuum tube usually require neutraliza-
tion when used as a radio-frequency amplifier?

A. Not generally.

D. Whether or not a pentode r-f amplifier may require neutraliza-
tion depends upon the operating frequencies involved. There are r-t
amplifiers operating in excess of 100 megacycles, using pentodes es-
pecially designed for these frequencies, and which do not require neu-
tralization. As a general statement, however, it may be said that or-
dinary pentodes do not require neutralization except when used at ultra
high frequencies. See Question 3.279,
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Q. 3.102. What is the meaning of “secondary emission”?

A. “Secondary emission” is the emission of electrons from a ma-
terial, due to the impact of high velocity electrons upon its surface.
The original electrons are called primary electrons.

D. If an electron is in an evacuated space containing a positively
charged material, the electron will be attracted with ever-increasing
velocity until it strikes the surface of the material. At the point of im-
pact, the moving electron will impart its kinetic energy to other elec-
trons and atoms within the material. If the impact is great enough, one
or more electrons within the material will be dislodged with enough
energy to be emitted from the surface. The number so emitted will
depend upon the velocity of the primary electron and upon the type
and temperature of the material. While secondary emission in an am-
plifier tube is usually detrimental, such is not always the case. For ex-
ample, the dynatron oscillator relies upon one effect of secondary emis-
sion, called “negative resistance,” for its feedback energy. Some struc-
tures are built to take advantage of this effect. For instance, in the
RCA “image orthicon” television camera tube, there is incorporated an
electron multiplier which deliberately produces secondary emission in
order to amplify the magnitude of the camera signal.

Q. 3.103. What is the meaning of “electron emission”?

A. When free electrons in a conductor acquire sufficient energy to
leave the conductor and pass into the surrounding space, the phenome-
non is called “electron emission.”

D. Under normal conditions there are certain forces existing at the
surface of materials which prevent the escape of free electrons. These
forces are referred to as the potential barrier. If sufficient energy is
supplied to the material the free electrons will acquire sufficient veloc-
ity to break through the potential barrier and be emitted into space.
This additional energy may be supplied to overcome the potential bar-
rier in the form of heat (ordinary filament), light (photo tube), high
velocity electrons (secondary emission), or by strong electric fields
(ionization of gases).

Q. 3.104. Describe the characteristics of a vacuum tube operating as
a class C amplifier.

A. The outstanding chraacteristics are:

1. High plate circuit efficiency, up to 85%,.

2. Large grid driving power.

3. Plate current exists for less than 180° of the grid excitation cycle,
usually for approximately 120°.

4. Grid bias on the average is about twice cut-off value.

5. Large power output in comparison to class A.

6. Great distortion of plate current waveshape.

D. In class C amplifiers the plate current is permitted to flow only
during the time that the instantaneous value of plate voltage is at or
near its minimum value. At all other times the tube is non-conducring,
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This permits a relatively small loss on the plate and high plate efficien-
cy. However, in order that the above conditions be met, a large value
of bias must be used, in some cases equal to 4 times cut-off value, but
usually about twice cut-off value. Since grid current must flow at some
time in each cycle, a relatively large value of grid driving power must
be available from a low impedance source. Appreciable r-f power is
consumed in the grid circuit. Although the plate current wave is a
pulse and rich in harmonics, the plate voltage waveshape will be sinu-
soidal since the plate load will in most cases be a tank circuit with a
reasonably high Q. An interesting feature is that the maximum positive
value of grid voltage (€, mas), is approximately equal to the minimum
value of the plate voltage (€ min). Class C amplifiers may not be used
in audio amplifiers due to the high distortion, but are commonly used
for r-f amplification in transmitters; they are often applied to special
circuits such as clippers and peakers. See Questions 3.106 and 3.107.
Q. 3.105. During what approximate portion of the excitation voltage
cycle does plate current flow when a tube is used as a class C amplifier?
A. In class C operation, plate current flows for less than 180° of
a cycle. On the average, plate current flows for about 120° when the

grid bias is about twice cut-off value.

D. See Questions 3.104 and 3.137.

Q. 3.106. Describe the characteristics of a vacuum tube operating as
a class A amplifier.

A. The outstanding characteristics are:

1. Low plate circuit efficiency, about 25%, on the average.

2. Practically no grid driving power.

3. Plate current flows for 360° of each cycle.

4. Grid bias is adjusted to be well up on the linear portion of the
tube characteristic.

5. Relatively low power output, compared to class C.

6. Practically no distortion of the output wave shape.

D. The most general use for a class A amplifier is as a voltage ampli-
fier, although single-ended power amplifiers which feed speakers must
also be class A. The average plate efficiency for triodes is about 20%,
while that of pentodes is about 30 to 35%. Unlike either class B or C,
the average plate current and voltage remain constant regardless of the
magnitude of the grid signal. The grid signal must be so confined that
it does not cause grid current in its positive swing, or cut off the tube
in its negative swing. The power amplification ratio is high since no

grid current is drawn.
Power delivered to plate load.

Power consumed in grid circuit.

See Questions 3.104 and 3.107.

Q. 3.107. Describe the characteristics of a vacuum tube operating a3
a class B amplifier.

Power amplification ratio =
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. The outstanding characteristics are:

Plate circuit efficiency, about 50 to 60%.

Used as linear r-f amplifiers in modulated stages.

Can be used for audio if push-pull circuit is used.

Grid current flows, so driver must supply power.

Plate current flows for slightly more than 180° of a cycle (pro-
jected cut-off).

6. Grid bias is set slightly above cut-off value.

7. Medium power output compared to class A and C.

D. Class B amplifiers are used in r-f circuits as buffer amplifiers,
and linear modulated r-f amplifiers. In audio systems, very large power
outputs may be obtained by using two class B tubes in push-pull. The
distortion, however, is greater than for class A. When used in modu-
lated r-f stages, the plate load must be a tank circuit in order to pre-
serve the symmetry of the input wave shape. The average plate current
and voltage varies with the magnitude of the grid signal, and the power
output varies as the square of the grid voltage. The shape of the plate

current pulse is about the same as the positive half of the grid signal.
See Questions 3.104 and 3.106.

Q. 3.108. During what portion of the excitation voltage cycle does
plate current flow when a tube is used as a class B amplifier?

A. In a class B amplifier, plate, plate current usually flows for
slightly more than 180° of a cycle.

D. See Question 3.107.

Q. 3.109. Does a properly operated class A audio amplifier produce
serious modification of the input waveform?

548 62 50 [0 D ES

A. No. The output wave form is substantially a true reproduction
of the input wave form, thus practically no distortion is present pro-
vided that the grid swing is kept relatively small.

D. See Question 3.106.

Q. 3.110. What is the meaning of the term “maximum plate dissi-
pation”?

A. Maximum plate dissipation is the maximum power that can be
safely and continuously dissipated in heat on the plate.

D. When the high velocity electrons in a tube strike the plate, they
transfer their energy to the plate in the form of heat. Each tube has a
certain safe dissipation rating which is specified by the manufacturer.
For prolonged life of the tube this rating should not be continuously
exceeded. The useful power output from a tube circuit is the difference
between the d< power input and the power dissipated in heat on the
plate. The output power may be several times greater than the dis-
sipation in class C operation.
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Q. 3.111. What is meant by a “blocked grid”?

A. This usually refers to a case where the grid is held at an exces-
sively negative value for some period of time, thereby cutting off plate
current. This effect is usually undesirable, but not always, as with a
blocking oscillator, or as in the case of blocked grid keying.

D. In undesired grid blocking there are two general possibilities.
The first is that the grid has lost its d return to the cathode. In this
case electrons collect quickly on the grid, charging it highly negative
and cutting off the tube for an indefinite period of time unless leakage
paths are present. In this case “motorboating” may occur in the form
of relaxation oscillations. The second possibility is that a class A ampli-
fier may be overdriven so as to draw considerable grid current. In this
case, if there is a long time constant (R X C product) in the grid cir-
cuit, a high value of grid bias is developed which may take some time
to leak off.

Q. 3.112. What is meant by the “load” on a vacuum tube?

A. The “load” on a vacuum tube commonly refers to the impedance
through which plate current flows in order to produce a useful output.
Properly, it denotes the power transferred into the external circuit.

D. The load may be either resistive or reactive, or an impedance
combining both resistance and reactance. The load may be wholly in
the plate circuit, which is most conventional. It may be wholly in the
cathode circuit as in a cathode follower, or it may be divided between
plate and cathode circuits as in some phase inverters. In any case the
original definition as given above will hold.

The term “load” is generally used as a slang expression for load im-
pedance and is so described above. Actually, the load is the power
transferred to the load impedance.

The load on a vacuum tube increases as the load impedance ap-
proaches the internal plate impedance in value.

Q. 3.113. What circuit and vacuum-tube factors influence the voltage
gain of a triode audio-frequency amplifier stage?

A. Assuming normal plate and grid voltages to be present, the gain
of a triode audio amplifier is a function of (1) tube transconductance,
(2) plate load impdeance, and (3) transformer step up ratio (if used).

D. While it is true that radical changes in plate supply voltage will
change the voltage gain to some extent, this factor is of minor impor-
tance in comparison to those mentioned above. For resistance coupled
amplifiers the gain is G = gm X Req, where gy is the transconduc-
tance, and R,, is the internal plate impedance, the plate load imped-
ance and the grid resistance of the following stage taken in parallel.
This formula only holds for mid-range frequencies, that is the flaz por-
tion of the frequency characteristic of the amplifier. For transformer
coupled amplifiers the gain with a triode and well designed transfor-

mer is G = u X N, where N is the turns ratio. Pentodes are not gen-
erally used with transformers, the usual exception being the output
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audio power amplifier. However, there is no question here of voltage
gain. The only consideration is one of impedance matching for max-
imum power transfer.

Q. 3.114. What is the purpose of a bias voltage on the grid of an
audio-frequency amplifier tube?

A. To determine the operating conditions of the tube.

D. There are two main factors involved:

(1) In voltage amplifiers the correct value of bias is essential for
undistorted (class A) output since the bias determines the operating
point of the tube on its dynamic characteristic curve, (I, vs. E,).

(2) In power amplifiers an additional element is involved. The bias
must be set so as to limit the plate current to a safe value, and so that
the rated plate dissipation of the tube will not be exceeded. The bias
also sets the operating conditions which determine whether the am-
plifier is class A, AB or B.

Q. 3.115. What is the primary purpose of a screen grid in a vacuum
tube?

A. The screen grid has two important functions; first it greatly re-
duces the grid to plate capacitance, thus making it unnecessary to neu-
tralize r-f amplifiers except at very high frequencies, and second, it
makes the plate current substantially independent of plate voltage. The
second function makes it possible to obtain much higher values of am-
plification than with triodes. The plate efficiency is about 109, greater
than with triodes.
~ D. See Question 3.101.

Q. 3.116. What is the primary purpose of a suppressor grid in a
multi-element vacuum tube?

A. The suppressor grid being highly negative with respect to the
plate returns secondary electrons to the plate and increases the permis-
sible gain and the efficiency of the tube.

D. See Question 3.97.

Q. 3.117. What is the meaning of the term “plate saturation”?

A. For any given filament or cathode temperature “plate satura-
tion” occurs when the plate current is equal to the electron emission.

D. Under normal operating conditions for an amplifier tube, the
cathode temperature and plate supply voltage are fixed. Saturation ef-
fects may occur when a further positive swing of the grid can no
longer produce an appreciable increase of plate current.

Q. 3.118. What is the most desirable factor in the choice of a vac-
uum tube to be used as a voltage amplifier?
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A. High value of transconductance.

D. As described in Question 3.113, the transconductance is one of
two vital factors affecting voltage gain. The other factor is the equiva-
lent load impedance. Another desirable factor is low input and output
tube capacitance for extended high frequency response. The above re-
quirements usually indicate the use of a pentode.

Q. 3.119. What is the principal advantage of a tetrode over a triode
as a radio-frequency amplifier?

A. The lack of necessity for neutralizing, except possibly at ultra
high-frequencies. -

D. See Questions 3.97, 3.101, and 3.120.

Q. 3.120. What is the principal advantage of the tetrode as com-
pared to the triode, when used in a radio receiver?

A. Neutralization is not required for the r-f and i-f amplifiers.

D. It should be pointed out that pentodes rather than tetrodes have
been used in radio receivers for a good many years. Pentodes, of course,
have even less necessity of neutralization than tetrodes. Another ad-
vantage of the tetrode, if used, is higher gain than can be obtained
with triodes. See also Questions 3.97 and 3.119.

Q. 3.121. What is the principal advantage in the use of a diode de-
tector instead of a grid-leak type triode detector?

A. A diode detector ordinarily produces lower over-all distortion of
the audio output wave than a triode detector.

D. A disadvantage of the diode detector is that it draws current
through the tuned input circuit, loading it down and causing broad
tuning. However, this effect may be greatly reduced by the use of a

_high value of diode load, resistance which also reduces distortion and
increases the output. The grid-leak detector also has this same disad-
vantage of broad tuning. The reason for the additional distortion in

_the grid-leak detector is due to the fact that the bias for the triode is

_correct only one value of input signal amplitude. See Question 3.130.

Q. 3.122. Draw a grid voltage-plate current characteristic curve of a
vacuum tube and indicate the operating points for class A, class B,
and class C amplifier operation.

A. See the figure.

D. Class A is usually near the center of the linear portion of the
curve.

Class B can be either at actual cut-off bias or as shown in the figure
at “projected cut-off” for linear operation.

Class C can be any valae greater than cut-off bias but is usually
“about 2 X cut-off.
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Fig. 3.122. Tube characteristic curve, with certain significans bias points.

Q. 3.123. What operating conditions determine that a tube is being
used as a power detector?

A. Bias about at cut-off, high input grid resistance, and plate cir-
cuit rectification.

D. (1) The grid bias is such that with no signal the plate current
is very low. (About .2 ma with no signal.)

(2) The input grid resistance is much higher than for a diode since
no grid current flows.

(3) Bias is usually obtained by a relatively large value of cathode re-
sistance and a cathode by-pass condenser.

(4) Distortion is greater than for a diode detector, especially for weak
signals.

Q. 3.124. Why is it desirable to use an alternating current filament
supply for vacuum tubes?

A. Mostly for practical reasons. Since an a<c supply is almost always
casily obtainable, it is a relatively simple matter to provide a step-down
transformer to obtain the correct value of filament voltage. D sup-
plies are usually bulky or in battery form.

D. There are disadvantages to using an a< filament supply, the
main one being the possibility of introducing hum into the amplifier
circuits even when an indirectly heated cathode is used.

Q. 3.125. Why is it advisable periodically to reverse the polarity of
the filament potential of high-power vacuum tubes when a direct-cur-
rent filament supply is used?

A. In order to lengthen the life of the filament.

D. When dc. is used to heat a filament, there will be a greater po-
tential difference existing between the positive side of the filament and

L J
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the grid than between the negative side of the filament and the grid.
This means that the effective bias is grater on the positive side of the
filament than on the negative side of the filament. Therefore, more
current will tend to be drawn from the negative side of the filament
due to the decreased bias on that side. Another factor is that the ef-
fective plate voltage is greater on the negative side of the filament. By
occasionally reversing the polarity, the use is disturbed more uniformly
over the active area of the filament.

Q. 3.126. Why is it important to maintain transmitting-tube fila-
ments at recommended voltages?

A. To realize the greatest life expectancy of the filament without
sacrifice of performance.

O. If the filament voltage is excessive, its useful life will be short-
ened. On the other hand if the filament voltage is too low, the emis-
sion will be reduced and the operation of the circuit in which the tube
is used may be adversely affected.

Q. 3.127. When an alternating-current filament supply is used, why
is a filament center tap usually provided for the vacuum-tube plate and
grid return circuits?

A. To prevent hum voltages from modulating the normal signal.

D. If the plate and grid returns were made to one side of the fila-
ment rather than the center, the filament voltage at the other side of
the filament would vary at the rate of the supply frequency. This is
cquivalent to having the bias change at the supply frequency (usually
60 cycles) and thus the plate signal is modulated at supply frequency
rate variations, which becomes b#m in the speaker.

On the other hand, if the plate and grid returns are connected to the
center tap, the voltage change on one side of the filament will be ef-
fectively cancelled out by an equal and opposite voltage change at the
other side of the filament. Thus the bias remains substantially constant,
and no hum will appear.

Q. 3.128. Explain the operation of a grid-leak type of detector.

A. (See Question 3.88 for diagram.) The functioning of a grid-leak
detector depends upon the ability of the grid leak and condenser to
follow the average grid current variations which are directly propor-
tional to the modulation envelope.

D. (See Question 3.368 for full discussion of grid-leak bias.) The
grid-leak detector is basically a triode tube used as a diode detector
with a built-in amplifier. The grid acts as the plate of a diode with
the other elements of the triode performing their normal functions.
The grid circuit is considered first. Here a tuned circuit which acts as
a generator is connected to the cathode and to the grid in series with
the parallel network R,-C,. Assume first than an unmodulated carrier
is applied to ‘the detector. Rectification will take place in the grid cir-
cuit with the grid drawing current on the positive portions of the r-f
cycles. As a result of the grid current, capacitor C, will become charged



72 RADIO OPERATOR’3 Element IIX

almost to the peak value of the unmodulated carrier. Because of the
direction of electron flow, the condenser will assume a negative charge
at the grid side. This negative value is now the operating: bias for the
triode and remains constant as long as the r-f input voltage does not
vary. Thus there will be certain definite value of d< plate current flow-
ing. R-f components appearing in the plate circuit will be effectively
eliminated by the plate by-pass condenser. The d< current flowing
through the plate load resistor will provide a steady value of d< vol-
tage at the plate (e).

Summing up this far: an unmodulated r-f input in the grid circuit
produces a steady value of d-c voltage in the plate circuit. Now if the
r-f carrier amplitude should begin increasing due to modulation, an in-
creasing r-f voltage is applied to the grid, causing the grid current to
increase and a larger negative voltage to appear across R,-C,. This cor-
responds to an instantaneous increase of bias resulting in a decrease of
plate current, and a consequent increase of plate voltage. The greater
the increasing modulated carrier becomes, the more positive is the plate
voltage. Thus plate voltage follows the average increasing value of the
r-f wave, which is the audio component. As the modulated carrier be-
gins decreasing in strength (on the descending part of the audio mod-
ulating cycle) the condenser C, begins to discharge through R, thus
reducing the instantaneous value of bias. This results in an increasing
plate current and a descending plate voltage, which effectively follows
the original audio modulation component at the grid. The condenser
C; must be able to discharge fast enough so that each decreasing r-f
cycle will draw grid current and thus maintain the proper shape ot the
audio wave. However, it must discharge neither too fast nor too slowly
or distortion will result. Typical values are 1 megohm for R, and .0001
uf for C,.

The disadvantages of a grid-leak detector are:

(1) Considerable second harmonic distortion.

(2) Distorts excessively on large signals.

The main advantage is that the detector is very sensitive to weak
signals.

Q. 3.129. List and explain the characteristics of a square-law type
of vacuum-tube detector.

A. The characteristics of square-law detection are:

(1) The audio output signal amplitude is proportional to the square
of the r-f input voltage.

(2) High sensitivity is provided due to the above.

(3) High percentage of second harmonic distortion .

(4) Works on weak signals only.

D. Any detector may be square-law. The term square-law merely
refers to the curvature of the lower end of the tube characteristic. This
curve is essentially a parabola whose equation is y = X?*, where y
represents the output signal and X represents the input signal. Thus if
three input readings were 2, 4, and 6, the corresponding eutput would
be 4, 16, and 36. A diode detector is square law on weak signals, as
is a plate detector or a grid-leak detector.
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Q. 3.130. Explain the operation of a diode type of detector.

A. The diode detector operates in the same manner as the grid-to-
cathode section of the grid-leak detector. The audio component across
the R-C network (Question 3.86) is not amplified within the same
tube, but is fed into a separate amplifier through a condenser to elim-
inate the d< component. The separate amplifier can then be operated
class A, independently of the d- component due to rectification by the
diode. The diode detector is “square law” on weak signals and prac-
tically linear on strong signals.

D. See Question 3.128.

Q. 3.131. Explain the operation of a power or plate rectification type
of vacuum-tube detector.

A. (See diagram, Question 3.87.) A power detector (also plate or
bias detector) may be operated as either a square law or lineal detector.
The bias is usually supplied by a cathode resistor and condenser, or some-
times from a negative power supply. The bias value is such that plate
current is almost cut-off, and is usually about 0.2 milliampere with no
signal input. With a weak signal input the average plate current is
low, whereas with a strong signal input the average plate current rises.
That is, the average plate current varies in proportion to the magnitude
of the grid signal voltage which means that the average plate current
follows the modulation envelope at the grid. The by-pass condenser
for the plate small (.0001 uf) and is only effective for r.f. while the
cathode by-pass condenser is large (1 pf) and is effective for r.f. and
a.f. The power detector is less sensitive than the grid-leak detector, but
is able to handle greater overloads. Under normal signal conditions, it
draws no grid current, and does not affect the sharpness of tuning.

Q. 3.132. Is a grid-leak type of detector more or less sensitive than
a power detector (plate rectification)? Why?

A. The “grid-leak” detector is more sensitive than a “power” de-
tector, because of the tube amplification.

D. With a weak input signal the grid-leak detector is operating at
nearly zero bias. This means operation on the steepest portion of the
dynamic characteristic curve of the tube. The steeper the slope, the
higher is the transconductance and consequently the gain.

The power detector bias does not vary with input signals and is al-
most at cut-off value where the slope of the curve is the least. This
corresponds to a low transconductance and gain.

Q. 3.133. Describe what is meant by a class A amplifier.
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A. A class A amplifier is one in which the grid bias and alternating
grid signal are such that plate current flows for the entire 360° of an
input sine wave voltage applied to the grid. Operation is confined as
nearly as possible to the most linear portion of the tube characteristic.

D. See Questions 3.106, 3.109, and 3.445.

Q. 3.134. What are the characteristics of a class A audio amplifier?

A. Low plate efficiency, very little distortion, high voltage gain,
low power output compared to class B or C.

D. See Question 3.133.

Q. 3.135. What will be the effect of incorrect grid bias in a class A
audio amplifier?

A. In a voltage amplifier incorrect bias will cause distortion of the
output wave shape. In a power amplifier it may also cause excessive
plate dissipation if the bias is too low.

D. See Questions 3.106, 3.122, and 3.133.

Q. 3.136. What are the factors which determine the bias voltage
for the grid of a vacunm tube?

A. The following factors apply:

The class of operation (A, B, or C).

The plate supply voltage.

Permissible distortion.

Grid signal magnitude.

Permissible plate dissipation (in power tubes).
Desired amplification factor. (In variable p tubes.)
The no-signal plate current desired.

8. The desirability or not of drawing grid current.

D. The amount of bias needed for a given class of operation is in-
versely proportional to the amplification factor (u) of the tube. For
example, in class C operation where the bias is equal to twice cut-off,

2 E,

U 5 50 P B

it may be found from the formula, E, = . See also Questions

3.122 and 3.484.
Q. 3.137. Why are tubes operated as class C amplifiers not suited
for audio-frequency amplification?

A. Because of excessive distortion.

D. The plate current in the average class C amplifier flows for only
120° or ¥ of a cycle. Even in push-pull operation there would still be
only 2/3 of the cycle reproduced. The resultant distortion would be
far beyond the tolerance allowed for audio. Class C r-f amplifiers have
tank circuits which replace the missing portions of the cycle through
storage action. The tank circuit can not be similarly used for audio
frequencies, because it operates at one frequency only.
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Q. 3.138. Draw a circuit of a “frequency doubler” and explain its
operation.

A. See Question 3.90 for diagram, and 3.139 for use.

D. A pure sine wave contains only one frequency, the fundamental.
However, any distortion of the sine wave indicates the presence of other
frequencies, which are multiples of the fundamental and are called har-
monics. Thus any amplifier which distorts the input wave is actually
a harmonic generator. The desired harmonic may be selected with a
suitable resonant circuit. In a frequency doubler the grid tank is tuned
to the fundamental while the plate tank is tuned to the second har-
monic. In triodes the grid bias for most efficient doubling is 10 times
cut-off value, with a plate efficiency of 509, a relative power output
(compared to ordinary class C amplifier) of 70%, and a plate current
pulse length of 90°.

For a triode tripler, the grid bias is 20 times cut-off, plate efficicncz
o£ 57(;‘:/0, relative power output of 36%, and a plate current pulse lengt
o c

Due to the high bias, very large values of grid excitation voltages
must be used.

Q. 3.139. For what purpose is a “doubler” amplifier stage used?

A. A doubler is used to multiply the fundamental frequency by 2.

D. From a practical consideration, a doubler is most often used in
connection with crystal oscillators. The high frequency limitations of
quartz crystals are due to the fact that the crystal plate becomes thinner
as its resonant frequency is increased. Thus it becomes extremely fra-
gile and easily subject to overheating and cracking. To overcome this
important limitation, the crystal frequency is kept relatively low, usually
under 20 megacycles, and the crystal oscillator may be followed by one or
a series of doublers to increase the output frequency. Triplers and quad-
ruplers may also be used when desired. (See also Question 3.138.)

Q. 3.140. Describe what is meant by “link coupling” and for what
purpose(s) it is used.

A. “Link coupling” is a low impedance transmission line method
of coupling together two circuits which may be separated by a relative-
ly large distance. It may be considered to be a step-down transformer
and a step-up transformer interconnected.

D. A link system consists of a very few turns of wire which is
coupled to the low impedance point of a tank circuit, then connected
to a length of low impedance transmission line and terminated by
another few turns which is again coupled to the low impedance point
of the input tank circuit. The low impedance point is that point to
which the r-f bypass condenser is connected. In push-pull operation, the
low impedance position is at the center of the tank. Advantages of this
system are extreme flexibility of mechanical construction and a reduc-
tion of tube capacitance effects on the L/C ratio of the tank circuits.
See diagram, Question 3.360.
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Q. 3.141. What factors may cause low plate current in a vacuum-
tube amplifier?

A. The following factors may cause low plate current:

Low filament emission.

Low filament voltage.

Excessive value of bias.

In class C amplifiers, low excitation voltage.
Open grid circuit.

Low plate supply voltage.

Low screen grid supply voltage.

8. Shorted screen by-pass condenser.

(Compare Question 6.459.)

Q. 3.142. Given the following vacuum tube constants: E, = 1,000
volts, I, = 150 milliamperes, [, = 10 milliamperes, and grid leak =
5,000 ohms, what would be the value of direct-current grid-bias voltage?

A. E, = 50 volts.

D. The plate current and voltage values are unnecessary to solve this
problem. By Ohm’s law, the bias is equal to the voltage drop across the

grid resistor of E, = 5000 X .010 = 50 volts.

(Compare Question 6.465.)

Q. 3.143. Explain how you would determine the value of cathode-
bias resistance necessary to provide correct grid bias for any particular
amplifier.

A. The bias is equal to the IR drop across the cathode resistance
and is found by dividing the desired d-c bias voltage by the total d-, no
signal cathode current.

D. For a triode the bias resistance will equal the d bias voltage div-

od §0 & &= &9 [0

iwhcrc E, = d< bias
£%)

voltage as desired, and Iy, is the no signal value of d< plate current.
For tetrode or pentode the screen current must be added to the plate

current, giving:

ided by the no signal d< plate current or Rx =

E,
=T+ I,

Q. 3.144. What is the chemical composition of the active material
composing the negative plate of a lead-acid type storage cell?

A. The active material is composed of pure spongy lead (Pb).

D. The plates are constructed of a lattice-work made of lead or lead
alloy (antimony) in the form of flat plates. The openings in the lattice-
work are originally filled in with a paste made of lead oxide which
hardens like cement. Upon charging, the positive plate is converted to lead
peroxide (PbO;) and the negative plate to pure spongy lead. (Pb). Upon
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discharging, the active materials are both converted to lead sulfate,
PbSQ4. See Questons 3.146, 3.150, and 6.281.

Q. 3.145. What is the chemical composition of the active material
composing the negative plate of an Edison-type storage cell?

A. The composition of the active material of the negative plate is
finely powdered pure iron (Fe).

D. Iron oxide is pressed into pockets in sheets of perforated nickel-
plated iron. The pockets are pressed into windows of a nickle-plated
steel grid. The first time the cell is charged, the oxide is reduced to pure
powdered iron. See Questions 3.148, 3.149, and 6.281.

Q. 3.146. What is the chemical composition of the active material
composing the positive plate of a lead-acid type storage cell?

A. The active material in the positive plate is lead peroxide (PbO,).

D. The positive plate is formed in the same manner as the negative
plate. See Questions 3.144, 3.150, and 6.281.

Q. 3.147. How does a primary cell differ from a secondary cell?

A. A primary cell cannot be recharged after use, while a secondary
cell can.

D. A primary cell cannot be recharged because the substance of one
of the electrodes is chemically eroded; this occurs because the products
of the chemical reaction are soluble in the electrolyte. An attempt to re-
charge it would not restore it to its first condition.

A secondary, or storage, cell, when it is discharged, has undergone a
chemical change, but the new products are not soluble in the electrolyte.
When the charging current is supplied, the chemical action is reversed;
since the electrode material has not been dissolved, the cell will be re-
stored to its charged condition.

Q. 3.148. What is the chemical compesition of the active material
composing the positive plate of an Edison-type storage cell?

A. The active material in the positive plate is a green oxide of nickel
(NiO,).

D. The green oxide of nickel is alternated with layers of nickel hy-
drate, in order to increase the conductivity, since the green oxide is a
poor conductor. This material is stuffed into quarter-inch tubes, about
4Y, inches long, made of perforated spirally-wound strips of nickel-
plated iron, and is reduced during the first charge to pure nickel. See
Questions 3.148, 3.152, and 6.837.

Q. 3.149. What is the chemical compesition of the electrolyte used in
an Edison-type storage cell?

A. The electrolyte is a 21 percent solution of potassium and lithium
hydroxides, in distilled water. The specific gravity is about 1.200. The
container for the battery is a strong, welded, nickel-plated sheet-steel
tank.



e 4~ Ll 2

78 RADIO OPERATOR'’S Element Il

D. For composition of the plates, or electrodes, see Questions 3.145
and 3.148. For the lead-acid storage cell see Question 3.150.

Q. 3.150. What is the chemical composition of the electrolyte of a
lead-acid storage cell?

A. The electrolyte is a dilute solution of sulphuric acid (H2SO4) in
distilled water, which reaches a specific gravity of about 1300 when
fully charged.

D. See also Question 3.208. For composition of the plates, see Ques-
tions 3.144 and 3.146. For the Edison storage cell, see Question 3.149.

Q. 3.151. What is “polarization” as applied to a primary cell and
how may its effect be counteracted?

A. “Polarization” is the formation of hydrogen gas around the pos-
itive electrode. It is counteracted by the use of a depolarizing agent, such
as manganese dioxide.

D. “Polarization” is usually though of in terms of a dry (primary)
battery although its effects are also present in secondary cells. Consider-
ing a dry cell, composed of a positive carbon rod and a negative zinc
container, it is found that in the normal chemical cycle, hydrogen bub-
bles are formed about the surface of the positive carbon rod. The hy-
drogen has a high resistance which greatly increases the internal cell
voltage drop, and lowers its efficiency. The effects of “polarization” can
be greatly reduced by the use of a depolarizing agent which is usually
manganese dioxide and which gives up oxygen to the hydrogen, forming
water,

Q. 3.152. Describe three causes of a decrease in capacity of an Edison-
type storage cell,

A. Several causes are:

1. Adding impure water to electrolyte.

2. Frequent overheating.

3. Weak or aged electrolyte.

4. Temporary loss in capacity results from being allowed to stand
idle in a charged condition.

5. Capacity is reduced at operating temperatures over 115° F.

6. Charging at less than normal rate. (The “trickle charge,” useful
in maintaining the activity of the lead-acid type cell, is a disadvantage
in this case.)

Q. 3.153. What is the cause of the heat developed within a storage
cell under charge or discharge condition?

A. The heat developed is due to I?R losses as well as to the energy
transfer due to chemical reactions while charging and discharging the
battery.
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D. When a cell is being charged, the charging current must pass
through the positive and negative plates and the electrolyte. Since these
represent a finite value of resistance, and also because of the heat devel-
oped by the chemical reaction, the charging or discharging current
should not be allowed to exceed the manufacturer’s rating for any
length of time.

Q. 3.154. How may a dry cell be tested to determine its condition?

A. A dry cell must be tested under normal load conditions. If the
terminal voltage has dropped about 20% the battery should be dis-
carded. The reading may be taken by any conventional voltmeter.

D. If a dry cell is tested under no-load conditions, the terminal vol-
tage will be approximately equal to the normal rated cell voltage re-

gardless of the age of the battery. This would give an erroneous im-
pression of the condition of the cell.

Q. 3.155. What will be the result of discharging a lead-acid storage
cell at an excessively high current rate?
A. The effects are:

1. Reduction of output power. If the discharge rate is 8 times nor-
mal, the output power is only 50%, of the normal output power.

2. Excessive heating.

3. Excessive evaporation of water.

D. If the battery is also overdischarged, this will result in the for-
mation of excessive sulphation which will probably be difficult to re-
move with normal charging. See Question 3.162.

Q. 3.156. What is the approximate fully charged voltage of an Edi-
son storage cell?

A. The average voltage on discharge is about 1.2 volts.

D. See Questions 3.152 and 3.160.

Q. 3.157. A 6-volt storage battery has an internal resistance of 0.01
ohm, What current will flow when a 3-watt, 6-volt lamp is connected?

A. The current will be .4995 ampere.

D. I, =72E—, where Rr = combined resistance of lamp and battery.
T

. . E* 36
The resistance of lamp is: R, =—="> = 12 ohms.
w3
Therefore Rr = 12.01 ohms. The total current, Ir, is equal to—6-

12.01
or 4995 ampere.

Q. 3.158. What is the approximate fully charged voltage of a lead-
acid cell?
A. The fully charged terminal voltage is about 2.06 volts.

D. The cell is considered to be fully discharged when the terminal
voltage drops to 1.75 volts. The actual fully charged voltage depends
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upon temperature and individual cell characteristics, but is close to the
figure given. (See Question 3.163.)

Q. 3.159. Why is low internal resistance desirable in a storage cell?

A. To increase the power output and terminal voltage (under load)
of a battery.

D. Any resistance in the battery is an obvious cause of power dis-
sipation, due to IR losses. This power is not available to the load. Also
the IR drop in this internal resistance must be subtracted from the ter-
minal voltage, which reduces the available output voltage of the battery.

Q. 3.160. How may the condition of charge of an Edison cell best
be determined?

A. The charge of an Edison cell can be learned by reading the
terminal voltage under load and checking the reading against a stand-
ard discharge curve.

D. The specific gravity electrolyte in an Edison cell does not change
with charge and discharge and so hydrometer readings are of no use in
determining the state of charge. The terminal voltage of an Edison celi
when fully charged is 1.4 volts, while average voltage under discharge
is 1.2 volts. When fully discharged, the terminal voltage falls to slightly
under 1 volt.

Q. 3.161. If the charging current through a storage battery is main-
tained at the normal rate, but its polarity is reversed, what will result?

A. In an Edison cell, reversing vhe polarity of the charge will cause
no damage as long as the electrolyte temperature is kept below 115°F.
The cell will charge slightly the reverse way. The battery should be
completely discharged and then recharged correctly.

In a lead-acid cell reversing the charging polarity will cause no dam-
age if the discharging effect is not permitted to become excessive. If
permitted to continue in reverse direction, the battery will take on a
reverse charge and become very sulphated. It should be fully discharged
and then charged correctly at a low rate for as much as 48 hours. If
the reverse charge is excessive the negative plates will be ruined.

Q. 3.162. What are the effects of sulphation?

A. The effects are: (1) reduced terminal voltage, (2) increased in-
ternal resistance, (3) reduced power output, (4) possible buckling of
the plates.

D. Sulphation is the formation of lead sulphate on the positive and
negative plates of a battery during discharge. It is a normal process in
the lead-acid cell and is caused by sulphuric acid molecules combining
with lead dioxide and sponge lead to torm lead sulphate (PbSO,). If
proper charging is neglected, the sulphate eventually hardens on the
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surface of the plates and prevents proper contact of the electrolyte with
the active material of the plates. Sulphation is increased by allowing
the battery to remain in a discharged condition, and by adding acid
instead of properly charging the cells. See Question 3.207.

Q. 3.163. How may the state of charge of a lead-acid storage cell be
determined?

A. The following methods may be used:

1. By hydrometer readings, which should be about 1.300 when fully
charged, and 1.100 when discharged.

2. By measuring the terminal voltage with a voltmeter under a
heavy load.

D. See Questions 3.158 and 6.322.

Q. 3.164. Why is laminated iron or steel generally used in the con-
struction of the field and armature cores of motors and generaters in-
stead of solid metal?

A. To reduce eddy current losses.

D. It is customary in iron cores to construct these cores of layers or
laminations which are insulated from each other by a process such as
shellacking. The reason for this is to offer a number of high resistance
paths to eddy currents rather than one low resistance path. This reduces
the eddy current power loss to a relatively small amount. See also Ques-
tion 3.295.

Q. 3.165. What is the purpose of “commutating poles” or “inter-
poles” in a direct-current motor?

A. “Commutating poles” or “interpoles” are added in order to re-
duce brush sparking without the necessity of moving the brushes.

D. Commutating poles are small field poles consisting of a few
turns of heavy wire which are located between the main field poles of
the machine. The commutating poles are connected in series with the
armature, and in a motor are of the same polarity as the preceding
main field pole. In a simple motor, as the load increases, the brushes
have to be pushed backward to keep them in a neutral position for
sparkless commutation. The commutating poles in a motor effectively
twist the field forward, in proportion to the current taken, to keep the
neutral position at the fixed brushes. (“Neutral position” refers to the
position of the brushes on the commutator of a d- motor or generator,
relative to the field poles, at which minimum brush sparking will
occur.)

When the motor or generator is stationary and no current flows
through the armature, the neutral position occurs when the armature
coil in contact with a brush is exactly half way between two adjacent
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field poles. At this position no emf is induced in the armature coil. In
any other position, as the brush transfers to another commutator seg-
ment, it is momentarily shorting the armature coil and causes a strong
magnetic field to be set up which collapses when the brush reaches the
next commutator segment. It is this collapsing field which induces a
large counter-emf and causes sparking. If a heavy current is flowing
through the windings, the inductance will maintain a current flow, re-
gardless of absence of external field poles; the brushes must leave the
commutator segment at the time that the induced voltage has brought
the current to zero. This position is not the same for different loads. As
the load increases, the brushes should be moved forward in the direc-
tion of rotation to reduce sparking, in the case of a generator, while
in a motor the brushes should be moved backwards against the rota-
tion, The commutating poles keep the neutral position fixed, by effec-
tively shifting the field.

Q. 3.166. How may the output voltage of a separately excited alter-
nating-current generator at constant output frequency, be varied?

A. The most practical means would be to vary the output of the
d< exciting generator by means of a series field rheostat.

D. The output voltage of an ac generator depends upon (among
other things) the magnetic strength of the generator field. A simple
method of varying the output voltage therefore, would be to vary the
current of the exciter supply by means of a series rheostat. Any other
nEE:ans of varying the alternator field current would have equivalent
effect.

Q. 3.167. If the field of a shunt-wound direct-current motor were
opened while the machine was running under no load, what would be
the probable result(s)?

A. The motor would race at an ever-increasing speed; and if un-
checked it may destroy itself due to centrifugal forces, provided that
fuses or circuit breakers did not act sooner to protect it.

D. Ordinarily the armature current is greatly limited due to the
counter-emf developed in the armature as the field is cut by the wind-
ings. Since the armature current is limited, the torque and thus the
speed is limited. If the field coil opens, most of this cemf disappears,
and the armature current rises to very high values, increasing the tor-
que and speed almost without limit.

Q. 3.168. Name four causes of excessive sparking at the brushes of
a direct-current motor or generator.

A. Several causes are:

Brushes not properly set at neutral point.
Weak spring tension on brushes.

Worn brushes.

Motor overloaded or started too rapidly.
Open or short circuit in armature coil.
Dirt on commutator or worn brushes.
Commutator worn eccentric.

e
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8. High (protruding) mica insulation between commutator bars or
commutator bars of uneven height.

D. See Question 3.165 for item 1; Question 3.391 for item 4; Ques-
tion 6.377 for item 5. The other items need no special comments.

Q. 3.169. What is the purpose of a commutator on a direct-current
motor? On a direct-current generator?

A. The function of the commutator is to periodically change the ar-
mature coils which contact the brushes and thus maintain a condition
of uni-directional current in the output of a generator, and an alternat-
ing current in the armature of a motor.

D. All generators and motors are essentially ac devices, and thus the
commutator is really a mechanical inverter. In a d< generator, the wind-
ings have a.c. induced, and the output would normally be a.c., were it
not for the fact that the commutator action switches in a new set of
armature coils just when the current in the original coil starts to reverse
direction.

In a motor the switching action is such that the current in the arma-
ture is made to reverse periodically, and thus becomes ac., so that as
an armature coil leaves one field pole, it will be repelled from it and
attracted to the next.

Q. 3.170. What is meant by “counter emf” in a direct-current motor?

A. When the armature of a d motor is rotating in the magnetic
lines set up by the field, a voltage is induced into the armature which
is in the opposite direction to the line voltage. This partially counter-
acts the line voltage and so limits the armature current.

D. In a shunt-wound motor running at normal speed without a
load, the counter emf is almost equal to the line voltage, and thus the
armature current is very small. The only power taken from the line un-
der these conditions, is that needed to overcome the friction and wind-
resistance of the rotating parts.

Q. 3.171. What determines the speed of a synchronous motor?

A. The speed is determined by the line frequency and the number of
pairs of poles.

60
D. RPM, =P—/£ , where f equals the line frequency, and P equals the

number of poles, and 60 is the number of seconds in a minute.

Q. 3.172. Describe the action and list the main characteristics of a
shunt-wound direct-current motor.

A. The main advantage of a shunt-wound d< motor is its practi-
cally constant speed under widely varying load.

D. Assuming first, no load on the motor and full speed, it will be
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found that the counter emf in the armature will almost equal the line
voltage and the current drawn from the line is very small. If a load is
now placed on the motor the tendency is to slow down. However, if
the armature slows, the counter emf decreases, the armature current and
the torque increase; hence the motor attempts to regain speed, but ac-
tually runs at a slightly lower speed since more power must be taken
from the line to supply the load. The result is that the speed of such a
motor falls only slightly under the load. A schematic diagram of such
a motor with starting control and speed control is given in the figure.
In certain cases, a shunt is connected across the field to increase the
speed above the maximum value obtained with the starting resistance
all cut out.

Q. 3.173. Describe the action and list the main characteristics of a
series direct-current motor.

A. The main characteristics are, maximum torque at low speed,
quick starting, and poor speed regulation under varying load conditions.

STARTER AND
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D. Under heavy loads the speed is slow and consequently the counter
emf in the armature is small causing large armature currents and cor-
respondingly high values of torque. When the load is released the arma-
ture tries to reach a speed at which the cemf is almost equal to the line
voltage; as the cemf rises, the current goes down, weakening the field
and requiring a still higher speed. The speed increases until (in very
small motors) friction and wind resistance form a sufficient load to pre-
vent further acceleration, or until (in larger motors) the motor destroys
itself by centrifugal force.

The high starting torque makes series motors desirable for use with
permanently connected loads, such as railways, cranes, elevators, blow-
ers, etc.

A schematic diagram of such a motor with starting control and speed
control is given in the figure.

Q. 3.174. Describe the action and list the main characteristics of a
series direct-current generator.

A. The main characteristics are: the output voltage rises and falls
with an increase or decrease of load, and the load current flows through
field and armature in series.

D. The field consists of relatively few turns of heavy wire in order
to carry the load current without overheating. Series generators cannot
be used to supply power to constant voltage systems, but were once used
to supply power for street lighting. Series generators are sometimes used
as boosters to raise the voltage at the ends of long feeder lines under load.
See Question 6.380, which includes a discussion of a compound genera-
tor which makes use of a series field.

Q. 3.175. List the main advantages of a full-wave rectifier as com:
pared to a half-wave rectifier.

A. The main advantages are:

1. Better output voltage regulation.

2. Smaller filter components for a given ripple percentage.

D. The ripple frequency for any full-wave rectifier is always twice
that of a half-wave system, whose ripple is at line frequency. Conse-
quently, the spaces between pulses of rectifier current are comparatively
small and so the filter condensers have less opportunity to discharge
between pulses. The reduction of ripple voltage is found by the formula:

A= m)l"’LT , where A is the ratio of output ripple to input ripple,
- 3

f is the ripple frequency, and L and C are the filter inductance and ca-
pacitance respectively. It is apparent from the equation that if f, the rip-
ple frequently, is doubled, it is then possible to reduce the values of both
L and C in half to maintain the same ripple attenuation. This is true be-
cause the amount of output ripple is inversely proportional to the square
of the ripple frequency.

Q. 3.176. Why may a transformer not be used with direct current?

A. A transformer requires a changing current through its windings,
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which sets up changing magnetic flux. Direct current cannot satisfy this
requirement.

D. If direct current is periodically interrupted by some mechanical
means such as a vibrator or commutator it will then be possible to use
an original d< voltage source with a transformer. This is the principle
used with automotive radio power supplies. The rising and falling of
current through the primary induces an a< voltage in the secondary of
the transformer.

Q. 3.177. What are the primary advantages of a high-vacuum recti-
fier as compared to the hot-cathode mercury-vapor rectifier?

A. Advantages are as follows:

1. Higher peak inverse voltage rating for a given size of tube.

2. Will stand more abuse without breakdown.

3. Does not generate r-f interference (hash).

D. For use in circuits operating under 400 volts d.c., the high-vacuum
type can be designed to have an internal drop which is little, if any,
greater than the internal drop of a mercury-vapor tube. However, this
is not true of higher voltage operation in which high-vacuum tubes have
a greater voltage drop than the mercury-vapor tube. The peak inverse
voltage is the maximum safe negative voltage which can be applied to
the plate of a rectifier tube without danger of arcing from plate to cath-
ode. This value is always lower, for a given size, in a mercury-vapor
tube due to the ionization of the mercury, which offers a better conduc-
tion path than a vacuum. The mercury-vapor tube generates r-f inter-
ference as a result of ionization, and it must be properly shielded and
its output filtered. See also Question 3.179.

Q. 3.178. What are the primary characteristics of a gas-filled rectifier
tube?

A. 1. Low, constant internal drop; about 15 volts for mercury-vapor
tubes.

2. Produces radio-frequency interference due to ionization of mer-
cury or gas.

3. Permits use of oxide coated cathodes.

High current ratings.

Lower filament power.

More economical (in high voltage, high current applications).
Relatively low inverse peak voltage rating.

8. Filament may be damaged if not pre-heated before plate voltage
is applied.

D. See Questions 3.177, 3.179, and 3.401.

Q. 3.179. What are the primary advantages of a mercury-vapor recti-
fier as compared to the thermionic high-vacuum rectifier?

A. The primary advantages are:

53U 5N §4 62
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1. A low internal voltage drop of 10 to 15 volts which remains con-
stant under varying load conditions, thus making for good voltage reg-
ulation.

2. Permits the use of oxide coated cathodes, with their lower fila-
ment power requirements.

3. Cooler operation due to the low internal drop.

4. Greater efficiency and economy in high voltage, high current op-
eration.

D. See Questions 3.177, 3.178, 3.386. For a discussion of filters, see
Questions 3.399 and 3.401.

Q. 3.180. Why is it desirable to have low-resistance filter chokes?

A. In order to improve the voltage regulation and increase the output
voltage.

D. All of the load currents must flow through the filter chokes and
thus any IR drop due to the internal d resistance of the chokes must
be subtracted from the output load voltage. If a choke has a high d<
resistance, any small change in the load current will cause a relatively
large change in the d- drop across the choke and thus in the output
voltage. The, regulation, therefore, is made worse with a high resistance

choke.

Q. 3.181. When filter condensers are connected in series, resistors of
high value are often connected across the terminals of the individual
condensers. What is the purpose of this arrangement?

A. The purpose is to insure that the voltage across each individual
condenser will be correct.

D. If all of the condensers of a seriesconnected group had infinite
leakage resistance, the applied voltage would divide approximately in
inverse ratio to the value of capacitance; that is, the smaller the capaci-
tance, the larger would be its voltage drop for either ac., or d.c. How-
ever, in the practical case there are finite values of leakage resistances
present in condensers which may vary considerably between supposedly
similar condensers. The effect of this leakage resistance is to form a
voltage divider and thus distribute the voltage across series condensers
according to leakage resistance ratios, rather than capacitance ratios. To
override the resulting indeterminate voltage distribution, a resistor of
proper value is connected across each condenser, forming a voltage
divider which causes the voltage across each condenser to have the cor-
rect value. If the series condensers are all of the same voltage rating then
the resistors will be of equal value. Although the value of the resistors
is high, it is low in comparison with the actual leakage resistance and
thus predominates, since the two are in parallel.

Q. 3.182. What is the primary purpose of a bleeder as used in a filter
system?

A. The primary purpose of a “bleeder” resistance in conventional
power supplies is to improve the regulation of the voltage output.
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D. A bleeder resistor is connected directly across the load terminals.
It is usually designed to draw at least 109 of the total current. In this
way the bleeder acts as a minimum load on the power supply when the
normal load is removed. Since the output voltage of a rectifier tends to
rise when the load is removed, the bleeder draws a constant current and
prevents the voltage from rising as much as it would if no bleeder were
present. The bleeder also serves the important function of discharging
the filter condensers when the power is turned off.

Q. 3.183. Describe the construction and characteristics (1) of a ther-
mocouple type of meter; (2) of a wattmeter.

A. (1) A thermocouple meter is made up of three main parts: a
heater wire or strip, the themocouple which is immediately adjacent to
the heater, and a d-c milliameter or galvanometer. In one typical ther-
mocouple meter, the heater is a strip of platinum alloy of short length. It
is through this heater strip that the r-f currents to be measured must
flow. The thermocouple proper consists of a pair of wires usually of
constantan and a platinum alloy tied together at one end and this junc-
tion welded to the center of the heater strip. The two “cold” ends of the
thermocouple are soldered to a pair of copper strips. These two ends are
connected through the copper strips to a d< milliameter or galvano-
meter. The current which is to be measured is passed through the heater
strip whose temperature is raised in proportion to the square of the cur-
rent passing through. The rise in junction temperature of the thermo-
couple causes a d< current to flow which is directly proportional to the
temperature. Thus, the reading on the d milliameter or galvanometer
is proportional to the square of the r-f current. If the r-f current doubles,
the d< reading will increase by 4 times. Thermocouple meters may be
made very sensitive and are commercially available in sensitivities as
great as 200 microamperes full scale d-c reading, and go as high as 1,000
amperes.

(2) A wattmeter is basically a voltmeter and ammeter so connected
that power factor is automatically compensated for in the indicating
device. The usual type of wattmeter consists of two stationary coils made
of a few turns of heavy wire which are connected in series with each
other and with the line, and a movable coil inside of the two fixed ones,
which is connected in series with a high resistance across the line as a
voltmeter. The current in the stationary coils produces a field which is
proportional to the line current, while the current in the movable coil
produces a field which is proportional to the line voltage. The torque
tending to deflect the needle of the moving coil is proportional to the
product of the instantaneous line voltage and current, or to the instan-
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tancous power. However, the moving element has sufficient damping
so that the needle indicates only the average power, and thus compen-
sates for power factor. Wattmeters of this type may be used on either
ac. or d.c.

Q. 3.184. Describe the construction and characteristics of a D’Arson-
val type of meter.

A. The D’Arsonval type meter consists of three basic parts: (1) a
permanent magnet, (2) a movable coil with pointer attached, rotating
in jewel bearings, (3) two spiral springs, one at each side of the mov-
able coil. The current to be measured is caused to flow through the
movable coil, connection to which is made through the two spiral
springs. The magnetic ficld set up in the movable coil is proportional
to the current flowing through it, and causes the coil to turn against
the two spiral springs by reacting against the field of the permanent
magnet. The amount of coil rotation (and needle), therefore, depends
upon the motor force developed to overcome the resistance of the spiral
springs. The movable coil rotates about a stationary soft iron core, to
increase the magnetic force and thus the sensitivity of the meter. The
movable coil is wound of very fine silk covered copper wire upon a
light aluminum frame. The frame also performs the function of damp-
ing. As the coil moves in the permanent magnetic field, eddy currents
are set up in the frame which in turn produce magnetic fields tending
to oppose the original field of the permanent magnet, thus tending to
stop the rotation. Without such damping, the needle would oscillate
many times before finally coming to rest at the proper reading.

Q. 3.185. Describe the construction and characteristics of a repulsion-
type ammeter.

A. The repulsion type of ammeter consists of three basic parts:

1. A stationary current coil.

2. A stationary iron vane within the coil.

3. A movable iron vane with pointer attached, which is concentric
with the stationary iron vane.

The current to be measured is applied to the coil. The field thus pro-
duced magnetizes both iron vanes with the same polarity so that they
repel and the movable vane changes its position with the pointer, indic-
ating a suitable value of current on a scale. When alternating current is
used, the polarity of the iron vanes changes at the line frequency and
thus they are always in a state of repulsion. The deflection is proportion-
al to the sguare of the current. This type meter is only suitable for rela-
tively low-frequency measurements or for d.c.
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Q. 3.186. Describe the construction and characteristics of a dynamo-
meter-type indicating instrument.

A. A dynamometer consists of two basic parts:

(1) Two stationary coils connected to be series aiding,

(2) A movable coil to which a pointer is attached.

When used as a conventional voltmeter or ammeter the stationary
coils are connected in series with the movable coil. When current flows
through the coils, the field in the movable coil opposes that in the sta-
tionary coil so that the movable coil will rotate against spring action by
an amount which is proportional to the current squared. Damping is
secured by means of a light aluminum vane which is attached to the
movable coil. This vane is enclosed in a box to protect it from air cur-
rents, within which it swings as the coil rotates. The air-resistance thus
provided quickly damps any oscillation of the moving coil.

Q. 3.187. If two voltmeters are connected in series, how would you
be able to determine the total drop across both instruments?

A. 'The total drop across the two voltmeters is found by simply add-
ing the two individual readings.

D. Each meter indicates the voltage across its terminals, indepen-
dently of the external circuit of which the other voltmeter is a part.

Q. 3.188. What type of meters may be used to measure radio fre-
quency currents?

A. The most common type of meter used today to measure r-f cur-
rents is the thermocouple type. Another type which is no longer in
general use is the hot-wire ammeter.

D. See Question 3.183. The hot-wire meter utilizes the thermal ex-
pansion of a piece of wire, as it is heated by the current passing through
it, to permit a pointer to move under spring tension.

Q. 3.189. Why are copper oxide rectifiers, associated with direct-cur-
rent voltmeters for the purpose of measuring alternating current, not
suitable for the measurement of voltages at radio frequencies?

A. Because of the relatively large shunt capacitance of the copper
oxide rectifier.

D. Copper oxide rectifiers will operate correctly at line frequencies
and low audio frequencies. However, at the higher audio frequencies
the meter begins to read low due to the bypassing effect of the recti-
fier shunt capacitance, by an amount in the order of % to 1 per cent



TSR B RO Ll o

Element IIT LICENSE Q & A MANUAL 91

for each 1000 cycles increase. Thus at radio frequencies, the rectifier
becomes practically shorted by the low capacitive reactance.

Other limitations on the use of copper oxide rectifiers for a< metering
are that the accuracy is usually not better than 5%, and that the rectifier
characteristics vary considerably with temperature.

Q. 3.190. If two ammeters are connected in parallel, how may the
total current through the two meters be determined?

A. The total current through the two parallel meters is the sum of
the two individual readings. This may not be entirely accurate for alter-
nating and radio frequency currents unless the meters and connections
are exactly alike.

Q. 3.191. Is the angular scale deflection of a repulsion iron-vane am-
meter proportional to the square or square root of the current, or merely
directly proportional to the current?

A. The angular scale deflection is about proportional to the square
of the current passing through the stationary meter coil.

D. The deflection of an iron vane meter is proportional to the torque
produced on the needle mechanism. The torque is proportional to the
product of the magnetic pole strengths of the movable vane and the
fixed vane, and each of these is proportional to the current. Hence, torque
is proportional to the square of the current. This is based on the assump-
tion that the torque is not affected by the position of the pointer, an as-
sumption which is only approximately true; as the pointer moves, one
vane moves, and this change in relation of the vanes will affect the tor-
que. Refer to Questions 3.185 and 3.186.

Q. 3.192. Does an alternating-current ammeter indicate peak, aver-
age, or effective values of current?

A. The conventional type of a- ammeter is calibrated to indicate
effective (rms) values of current. Effective value is equal to .707 of
peak value, in the case of sine-wave currents.

D. The meter itself responds to the average torque. For pure sine-
wave currents, the indicated reading is dependent upon the scale cali-
bration, which usually gives rms value. What a meter does, relatively,
on non-sine-wave currents depends on the meter, but in the usual case,
the meter indicates the effective value of current.

Q. 3.193. If two ammeters are connected in series, how may the total
current through the two meters be determined?
A. Assuming each meter to be correctly calibrated, the total current



92 RADIO OPERATOR’S Element IIT

is the reading of either meter alone, since the same current flows through
each meter.

Q. 3.194. How may a direct-current milliammeter, in an emergency,
be used to indicate voltage?

A. By connecting in series with the meter a suitable multiplier re-
sistor.

D. All standard voltmeters are basically milliammeters or microam-
meters. The resistance of the meter would probably not be known, but
could be measured if equipment were available. However, the full scale
current rating is always available on the face of the meter. Neglecting
the meter resistance, the value of multiplier resistor could be calculated

from, R = %—, where R is the value of multiplier resistance, Ey, is the
full scale volta’gc reading desired, Iy, is the full scale current rating of
the meter in question. See Question 3.195.

Q. 3.195. What is the purpoese of multiplier resistance used with a
voltmeter?

A. A multiplier resistance is used in series with a voltmeter in order
to increase its voltage indicating range.

D. In a “1000 ohms-per-volt” meter, one milliampere is required for
full scale deflection. The current rating is found by taking the reciprocal

of the sensitivity rating. Thus, =.001 ampere or 1 milliampere.

1
1,000
The expression means that the meter resistance is 1,000 ohms for each
full scale volt. For example, if the meter has 250 volts full-scale deflec-

tion, the resistance is 250,000 ohms. At full scale the current is I .—_:-I—Ea—

250 1

=350.000— 1000 amperes= 1 milliampere. This indicates that the current

1
number of ohms per volt

required for full-scale deflection is . A 20,000

1 -
20,000 ampere, or 0.05 milliampere, or 50

microamperes for full-scale deflection.

ohms-per-volt meter requires

Q. 3.196. What type of indicating instrument is best suited for use in
measuring radio-frequency currents?

A. The thermocouple type of r-f ammeter is the most widely used.

D. See Question 3.188.

Q. 3.197. What is the purpose of a “shunt” as used with an ammeter?

A. A shunt across an ammeter permits an increase in the indicating
range of the meter which is almost inversely proportional to the resistance
of the shunt.
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D. The following problem illustrates this answer:

Problem: Given a milliammeter of full-scale deflection equal to 1 milli-
ampere, and an internal resistance of 50 ohms, what value of shunt resis-
ance must be connected across the meter terminals to permit full-scale de-
flection at a current value of 51 milliamperes?

Solution: The basic formula for calculating shunts Rpul, = R,
from which, R, = R_"'I"'_, where R, is the shunt resistance, R, is the

£
meter resistance, I, is the full scale current of the meter alone, I, is the
current which is in excess of full scale meter current and which must
flow through the shunt. In this example the shunt current will be 50
milliamperes.

50X0.001
R, ——(Tos——— 1 ochm

Another way of looking at it, is this. Since the shunt must carry 50

times the current that the meter does, it must have 1/50 the resistance
of the meter (the voltage across each is identical).

Q. 3.198. What effects might be caused by a shorted grid condenser
in a three-circuit regenerative receiver?

A. The receiver would be mostly or completely inoperative.

D. Shorting the grid condenser has the effect of placing the grid at
cathode potential for d.c. Thus it is not possible for the grid leak bias to
vary and grid leak detection cannot take place. Since zero bias wilk now
be present, there will be a high value of plate current. But, since the tube
will be operating on the upper curved portion of the tube characteristic,
it is likely that some form of plate detection will occur, but at consider-
ably reduced sensitivity and volume.

Q. 3.199. What would be the effect of a short-circuited coupling con-
denser in a conventional resistance-coupled audio amplifier?

A. The results would be:

(1) Excessive plate current.

(2) Extreme distortion.

(3) Very low gain.

(4) Large value of grid current.

D. If the coupling condenser shorted, the positive plate voltage of the
preceding stage would be applied directly to the grid of the amplifier.
This voltage will usually be sufficient to overcome the normal tube bias
and cause the tube to operate in the extreme upper part of its character-
istic. Thus high plate current would flow and the distortion would be
extreme, while the gain will be very small if any. If this were a power
stage the tube might become damaged.

Q. 3.200. What might be the cause of low sensitivity of a three-
circuit regenerative receiver?

A. Low sensitivity might be caused by:
(1) Faulty tube.
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(2) Insufficient plate, screen, or filament potentials.

(3) Insufficient feedback.

(4) Out of phase feedback.

(5) Shorted grid condenser.

(6) Open grid condenser.

(7) Open or incorrect grid resistor.

D. The above faults, plus the possibility of an open coil, might also
prevent regeneration or oscillation. A detailed discussion of the effect of
an open grid leak follows.

An open grid resistor would not permit the grid condenser to dis-
charge. Assuming perfect insulating and non-leakage conditions, the
grid condenser would charge up to the peak value of the strongest in-
.put signal and “block” the receiver provided that the amplitude of the
input signal diminished conmsiderably. Under these conditions, the re-
ceiver would probably continue to operate, but the output would be dis-
torted. The theoretical performance, in this event, would be dependent
upon the shape and position of the tube characteristic curves, upon the
magnitude of the maximum signal, and upon the magnitude of the
new reduced signal. An analysis would be difficult.

In practical cases, leakage conditions of various degrees always exist
and thus the operation of the receiver might vary from almost normal
to “motorboating” or non-operation, depending upon the degree of leak-
age present.

See Questions 3.267 and 3.268.

Q. 3.201. What is the effect of local action in a lead-acid storage cell
and how may it be compensated?

.A. Local action causes a slow discharge in the cell accompanied by
a formation of very hard sulphate on the plates which is difficult to get
rid of. The effects of local action may be reduced by maintaining the
battery on a trickle charge when not in actual use.

D. “Local action” is a chemical action going on at all times within
a battery, and is due to the presence of impurities in the electrodes. If
impurities are present in the electrodes of a battery, a local current will
be set up due to the action of the electrolyte upon the dissimilar sub-
stances. In a dry cell it will actually cause the casing to disintegrate in
time, while in a lead-acid cell, a very hard white crystalline sulphate is
formed which is extremely difficult to remove.

In a dry cell local action is reduced by combining mercury with the
zine plate. In a lead-acid cell, local action is reduced by trickle charging
and keeping the cell fully charged at all times.

Q. 3.202. Why should adequate ventilation be provided in the room
housing a large group of storage cells?

A. To prevent gas accumulation and overheating of the battery.

D. During the charging process gases are given off from the battery.

These include considerable hydrogen which is.inflammable and can be
explosive if confined. Fire of any type including lighted tobacco should
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not be allowed within the vicinity of batteries, particularly on charge.
Battery covers should be opened when the battery is charging to prevent
gas pressure from building up.

Q. 3.203. When should distilled water be added to a lead-acid stor-
age cell and for what purpose?

A. The level of the electrolyte in a lead-acid cell should be kept
about % inch above the top of the plates. During charge and discharge
some of the water (not acid) evaporates and so must occasionally be re-
placed with pure water. If the level is allowed to be continously low,
the useful plate area will diminish and the capacity of the battery will
be reduced.

D. See Question 3.150.

Q. 3.204. How may the polarity of the charging source to be used
with a storage battery be determined?

A. By the voltmeter or salt water method.

D. The safest and most convenient method would be to use a suit-
able voltmeter. Connect the voltmeter to the line until it (voltmeter)
reads in the right direction. The polarity of the voltmeter is also then
the polarity of the line.

Another method, which is not recommended because of the hazard,
is to dip the two terminals into a container of water into which a minute
quantity of salt has been dissolved. The greater amount of gas bubbles
will collect upon the negative terminal.

Q. 3.205. Describe the care which should be given a group of storage
cells to maintain them in good operating condition. '

A. The following items should be carefully checked in order to main-
tain a group of storage cells in good operating condition.

(1) Electrolyte should be kept about %4 inch above plates by adding
pure water when needed.

(2) Cells should always be kept fully charged, and on trickle charge
when not in use,

(3) Cells should be frequently checked to determine state of charge.

(4) Any cell showing unusual conditions should be removed from
the circuit.

(5) 1If electrolyte is spilled, it should be replaced after the battery
is fully charged, using electrolyte of the rated specific gravity.

(6) Proper ventilation must be provided.

(7) Observe correct charge and discharge rates.

(8) Overcharge somewhat about once each month to remove sul-
phation.

(9) Keep exterior of battery dry and terminals coated with vaseline
or other suitable lubricant.
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(10) Keep all terminal connections clean and tight.

Q. 3.206. What may cause the plates of a lead-acid storage cell to
buckle?

A. The plates may buckle due to the formation of excessive sulpha-
tion and from overheating. This is usually caused by overdischarging
of the battery.

D. See Questions 3.153 and 3.162.

Q. 3.207. What may cause “sulphation” of a lead-acid storage cell?

A. Sulphation is a normal process in a lead-acid cell. However, ex-
cessive sulphation will be caused by overdischarging and by local action
through improper charging.

D. The battery should be given an overcharge about once a month
if in continual use, or kept on trickle charge when not in use for any
extended period. See Question 3.162.

Q. 3.208. What chemical may be used to neutralize a storage cell acid
electrolyte?

A. Ammonium hydroxide (ammonia), baking soda (sodium bicar-
bonate), or washing soda (sodium carbonate) may be used to neutralize
acid electrolyte.

D. Great care must be taken to allow none of these substances to
get inside the battery. See Question 3.150.

Q. 3.209. What steps may be taken to prevent corrosion of lead-acid
storage cell terminals?

A. The cell terminals should be occasionally cleaned and coated with
vaseline or other suitable lubricant.

D. Connections should be made before the terminals are coated and
care must be taken to see that all terminal connections are tight.

Q. 3210. Why are by-pass condensers often connected across the
brushes of a high-voltage direct-current generator? i

A. To protect the generator windings from high voltage surges, and
reduce radio-frequency interference.

D. The armature of a high voltage generator consists of coils which
have a great many turns of wire. These armature coils are suitably in-
sulated against normal voltages and reasonable amounts of excess vol-
tage. However, if there should be a high frequency impulse in the high
voltage circuit, such as might be caused by simply opening the high vol-
tage switch, the collapsing magnetic fields in the armature would de-
velop voltages across the armature coils considerably in excess of the nor-
mal insulation rating. As a result, the armature insulation might break
down and put the generator out of service.

To protect against such a failure, by-pass condensers are connected
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across the brushes and to ground. The reactance of these condensers
should be high with respect to the generator ripple frequency but very
low with respect to any high frequency impulses, which are effectively
short circuited by the condensers. See also Question 3.212.

Q. 3.211. What may cause a motor-generator bearing to overheat?

A. The most obvious cause would be lack of lubrication or incorrect
type of lubrication. Other causes might be: consistent overload, lack of
ventilation, dirt in bearings, or misalignment which may result from
warping or distortion of base or frame,

D. The first rule in treating an overheated bearing is never to stop
the machine, as the bearings might seize (or “freeze”) when contraction
takes place. If possible, remove the load and slow down the machine
considerably. While running slowly make every effort to cool the ma-
chine by forced air cooling or other means available. A large quantity of
oil and graphite, if available, should be continuously applied while the
machine is running slowly. Continue this treatment until the bearing
cools to normal temperature. Flush out with flush oil or kerosene, and
then lubricate with the proper grade of oil. If the heating has not been
too severe the bearing will still remain in good condition, If the cause
of overheating was due to any overload condition, the overload should be
removed before bringing the machine back to normal speed.

Q. 3.212. How may the radio-frequency interference, often caused
by sparking at the brushes of a high-voltage generator, be minimized?

A. By the use of brush by-pass condensers, and high and low fre-
quency filters.

D. Sparking interference is usually caused by the fact that certain
elements within the generator form tuned circuits of various frequencies,
and that connections and power leads behave as antennas to radiate these
frequencies. The action of the spark in this case is similar to a regular
spark transmitter, supplying the energy to keep the tuned circuits os-
cillating. If spark interference suppression is to be successful, the radiat-
ing leads must be effectively terminated (as far as radiating frequencies
are concerned) very close to the generator.

If a commutator motor is being used, a low-pass filter should be in-
stalled close to it, in the motor supply line. With respect to the generator
proper, ripple filter (low-pass) should be connected in the high voltage
line, as close to the generator as possible. Shielding of long connecting
leads will reduce radiation and interference. Brush by-pass condensers
should be connected from each brush to ground. If some interference
is still present, a “pi” filter made up of an r-f choke and two r-f by-pass
condensers can be located close to the generator in the high-voltage line
and ahead of the ripple filter. See also Question 3.121.

Q. 3.213. Why are high-reactance head telephones generally more
satisfactory for use with radio reccivers than low-reactance types?
A. High reactance head telephones are more satisfactory because
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they can usually be operated without the necessity of an impedance
matching transformer.

D. In the usual case, the head telephones are so connected, that they
represent the plate load impedance for the tube which is delivering the
necessary driving power. To achieve the maximum driving power into
the phones with tolerable distortion, it is necessary that a certain rela-
tionship exist between the plate load impedance (phones) and the in-
ternal plate impedance of the tube. For a medium mu (20) triode, the
load impedance should be from 2 to 4 times the internal plate im-
pedance. For a high-mu (100) triode the load impedance may be ap-
proximately equal to the internal plate impedance, and for a tetrode or
pentode, the load impedance is in the order of 1/10 of the internal
plate impedance. The lowest of any of these values would be in excess
of 1000 ohms. No proper matching could be made in any of the above
cases by using phones with a low impedance of say, 75 ohms. Therefore,
for a given type of tube and without the use of an impedance matching
transformer, the high impedance phones represent a much better match
for the tube impedance than a pair of low impedance phones. The low
impedance phones would require an impedance matching transformer
if reasonable efficiency is to be achieved.

Q. 3.214. What may cause packing of the carbon granules in a car-
bon button microphone?

A. Four causes are:

(1) Excessive button current.

(2) Accumulation of moisture.

(3) Jarring the microphone while current is applied.
(4) Sudden puffs of breath striking the diaphragm.

D. See Questions 3.216 and 3.338.

Q. 3.215. Why should polarity be observed in connecting head tele-
phones directly in the plate circuit of a vacuum tube?

A. Polarity should be observed in order to maintain maximum sen-
sitivity when d< plate current flows through the windings of the head-
phones.

D. The magnetic type of headphones consists of a permanent mag-
net and an electromagnet through which the audio-frequency currente
flow. These currents causc the total magnetic field to increase and de-
crease at voice or music (or code) frequencies, and thus cause the metal
diaphragm to vibrate in synchronism with the modulating frequencies.
If dc plate current is caused to flow through the electromagnet of the
phones, it should be in such a direction as to aid and not oppose the
ficld strength of the permanent magnet. If the electromagnetic d< field
opposes the field of the permanent magnet, it is possible that the mag-
netic field will be cancelled, and the audio currents flowing in the
winding will attract the diaphragm on both positive and negative peaks.
The effect is to give a note of twice the applied frequency. If the polar-
ity ot the phones is not apparent, it may be experimentally determined
by making momentary contact between the two phone leads and the ter-
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minals of a low-voltage battery. The polarity which results in the loud-
est click causes the correct direction of current flow. The lead which
was connected to the negative terminal of the battery should be con-
nected to the plate and the other lead to the positive end of the power
supply.

Q. 3.216. What precautions should be observed in the use of a double-
button carbon microphone?

A. A carbon microphone should not be jarred or tapped while in
operation, or subjected to violent sound intensities. The button currents
should be equal and within specified limits (usually less than 30 ma).

D. A double-button carbon microphone is connected into a center
tapped push-pull type transformer. To realize the advantages inherent
in this type of connection, the individual button currents should be
equal, and provisions are usually made by means of jacks to check these
currents. (10 to 20 ma.) A common cause of button “packing” (or ca-
king) is breaking the circuit while current is flowing through the micro-
phone. A simple filter consisting of .02 uf condensers and three coils of
0014 henry each will effectively protect the button against this cause
of “packing.” See also Question 3.214. Question 3.338 concerns the con-
struction and characteristics of a carbon-button microphone.

Q. 3.217. If low-impedance head telephones of the order of 75 ohms
are to be connected to the output of a vacuum-tube amplifier, how may
this be done to permit most satisfactory operation?

A. Low-impedance head telephones may be satisfactorily coupled to
an amplifier tube by the use of an impedance matching transformer.

D. In order to achieve maximum output with tolerable distortion it
is necessary that a certain value of plate load impedance be presented to
the amplifier tube. This value varies with the type of tube and is dis-
cussed in Question 3.213. An impedance of 75 ohms will not be satis-
factory as a plate load with any of the common types of tubes. There-
fore, it is necessary for the tube to work into its proper load impedance
and for the phones to work into their proper impedance which is 75
ohms. This is accomplished by making use of the impedance reflecting
properties of a transformer. If the load across the secondary of the
transformer is 75 ohms, then the primary impedance is found by Z,
= Z,X N2 Thus if the turns ratio, which is equal to the voltage ratio,
is 10 to 1, the primary impedance will be 75X 102 or 7500 ohms. If it
is desired to find the turns ratio the following formula is applied: N =

/ VA . . . .
—Z—p, where N is the turns ratio, Z, is the correct plate load im-
8

pedance and Z, is the impedance of the driven device (headphones).

Another way of using the 75-ohm phones without a transformer is to
connect them as a cathode bias resistor in the output stage. In this case,
the B+ goes directly to the plate, and there is no cathode by-pass ca-
pacitor. This is the cathode-follower connection, useful for feeding low
impedance loads and to reduce distortion.
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Q. 3.218. What is the effect on the resonant frequency of adding an

inductor in series with an antenna?

A. Adding an inductor in series with an antenna has the effect of
reducing the resonant frequency of the antenna,

D. An antenna can be considered to be a resonant circuit. Taking
a halfwave (dipole) antenna in free space as a basic example, it will be
found that the antenna will resonate at a frequency whose wavelength
is equal to zwice the physical length of the antenna. In free space the
velocity of wave travel from one end of the antenna to the other and
back is almost equal to the velocity of light (if wire is very thin) which
is 300,000,000 meters per second. Thus in free space the physical length
of a half-wave antenna in meters may be calculated from the formula,
| — 300,000,000
T 2X(freq.incycles)
at a frequency determined by the length of time required for a wave
to travel from one end of the antenna to the other (180°) and to return
(360°). From the above, it must be realized that the resonant frequen-
cv of any antenna is a direct function of the velocity of the wave along
the antenna wire. In the practical case, the antenna is never completely
isolated from the surrounding objects, and this causes the velocity of the
wave along the antenna wire to decrease somewhat. Thus the physical
length of the antenna must be shortened if it is still to resonate at the
same frequency as in free space. The exact amount of the reduction of
length is difficult to state, but a rough approximation of 59/ may be
used as a starting point. The approximate physical length of a balf-

wave antenna in feet may then be found from the formula ) = SN

f (me)

It has been stated above that the resonant frequency is dependent
upon the velocity of the wave along the antenna. Thus any factors tend-
ing to reduce the velocity along a given lemgth of wire will cause the
antenna to resonate at a Jower frequency. The addition of series induc-
tunce will produce this effect and thus reduce the resonant antenna
frequency. Any factors tending to smcrease the velocity along a given
length of wire will cause the antenna to resonate at a higher frequency.
The addition of series capacitance will produce this effect and increase
the resonant frequency of the antenna,

The following method, while possibly not strictly accurate, will pro-
vide a means of remembering the above facts. Consider the resonant

1

2=V LC

Now if inductance is added in series with the antenna (and its in-
ductance) the effect is to imcrease the total antenna inductance. If L
#ncreases in the formula, the frequency decreases. If capacitance is added
in series with the antenna (and its capacitance), the total antenna ca-
pacitance is decreased. If C decreases in the formula, the frequency in-
creases.

Q. 3.219. What is the effect on the resonant frequency of adding a
capacitor in series with an antenna?

This is so because the antenna will resonate

frequency of an antenna to be expressed by the formula, f =
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A. A series capacitor increases the resonant frequency of an antenna.

D. See Question 3.218.

Q. 3.220. What is the velocity of propagation of radio-frequency
waves in space?

A. The velocity in free space is 300,000,000 meters per second or
186,284 miles per second. This is the same as the velocity of light in
free space.

D. The velocity of propagation of radio waves along a transmission
line may be considerably different. For example the following values
of K express the ratio of the actual velocity of the energy on the line to
the velocity of light,

Line
Parallel line ...
Parallel tubing
Concentric line
Twisted pair .....ccoveeneee.

See Question 3.67.

Q. 3.221. What is the relationship between the electrical and physical
length of a Hertzian antenna?

A. The radiated wave from a Hertz antenna has a wavelength
which is approximately twice the physical length of the antenna.

D. The physical length of an antenna is actually somewhat less than
its electrical length due to “end effect,” which results from the capaci-
tance between the ends of the antenna and the earth. The end effect
varies with the height of the antenna, the diameter of the antenna, and
the excitation voltage. As an average figure the physical length is usual-
ly about 59 less than the electrical length.

Q. 3.222. If you desire to operate on a frequency lower than the
resonant frequency on an available Marconi antenna, how may this be
accomplished?

A. An inductance added in series with an antenna will lower the
resonant frequency of the antenna and make it possible to operate on
a lower frequency than the original resonant frequency of the Marconi
antenna.

D. See Question 3.218.

Q. 3.223. What will be the effect upon the resonant trequency if the
physical length of a Hertzian antenna is reduced?

A. If the physical length of a Hertz antenna is reduced its resonant
frequency will be increased.

D. The length of a Hertz antenna may be found by the formula, / =

462
Flme)’ where ] is the half-wave length in feet, and f is the frequency
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in megacycles. If the frequency is less than about 30 megacycles, the for-
468

mula becomes ] =———.
f (mc)

Q. 3.224. Which type of antenna has a minimum of directional
characteristics in the horizontal plane?

A. A single element vertical antenna radiates equally well in all
horizontal directions and so has a minimum of horizontal directional
characteristics.

D. The directional characteristic of an antenna or antenna system
is its ability to discriminate between various directions of receiving or
transmitting.

Q. 3.225. What factors determine the resonant frequency of any par-
ticular antenna?

A. The resonant frequency of an antenna is determined by its equiv-
alent electrical length.

D. The physical length is always less than the electrical length and
is affected by such factors as: the antenna diameter, height above
ground, composition of ground and surrounding territory, and operating
frequency. (See Question 3.218.)

Q. 3.226. If the resistance and the current at the base of a Marconi
antenna are known, what formula could be used to determine the power
in the antenna?

A. The power in the antenna may be figured by the formula, P =
I?R, where [ is the r-f antenna current, and R is the radiation resistance
of the antenna.

D. Radiation resistance is a value which is defined as Rz = P:/I?,
where Px is the power radiated from the antenna. If a resistive load
were substituted for the antenna and adjusted to draw the same cur-
rent as the antenna, then the value of radiation resistance would be ap-
proximately equal to the resistor value. For a Hertz antenna (!;-wave)
the radiation resistance is about 73 ohms in free space, and about 36
ohms for a Marconi antenna (!-wave). See also Question 3.321.

Q. 3.227. Does the resistance of a copper conductor vary with the
variations in temperature and if so, in what manner?

A. Copper has a positive temperature coefficient; that is, the resist-
ance increases as the temperature increases, and decreases as the temper-
ature decreases.

Q. 3.228. What material is best suited for use as an antenna strain
insulator which is exposed to the elements?
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A. Glazed porcelain is widely used for insulators exposed to the
elements.

Q. 3.229. What material is frequently used for relay contacts? Why?

A. Tungsten is often used as well as silver. These metals have a
low amount of corrosion, low contact resistance, and do not pit readily
during operation.

Q. 3.230. Describe the operation of a crystal detector (rectifier).

A. A crystal made of suitable substances, such as galena, silicon, or
carborundum, exhibits properties similar to a diode vacuum tube. That
is, the crystal has a voltage vs. current characteristic which is a square
law curve at the smaller values, and then becomes quite linear, as the
voltage increases. The current flow when an a< voltage is applied is
mostly unidirectional so that the crystal acts as a rectifier. Instead of
a parallel RC network such as is shown in Question 3.86, the crystal
detector load is made up, usually, of a pair of high impedance head-
phones in parallel with a condenser similar to that in a diode detector.
The incoming modulated r-f carrier is applied to the crystal rectifier
and the network (in which R is the resistance of the phones) charges
and discharges at the audio modulating rate through the phones and
thus causes an audible output. Crystals are relatively unstable, and so
are not used today except for emergency use. Refer also to Question
3.130, since the crystal and the diode behave similarly as detectors. A
diagram of a very simple crystal receiver is given in question 6.563.

Q. 3.231. Why is rosin used as soldering flux in radio construction
work?

A. Rosin is non-corrosive, allows a perfect soldering bond to be
made, and possesses good insulation qualities.

D. It is important that a soldering flux be a good insulator so as
not to offer a conductive path for current in various circuit elements.
Acids or salts may affect some components so that no amount of clean-
ing will remove all traces of the material. Noise and erratic operation
may result, and the parts concerned must be replaced.

Q. 3.232. What is meant by an “harmonic”?
A. An harmonic is a whole multiple of an original frequency, called
the fundamental. Thus, if the fundamental frequency is 1 megacycle,

the second harmonic is 2 megacycles, and the third harmonic is 3
megacycles,

Q. 3.233. Why should all exposed metal parts of a transmitter be
grounded?
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A. For protection of personnel handling the equipment.

‘F!"F‘

D. Metal parts or a transmitter which are not grounded frequently

build up a charge which may be at a rather high potential above ground.
Thus anyone coming in contact with such metal parts and ground may
receive a dangerous shock. Grounding of all metal parts also greatly
reduces electrostatic coupling between units.

Q. 3.234. What is the difference between electrical power and elec-
trical energy?

A. Electrical power is the rate of doing work (the rate of expend-
ing energy) by electricity. Electrical energy is the capacity or ability to
accomplish work by electricity. (“Work” in this sense includes pro-
duction of heat, or conversion into any other form of energy.)

D. Electrical power is measured by a unit called the warz. One watt
is the power expended in heat in a circuit when a current of one am-

pere (6.28)X108 electrons per second) flows through a resistance of
one ohm. One watt is one joule per second.

Electrical energy is measured by a unit called the josle. Energy in
electrical circuits is transferred into the form of heat. A joule is the
amount of energy expended in moving one coulomb (6.28 X 10'8) of
clectricity through a resistance of one ohm. One joule = .7376 ft.
pound; 3600 joules = 1 watt-hour.

Q. 3.235. How can the direction of flow of DC electricity in a con-
ductor be determined?

A. By means of a magnetic compass and the application of the
“left-hand rule.”
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D. The magnetic compass is held either above or below the con-
ductor. The pointer of the compass will tend to line up at right angles
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to the conductor in the direction of the magnetic field. The fingers of
the left hand are curved around the conductor in the direction of the
compass pointer. The thumb now points in the direction of the electron
flow.

A simpler and more obvious means would be to connect an ammeter
vith marked polarities in series with the circuit so that the needle de-
flected properly. The direction of electron flow would then be from
minus to plus through the meter.

Note that the “conventional” direction of current flow is opposite to
direction of electron flow.

Q. 3.236. What instrument measures electric power?
A. A wattmeter measures electrical power.
D. See Question 3.183.

Q. 3.237. What instrument measures electrical energy?
A. A watt-hour meter measures the expenditure of electrical energy.

D. The operating principle of an a< watt-hour meter is usually that
of the induction motor. The torque developed in the motor at any in-
stant is proportional to the power passing through the meter at that
instant, since it is produced by the combined action of a series (current)
field, and a shunt (voltage) field. (Power == E X I X Power-Factor.)
An aluminum disk is attached to the motor shaft and revolves between
the poles of two permanent magnets. As the meter operates, eddy cur-
rents are set up in the aluminum disk which produce a resisting force
and tend to limit the speed of the motor. For any given power being
consumed, this resisting force and the driving torque are equal. Since
driving torque is proportional to power, and resisting force is propor-
tional to speed, the result is that the speed is proportional to the power.
Attached to the motor shaft is a gear-and-dial mechanism which oper-
ates the various pointers indicating the energy consumed, which is the
product of elapsed time and power in terms of watt-hours and fractions
of watt-hours.

Q. 3.238. What is an electron? An ion?

A. An electron is a minute subdivision of matter, having the small-
est known unit of a megarive electric charge. Electrons are ordinarily
tound as an essential part of the structure of an atom; they are about
1/2000 as massive as the smallest atom. Electrons having like charges
have a tendency to repel each other. An ion is an atom or a chemical
group of atoms, which has either an excess or a deficiency of electrons.

D. Ions are commonly thought of as being positive in electronic cir-
cuit and vacuum tubes. Here it is usually a case of an atom being
struck by a moving clectron, the impact liberating one or more electrons
from the atom. This leaves the atom with a net positive charge and it
is then called a positive ion. There are also negative ions, which are
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atoms containing an excessive number of electrons. These negative ions
are more commonly found in electrolyte solutions.

Q. 3.239. With respect to electrons, what is the difference between
conductors and non-conductors?

A. A good conductor has a large number of “free” electrons. while
an insulator or non-conductor has very few free electrons.

D. In any substance, the outer ring of electrons of an atom of that
substance determines its electrical characteristics. If the outer ring is
lightly bound to the atom, it is possible that one or more electrons in
the outer ring will leave the atom without much urging from an ex-
ternal source. Such an electron is called a “free” or conduction
clectron. If many of these electrons are present within a substance, their
movement under an applid emf constitutes an electric current, and the
substance is then a good conductor. On the other hand, if there are very
few of these “free” electrons, the current will be extremely small; in
such a case, the substance is called an insulator or non-conductor.

Q. 3.240. Describe an electrolyte.
A. An clectrolyte is a liquid capable of conducting electricity, but
which undergoes decomposition while so doing.

D. Pure water is a very good insulator. However, when a small
quantity of acid, a base, or a salt is added to the water it becomes a
fairly good conductor. When the added substance goes into solution it
is dissociated into positive and negative ions. For example with a salt
solution, positive ions of sodium and negative ions of chlorine are
formed. Electrolytes find their greatest usefulness in plating solutions,
in electrolytic capacitors, and in batteries, and are almost always water
solutions.

Q. 3.241. What is an “A” battery? A “B” battery? A “C” battery?

A. An “A” battery is used for filament power, a “B” battery for
plate and screen power, and a “C” battery for a grid bias voltage.

D. Basically, all of these batteries are alike, except that they are
specifically constructed to serve a particular function. An “A” battery
must supply considerable current at low voltages and thus the cells are
few in number and large in plate area. A “B” battery must supply a
relatively low current at a much higher voltage and thus consists of
many small cells. A “C” battery usually is not called upon to supply
any current but maintains a particular d- potential; it is similar to a
“B” battery.

Q. 3.242. What are the lowest radio frequencies useful in radio
communication ?

A. The lowest useful radio frequencies are in the order of 15
kilocycles.
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D. These frequencies are usually produced by high speed mechani-
cal generators. These generators are capable of producing very large
output powers. Such very low frequencies are not used much at pres-
ent, because of the size of antenna required to radiate a significant
amount of power.

Q. 3.243. What radio frequencies are useful for long distance com-
munications requiring continuous operation?

A. The most reliable frequencies for long distance radio communi-
cation are in the low frequency range in the order of 15 kilocycles.

D. Communication at these low frequencies is usually accomplished
bv means of ground waves. This requires the generation of extremely
high power outputs for reliable and continuous operation. (See also
Question 3.242.)

Q. 3.244. What frequencies have substantially straight-line propaga-
tion characteristics analogous to that of light waves and unaffected by
the ionosphere?

A. These frequencies are the so called ultra-high and micro-wave
frequencies ranging from about 50 to 30,000 megacycles, or higher.

D. Microwave systems may employ parabolic reflectors in conjunc-
tion with the antenna. The parabolic reflector has substantially the same
effect on radio waves that the reflector of a searchlight has on light
waves, It directs the radio waves in substantially straight “beams.” At
these frequencies the ionosphere layers have very little effect upon the
waves, which apparently pass directly through it, without being re-
fracted or reflected to any appreciable degree.

Q. 3.245. What effect do sun spots and aurora borealis have on
radio communications?

A. The effect of sun spots on low frequency radio communication
has been analyzed by the Bureau of Standards. It appears that on an
average yearly basis the received trans-Atlantic signals increased in
strength in proportion to the degree of sun spot activity. These corre-
lations were made on the basis of the so called 11-year cycle of sun spot
activity,

Disturbances in the earth’s magnetic field (magnetic storms) are fre-
quently accompanied by a display of aurora borealis. When this occurs,

sky wave transmission may become impossible on high frequencies.
“Fadeouts” may be caused by sudden disturbances on the sun and are

characterized by the rapid disappearance of skywaves. These occur only
in daylight and are comparatively short lived. In general, sun spot and
aurora borealis activity are accompanied by an instability of receiving
conditions. The low frequencies seem to be the least affected.
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Q. 3.246. What type of modulation is largely contained in “static”
and “lightning” radio waves?

A. “Static” and “lightning” radio waves are mostly amplitude mod-
ulated.

D. While some frequency modulation is also present in static and
lightning radio waves, the majority of the modulation components are
amplitude modulated. Most of these waves are also vertically polarized.
Polarization of a radio wave is determined by the direction of the elec-
trostatic field. Antennas which are horizontally polarized reject to some
extent interference caused by static and lightning radio waves.

Q. 3.247. What type of radio reccivers do not respond to static in-
terference?

A. There is no receiver which is entirely unresponsive to static in-
terference.

D. There are two general types of interference which tend to ob-
scure the desired signal in radio receivers. These are (1) static inter-
ference, both atmospheric and man-made, and (2) tube noises. Both
types of interference are present in AM and FM receivers. However.
ordinary AM broadcast receivers have no special provisions to cause the
effects of such interference to be minimized in the output. On the other
hand, FM receivers have very little sensitivity to such interference, be-
cause of the use of circuits such as the ratio detector and de-emphasis
network, and others. See discussion under Question 3.498.

Q. 3.248. What crystalline substance is widely used in crystal oscilla-
tors?
A. The most widely used crystalline substance is quartz.

D. Certain crystalline substances such as quartz, rochelle salts, and
tourmaline have a property known as piezo-electricity. If a pressure is
applied to such a substance along one of its axes, a potential difference
is developed across another axis. Conversely, a potential difference ap-
plied across one axis produces a mechanical displacement along another
axis. This phenomenon is known as the “piezo-electric effect.” Of all
the various substances, quartz is the most generally satisfactory for use
in oscillators.

Q. 3.249. Why is the crystal in some oscillators operated at constant
temperature?

A. To maintain a constant frequency output from the oscillator.

D. There are many different types of crystal cuts in use each having
its own stability characteristics. Most of these change their operating
frequency in varying degrees, with changes of operating temperature.
Where extreme frequency stability is desired, the crystal may be kept
in a constant-temperature oven. See Question 3.421.
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Q. 3.250. What is meant by “negative temperature coefficient” of a
quartz crystal when used in an oscillator?

A. This indicates that the frequency of the crystal will decrease with
an increase of temperature, and increase with a decrease of temperature.

D. See Question 3.417.

Q. 3.251. What is the seventh harmonic of 360 kilocycles?

A. The seventh harmonic of 360 kilocycles is 2520 kilocycles.

D. The seventh harmonic is simply the seventh multiple of the fund-
amental frequency.

360 X 7 == 2520 kilocycles.

Q. 3.252, Describe the directional characteristics of the following
types of antennas: (a) Horizontal Hertz Antenna, (b) Vertical Hertz
Antenna, (c) Vertical Loop Antenna, (d) Horizontal Loop Antenna,
(e) Vertical Marconi Antenna.

A. (a) Horizontal Hertz antenna has a bi-directional pattern which
is broadside to the antenna. There is minimum radiation or reception in
the direction of the ends on the antenna, and maximum radiation in the
broadside directions, or at right angles to the line of the antenna.

(b) A vertical Hertz antenna has a pattern which is non-directional
with regard to all compass points. It has minimum radiation or recep-
tion vertically.

(c) A vertical loop antenna has a bi-directional pattern which is
maximum in the directions in the plane of the loop, and minimum in
the directions broadside to the loop. (See Question 6.648.)

(d) A horizontal loop antenna is non-directional along the plane of
the loop. It has minimum radiation or reception vertically.

(e) A vertical Marconi antenna has a non-directional pattern and
minimum radiation or reception vertically. (See Question 6.649.)

Q. 3.253. What is meant by the efficiency of a radio device?

A. The efficiency of a radio device is the ratio of the useful power
output to the power input. If a percentage figure is desired, the ratio
is multiplied by 100.

D. For example, find the efficiency of a class C amplifier if the car-
rier output power equals 100 watts and the d input equals 133 watts.

100

Efficiency —= 133

X 100 = 75%,

Q. 3.254. What form of energy is contained in a sound wave?
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A. Sound wave energy is actually composed of the two general forms
of energy, potential and kinetic. Sound, or acoustical, energy is a form
of mechanical energy.

D. Sound waves are composed of air vibrations; kinetic energy com-
ponents are due to the motion of the molecules; potential energy com-
ponents are due to the elastic properties of air, appearing at compression
and rarefaction.

Q. 3.255. What characteristic determines the pitch of a sound?

A. The “pitch” of a sound is determined by the fundamental fre-
quency together with the various harmonic frequencies which combine
to make up the sound. The fundamental frequency is usually by far
the most important in determining pitch.

D. Many notes on a piano except for the very low tones are made up
of three strings. These strings are actually tuned to slightly different fre-
quencies to produce a single note, and are adjusted to give the most
pleasing combination of fundamental and harmonic frequencies.

Q. 3.256. How many micromicrofarads are there in one microfarad?

A. There are one million micromicrofarads in one microfarad.

D. The prefix “micro” means to take one millionth of whatever
quantity follows.

Q. 3.257. What is the difference between a milliwatt and a kilowatt?

A. A milliwatt is one thousandth of a watt, and a kilowatt is one
thousand watts.

D. The prefix “milli” means to take one thousandth of whatever
quantity follows.

The prefix “kilo” means to multiply by 1,000 times whatever quan-
tity follows.

Q. 3.258. What precaution should be observed when connecting
electrolytic condensers in a circuit?

A. The correct polarity must be observed when connecting elec-
trolytic condensers in a circuit.

D. Electrolytic condensers go through a forming process which es-
tablishes a dielectric film of an oxide upon the positive aluminum plate.
If the polarity connections are reversed, the diclectric film is destroyed,
and the condenser becomes practically a short circuit.

Q. 3.259. Show by a diagram how to connect battery cells in series.
A. See the figure.
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Q. 3.260. Show by a diagram how to connect battery cells in parallel.
A. Sec the figure.
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Fig. 3.260. Paral-
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bartery cells.

Q. 3.261. What material is used in the electrodes of a common dry
cell?
A. In the usual type of dry cell, the negative electrode is made of

zinc and the positive electrode is made of carbon.
D. See Question 3.151.

Q. 3.262. If the period of one complete cycle of a radio wave is
0.000001 sccond, what is the wavelength?
A. The wavelength is 300 meters.

1
*~000001

300,000,000 __ 300,000,000
Wavelength — Frequency — 1,000,000 — 300 meters.
See discussion under Question 3.306.

Q. 3.263. Compare the selectivity and sensitivity of the following
types of receivers: (a) Tuned radio frequency receiver. (b) Superre-
generative receiver (c) superheterodyne receiver.

A. In the order of selectivity, the receivers are: superheterodyne,
tuned radio frequency and superregenerative.

In the order of semsitivity, the receivers are: superheterodyne, super-
regencrative, and tuned radio frequency.

D. The superregencrative receiver is extremely sensitive, considering
the number of amplifiers used. However, its tuning is extremely broad,
due mainly to the fact that the oscillations take place on varying fre-
quencies (frequency modulation).

Q. 3.264. What type of radio receivers contain intermediate frequen-
cy transformers?

D. Frequency =—— = 1,000,000 cycles, or 1 megacycle.
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Fig. 3.264. Block diagram of superbeterodyne receiver.

A. “Superheterodyne” receivers contain intermediate frequency
transformers.

D. A block diagram of a superheterodyne receiver is shown in the
figure. Basically the operation of the type of receiver is as follows: The
incoming signal from the transmitting station is picked up by the an-
tenna and amplified by the r-f amplifier, after which it is applied to
the grid of the mixer stage (lIst detector). A locally generated signal
produced by the “local oscillator” is also applied to the input of the
mixer stage, either to the same grid as the incoming signal, or to

-another grid depending upon the type of tube used. The mixer is

operated basically as a “plate” or “power” detector and as a result of
its non-linear operation, a number of frequencies will be present in the
mixer plate circuit. These include the two original frequencies, their
sum and difference, and various harmonics. Audio frequencies are also
present as can be ascertained by connecting a pair of high impedance
head phones into the mixer plate circuit. The “intermediate frequency”
tuned circuits select one frequency for amplification, which is usually
the difference frequency between the local oscillator and incoming
signal frequencies. This frequency is then amplified by the i-f ampli-
fiers and applied to the “second detector,” usually a diode, and detected
and amplified in the usual manner. Advantages of a superheterodyne
are good selectivity and sensitivity combined with good stability of the
receiver. Disadvantages are complication of circuits and possible recep-
tion of “image” frequencies. See also Question 3.273 for further dis-
cussion of the mixer stage, and Question 6.587 for a complete schematic
diagram. Question 3.492 gives a block diagram of a superheterodyne
receiver for f-m signals.

Q. 3.265 What type of radio receiver is subject to image interfer-
ence?

A. A “superheterodyne” receiver is subject to image interference.

D. The intermediate frequency delivered by the first detector, and
selectively amplified by the i-f stages, is the difference between the in-
put signal frequency and the oscillator frequency. There are two signal
frequencies which will give the same intermediate frequency for a
given oscillator frequency—one higher, and one lower than the oscil-
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lator. The input system is designed to select one and reject the other;
but it sometimes happens that, due to misalignment of the receiver or
to a very strong signal that the unwanted signal will get through to the
first detector. When this happens, it causes an intermediate frequency
signal which passes through the receiver normally. Such a signal is
called “image interference.” An incoming signal causing image inter-
ference is twice the intermediate frequency above or below the fre-
quency to which the receiver is tuned, depending on whether the oscil-
lator frequency is designed to be above or below that of the desired
signal. See Question 3.354 for a numerical example.

Q. 3.266. What type of radiotelephone receiver using vacuum tubes
does not require an oscillator?

A. A tuned radio frequency receiver requires no oscillator for the
reception of radiotelephone signals.

D. A “tuned radio frequency” receiver does not have intermediate
frequency stages. The original incoming signal frequency is amplified
without change until detected, or demodulated. A regenerative receiver
is in a non-oscillating condition during the reception of radiotelephone
signals, and functions in a manner similar to the tuned radio frequen-
cy receiver with the exception that some of the output is returned “in
phase” to the input circuit, thereby improving the sensitivity and
selectivity of the receiver.

Q. 3.267. Describe the operation of a regenerative type recciver.

A. The usual type of regenerative receiver consists of a single stage
regenerative detector followed by suitable audio amplification. The de-
tector is basically a grid-leak type, with provision made for feeding
back a controllable amount of “in phase” r-f voltage to the grid circuit.
A circuit is shown in Question 3.89. It will be noted that this circuit
is almost the exact duplicate of the Armstrong oscillator (Question 3.75),
the most significant exceptions being that the amount of feedback in
the regenerative detector is variable, and that an external carrier fre-
quency is applied to its grid circuit. By providing a controllable amount
of rf feedback (regeneration), the incoming carrier can be amplified
many times more than in an ordinary r-f amplifier, thereby greatly in-
creasing both the sensitivity and selectivity of the detector. Briefly the
operation is as follows: An incoming r-f carrier is coupled into the
tuned grid circuit and applied to the grid. It is then amplified in the
usual manner. However, a controllable portion of the plate signal is
coupled back into the grid circuit, in phase with the original grid sig-
nal thus actually amplifying the original input signal and providing a
greater output signal in the plate circuit.

Q. 3.268. How may a regenerative type receiver be adjusted for max-
imum sensitivity?
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A. Maximum sensitivity in a regenerative receiver is obtained at a
critical point, which is the condition where the circuit is just about to
oscillate. In practice the station is tuned in with the receiver in the os-
cillating condition. The regeneration control is then slowly backed off
until the receiver just breaks out of oscillation and it also below the
“fringe howl” point.

D. “Fringe howl” may be caused by the receiver breaking in and
out of oscillation at an audible rate. See Questions 3.200 and 3.267.

Q. 3.269. What effect does the reception of modulated signals have
on the plate current of a grid-leak grid-condenser type of detector? On
a grid bias type of detector?

A. (a) For any fixed value of modulated carrier wave strength,
the instantaneous values of plate current in a grid leak detector vary in
accordance with the modulation component of the carrier wave. If the
carrier is unmodulated, the plate current will be unvarying and will be
in inverse proportion to the strength of the carrier wave. The average
value of plate current varies in inverse proportion to the strength of the
modulated carrier wave applied to the grid circuit.

(b) In a grid bias detector, detection takes place in the plate circuit,
and thus there are two main frequency components in the plate cur-
rent, the r-f and the audio (or other modulation) components. Due to
the action of the plate circuit filter the average plate current has the
same characteristic variation as the modulation component of the car-
rier wave. The average d< plate current varies in proportion to the
strength of the applied signal. In a grid bias (plate or power) detector
responding to weak signals the plate current varies as the square of the
applied grid signal voltage. With strong input signals the relationship
is approximately linear.

Q. 3.270. What is meant by double detection in a receiver?

A. “Double detection” is the process whereby the original carrier
frequency is reduced to a lower frequency and amplified before being
applied to a “second detector” where the modulation components of the
carrier wave are extracted.

D. “Double detection” is the process used in superheterodyne re-
ceivers. (See Question 3.269.) Here the original incoming carrier signal
is appiied to the first detector (mixer), together with a locally generated
oscillating signal, usually at a higher frequency. Since the first detector
is operated in a non-inear fashion, various frequencies will appear in
its plate circuit. The most important of these frequencies are: (1) The
two original frequencies, (2) their sum, (3) their difference, (4) various
harmonics. The desired detected signal, which is usually the difference
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frequency, is selected by means of the intermediate frequency trans-
formers and amplified. This lower intermediate frequency still contains
the modulation components. The intermediate “carrier” frequency after
being amplified is then applied to a second detector and detected in
the usual manner. See also Question 3.273.

Q. 3.271. What is the purpose of a wave trap in a radio receiver?
A. In general, the purpose of a wave trap is to prevent the effects of
any undesired frequencies from appearing in the output of a receiver.

D. An additional function of wave traps as found in some television
receivers is to assist in the shaping of the proper bandpass characteristic
of the picture i-f section. Three simple wave traps, to keep unwanted
signals from entering the receiver, are given in Question 3.513.

Q. 3.272. What is the purpose of an oscillator in a receiver operating
on a frequency near the intermediate frequency of the receiver?

A. The function is to “beat” with the intermediate frequency in
the second detector and produce an audible beat note.

D. This oscillator is commonly called a “beat frequency oscillator.”
The main function of a beat frequency oscillator is to make it possible
would otherwise be heard at the output of a receiver as a series of hiss-
ing sounds or perhaps “thumps,” which would be very difficult to in-
terpret and easily obscured by noise. When the beat frequency oscillator
is turned on, a high pitched audible note is produced which is relatively
easy to “read.”

Q. 3.273. Explain the purpose and operation of the first detector in
a superheterodyne receiver.

A. The purpose of the first detector is to act as a mixer by operating
in a non-linear fashion and providing the action which produces the
desired intermediate frequency.

D. If wwo frequencies are applied to a perfect class A amplifier,
there will be no beating action in the tube, and the only frequencies
available in the output circuit will be the original two frequencies. This
is because a perfect class A amplifier is a linear circuit. In order to pro-
duce “beating” which is necessary for detection or modulation, the two
frequencies must be combined in a non-linear device. Such a non-linear
characteristic may be ebtained, for example, by operating a vacuum tube
on the non-linear portion of its characteristic. This is exactly what is
done in the first detector of a superheterodyne (and the second detector
as well). The first detector is operated with a relatively large bias, so
that the operation takes place along the lower curved portion of the
tube characteristic. If two different frequencies are introduced into such
a non-linear device, a distortion of the input voltages will take place so
that new frequencies are produced in the plate circuit, which were not
originally present in the input circuit. These are mainly: (1) the sum
of the two original frequencies, (2) the difference between the two
original frequencies, (3) various harmonic trequencies. In addition, the
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two original frequencies will also be present in the plate circuit of the
first detector. The desired frequency, which is usually the difference
frequency in radio receivers, is selected and amplified by the inter-
mediate frequency amplifiers. See Questions 3.270 and 3.275.

Q. 3.274. What is a “getter” in a vacuum tube?

A. A “getter” in a vacuum tube is a material which is “flashed” by
the application of heat after the tube is evacuated, and absorbs any gases
semaining inside of the tube.

D. Many “getters” are made of a compound of barium, a common
one being barium berylliate. The getter in glass tubes is usually flashed
by the application of radio frequency heating. This method is not ap-
plicable to metal tubes due to the shielding effect of the outer metal
covering. In the case of metal tubes a tantalum ribbon is formed into
the shape of a trough and filled with barium berylliate. The ribbon is
welded between the ground pin of the octal base and the metal shell. A
current is sent through the tantalum between the shell and the pin,
causing the barium berylliate to react with the tantalum, producing
free barium. It is the condensed barium which produces the mirror-like
surface on the glass envelope of some tubes. It is the barium vapors
which react with any remaining gases, forming a solid deposit.

Q. 3.275. What is “space charge” in a vacuum tube?

A. “Space charge” is a charge due to the accumulation of negative
electrons in the space between certain vacuum tube elements.

D. In a diode which is not operating under saturation conditions,
it will be found that a “cloud” of electrons exists between the cathode
and the plate; the cloud is concentrated in a thin layer immediately
surrounding the emitting surface. This cloud of electrons is called the
“space charge” and exists due to the inability of the plate potential to
attract all of the electrons leaving the emitter. The space charge has a
negative potential and partially cancels the effectiveness of the plate
potential in attracting electrons. Under conditions of equilibrium it is
found that the space charge is continuously returning electrons to the
emitter as well as receiving them from the emitter so that the total
space charge remains constant.

In beam power tubes the space charge effect produces a ncgative
gradient of potential at the plate that eliminates the necessity of utiliz-
ing a suppressor grid to reduce secondary emission from the plate.
Beam power tubes are constructed so that the wires of the control and
screen grids lie in the same plane. This causes the electrons to move in
concentrated layers. The screen-plate distance is considerably greater
than in conventional screen grid tubes, and so called “beam forming”
plates are employed, at cathode potential, to assist producing the desired
“beam” effect.

Q. 3.276. Explain the operation of a triode vacuum tube as an am-
plifier.
A. A triode tube amplifies by virtue of the fact that the control grid
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has a much greater degree of control upon the space charge, than the
plate, for any given applied potential.

D. Consider first the conditions existing in a diode. Assume that
the plate voltage is zero and that the cathode is properly heated. Elec-
trons will be emitted by the cathode, and attracted back to the cathode
in such a way that an electron “cloud” of constant density will form
around the immediate vicinity of the cathode. This “cloud” is called the
space charge. If a relatively low positive potential is applied to the plate
(with respect to the cathode), the plate assumes a positive charge, as
in any condenser, and an electrostatic field will exist between the plate
and cathode. The forces acting in this field will be in such a direction
as to urge electrons to move toward the plate and away from the space
charge. With a low value of plate voltage applied, the forces will be
relatively weak and a comparatively small number of electrons will
move into the plate and form in the external circuit a small value of
plate current. If the plate voltage is increased, the positive charge of
the plate will also be increased and this in turn will increase the forces
" acting in the electrostatic field. More electrons will be removed fromn
the space charge during any given period of time (and replenished from
the cathode emission) and thus cause an increased plate current. On the
other hand if the original plate voltage were maintained, but the spac-
ing between the plate and cathode were reduced, the plate current would
again be increased and in inverse proportion to the spacing. (‘This would
be similar to decreasing the spacing between the plates of a condenser
and thereby increasing its charging capabilities by increasing its capa-
citance.) A simple expression which describes the electrostatic forces

acting upon the space charge is F = i—, where F is the force actin
= g 3004 &

upon the space charge and is measured in dynes (one dyne — 1/28,000
ounce), E is the potential difference between cathode and plate, and 4
is the plate-tocathode spacing in centimeters. The formula shows that
the electrostatic forces acting upon the space charge (and producing
plate current) vary directly as the applied plate potential, and inversely
as the plate-tocathode spacing. For example, if the plate potential and
the plate-tocathode spacing were simultaneously cut in half, the plate
current would remain unchanged. If the plate-tocathode spacing were
reduced to 1/10 of its original distance, the original plate current mag-
nitude could be maintained with only 1/10 of the original plate potential.
In other words, for any given applied potential, the degree of control
which an electrode possesses with regard to the space charge increases
as the electrode is brought closer to the space charge.

The triode has three elements: a cathode; a plate, which is relatively
distant from the cathode; and a grid located quite close to the cathode.
The grid might be considered to be another plate, but so constructed
as to permit the passage of electrons through its wires. The fact that
the grid is located so much closer to the cathode than the plate means
that, for a given applied potential, the grid will exert a much greater in-
fluence upon the space charge and plate current than the plate. Thus a
relatively small change of grid voltage is capable of producing a large



L]
112 RADIO OPERATOR’S Element II1

change th pfate current (see definition of transconductance, Question
4.182). ¥f an impedance is placed in series with the plate current flow,
a relatively large voltage drop will appear across its terminals for each
small change of grid potential. Thus, the tube is able to amplify because
the control electrode (grid) is placed relatively close to the space in
comparison to plate.

Q. 3.277. What is the approximate efficiency of a Class A vacuum
tube amplifier? Class B? Class C?

A. (a) For aclass A triode the approximate efficiency is 20%,. For
a class A tetrode or pentode the approximate efficiency is 30%.

(b) For class B the efficiency may be as high as 60%.

(c) For class C the efficiency may be as high as 85%.

Q. 3.278. Does d-c grid current normally flow in a Class A amplifier
employing one tube?

A. In the usual class A amplifier there is no grid current.

D. Where minimum distortion is desired, the a< voltage applied to
a class A amplifier must have a positive peak value which will not cause
grid current to exist, and a negative peak value which will not cause the
late current to be cut off for any part of the input cycle. The interval

tween the grid current point and the plate cut-off point determines
the maximum peak-to-peak saving of the input signal; the d- bias
locates the center of swing at the proper operation point. The number
of tubes used in a class A amplifier is immaterial as far as the existence
of grid current is concerned. See Question 3.125.

Q. 3.279. Why must some radio frequency amplifiers be neutralized?

A. In order to prevent sustained oscillations from occurring in the
amplifier.

D. If an rf amplifier is operated with its plate and grid circuits
tuned to approximately the same frequency, there is a strong likelihood
that the amplifier will act as a tuned-grid tuned-plate oscillator., This is
particularly true of triode amplifiers, where the value of grid-to-plate
capacitance is relatively large; this would cause large energy feedback
from the plate to the grid circuit, and thus permit sustained oscillations
to occur. The problem is less serious in tetrodes or pentodes, where the
grid-to-plate capacitance is much smaller. Question 3.312 includes a
full discussion of several methods of neutralizing.

Q. 3.280. Describe how a vacuum tube oscillates in a circuit.

A. The term “vacuum tube oscillates” is a slang expression in radio,
and is not meant to indicate that the tube itself oscillates, which would
not be true. All oscillators (except relaxation types) require a tuned
circuit made up of inductance and capacitance for their operation. It
is this tuned circuit which is actually the oscillator. The frequency of
an oscillator with reasonably high Q (greater than 10) is found from
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th ximate formula f — —————, where f is in cycles, L is in
¢ approximate formula f vic f y

henrys, and C is in farads. A conventional type of oscillator operates as
follows: when the power switch is turned on, high-frequency current
surges pass through the tuned circuit (tank) and shock-excite it into
oscillation. If no means were provided to make up energy losses, this
oscillation would gradually die out at a rate which would be propor-
tional to the Q of the tank, and the resultant wave train would be called
a “damped wave.” In order to produce sustained oscillations, it is nec
essary that the losses which occur in the tuned circuit be replenished
from the power supply by means of a vacuum tube. These losses are
mainly due to: (1) d< resistance, (2) a< resistance (skin effect), 3)
coupling into a load, (4) grid power requirements, (5) radiation.

The function of the vacuum tube is to act as a valve which releases
pulses of energy into the tank circuit in the correct phase. This energy
is usually applied indirectly to the tank circuit by means of a feedback
network. These networks usually consist of inductive or capacitive
coupling elements which connect the tube with the tank circuit. Many
oscillator tubes operate as class C amplifiers and are “cut off” for a
large percentage of each cycle. When the potential at the grid side of
the tank circuit is passing through its most positive values, the class C
bias is overcome and the tube is permitted to conduct for a short period
of time, feeding energy into the tank circuit. It should always be borne in
mind that the tube itself is zoz the oscillator; the tuned circuit s.

Q. 3.281. Is the d< bias normally positive or negative in a Class A
amplifier?

A. The d< bias in a class A amplifier is usually negative as meas-
ured at the grid with respect to the cathode.

D. The same is also true of class B and class C operation. There is
a so called “zero bias” tube, such as the 6N7, which operates sub-
stantially class B with zero bias between grid and cathode. “Bias” is the
grid potential with respect to the cathode. It should theoretically be
measured between the elements. There are cases when this is not prac-
tical, as for example with cathode bias, and a high resistance from grid
to ground; in this case, the meter may cause a voltage drop through the
resistor, giving a false reading.

Q. 3.282. What is the composition of filaments, heaters, and cathodes
in vacuum tubes?

A. (a) Filaments are usually made of thoriated tungsten.

(b) Heaters are made from tungsten wire.

-

v
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(c) Cathodes are made of a hollow nickel cylinder, coated on the
outside with thorium oxide.

D. See Question 3.99.

Q. 3.283. What is the direction of electronic flow in the plate and
grid circuits of vacuum tube amplifiers?

A. (a) The direction of electron motion in the plate circuit of an
amplifier is as follows: (1) Series fed amplifier. From cathode to
plate, through the load impedance, through the power supply and back
to the cathode. (See Question 3.306.) The a< component path is sim-
ilar except that the power supply impedance is bypassed by a condenser.
(2) Shunt fed amplifier. From cathode to plate, through the plate
choke coil, through the power supply, and back to the cathode. The ac
component path is from cathode to plate, through the plate blocking
condenser, through the load impedance to ground, and back to the
cathode.

(b) The direction of grid current is from cathode to grid, through
the grid condenser (if any), through the grid driving circuit, through
the grid bias bypass condenser (if any), and back to the cathode.

Q. 3.284. Draw a diagram showing a method of obtaining grid bias
to an indirectly heated cathode type vacuum tube by use of a resistance
in the cathode circuit of the tube.

A. See the figure.

Fig. 3.284. Tube
bias by cathode- Y
resistor method.

£

<
5» LOAD

1
—
.

Q. 3.285. Draw a diagram showing a method of obtaining grid bias
to a filament type vacuum tube by use of a resistance in the plate cir-
cuit of the tube.

A. See the figure.
Q. 3.286. What is the impedance of a solenoid if its resistance is 5

ohms, and 0.3 ampere flows through the winding when 110 volts at
60 cycles is applied to the solenoid?



Element ITI LICENSE Q & A MANUAL 12t

INPUT
Fig. 3.285.
Tube bias by
series plate-re-
turn  resistor.

=
A. The impedance is 367 ohms.
D. To find the impedance use the formula Z =—IIE=L3O = 367

ohms. The resistance and frequency are given but are not needed to
solve this problem; they would be required to find the reactance and
inductance.

Q. 3.287. What is the conductance of a circuit if 6 amperes flow
when 12 volts d.c. is applied to the circuit?

A. The conductance is .5 mho.

D. The conductance, G, of a circuit is the ratio of current to vol

. 1 6
tage. In this case, G=F=ﬁ = 0.5 mho.

Q. 3.288. What is the relationship between the cffective value of a
radio frequency current and the heating value of the current?

A. The effective value (rms) is the same as the heating effect of an
r-f current.

D. The effective value of an a< current is that value which would
cause the same heating effect as a d< current of the same nominal
value.

Q. 3.289. What safety precautions should a person observe when
making internal adjustments to a television recciver to avoid personal
injury?

A. Most modern television receivers utilize Kinescope accelerating
potentials which may be as great as 30,000 volts (projection receivers).
Therefore, great care should be taken to discharge any high voltage
(and low voltage) condensers with a well-insulated screwdriver before
attempting to make any internal adjustments.

D. The high voltage condenser is not always obvious. For instance
in receivers using a 10BP4 Kinescope tube, the high voltage condenser
is actually part of the tube, being graphite coatings on the inside and
outside of the glass forming the sides of the tube. Before attempting to
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remove such tubes, care should be taken to discharge the high voltage
condenser. Never trust a bleeder.

Q. 3.290. With measuring equipment that is widely available, is it
possible to measure a frequency of 10,000,000 cycles to within one cycle
of the exact frequency?

A. Tt is not possible with widely available equipment.

D. This would require an accuracy of one part in ten million, or of

1
100.000° %. Such accuracy would be extremely difficult to obtain even

with the most expensive precision laboratory equipment.

Q. 3.291. Do oscillators operating on adjacent frequencies have a
tendency to synchronize oscillation or drift apart in frequency?

A. Oscillators which are operating on adjacent frequencies have a
tendency to synchronize oscillation or “lock-in.” The resultant frequen-
cy is usually that of the oscillator having the highest Q tank circuit.

Q. 3292. What form of energy is stored in lead-type storage bat-
teries?

A. Chemical energy is stored in a battery by the effect upon the
chemical composition of the plates and electrolyte.

D. The chemical energy produces, as a result, an electrical potential
energy between the terminals. Depending on the load, this may be con-
verted into one or more different forms of energy:

Mechanical (motor), magnetic (solenoid), heat, light, or even chem-
ical (plating, or charging a weaker battery.)

Q. 3.293. What precaution should be observed when using and stor-
ing crystal microphones?

A. Crysta: microphones, in use or in storage, should be protected
from shock, vibration, humidity, or very warm temperatures.

Q. 3.294. If a 1,500 kilocycle radio wave is modulated by a 2,000
cvcle sine wave tone, what frequencies are contained in the modulated
wave?

A. The following important frequencies are present: (1) 1500 k.,
(2) 1502 kc., (3) 1498 kc.

D. When a radio wave is modulated (or demodulated, or “beat”)
with another sine wave frequency in a non-linear system, new frequen-
cies are generated which were not originally present. The most import-
ant of the frequencies present are the two original frequencies, their
sum and difference, and various harmonic frequencies.

Q. 3.295. Why are laminated iron cores used in audio and power
transformers?
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A. To reduce eddy current losses in the iron core.

D. If the iron core is made of one solid piece of iron, the eddy cur-
rents will attain very large amplitudes, the IR losses in the core will
be excessive, and the effective inductance of the coil will be reduced.
In order to minimize this effect the core is made up of laminations,
which are thin, insulated layers of iron. The eddy currents have a much
higher resistance path in which to flow and consequently are much de-
creased in amplitude. See also Question 3.164.

Q. 3.296. What are cathode rays?

A. The term “cathode ray” usually applies to a fairly high velocity
electron beam, such as is found in cathode ray tubes. The effect of the
cathode rays is made visible by allowing the electrons to bombard a
a fluorescent screen.

Q. 3.297. Why is a high ratio of capacity to inductance employed in
the grid circuit of some oscillators?

A. To improve the frequency stability of the oscillator.

D. A major cause of oscillator “drift” is due to changes in the total
tuning capacitance of the oscillator. These include such factors as tube
capacitance, wiring capacitance, and reflected reactance. If the original
tuning capacitor is made relatively large, then any such capacity changes
will cause a smaller percentage change of the total capacitance than it
the original tuning capacitance were much smaller. Thus the percentage
of oscillator frequency change is less when the oscillator tank has a
high C to L ratio.

Q. 3.298. What is the purpose of a buffer amplifier stage in a trans-
mitter?

A. A buffer amplifier is used to improve the frequency stability of
the oscillator stage.

D. A buffer amplifier is located immediately following the oscilla-
tor. It has low gain and low Q circuits and draws no grid current. Thus
it presents a very high impedance load upon the oscillator and does not
affect the oscillator Q to any great extent. Any changes in tuning of
the succeeding amplifier or antenna stages have little or no effect upon
the output frequency of the oscillator. If a buffer amplifier were not

present, such tuning changes, or even motion of the antenna, might
change the oscillator frequency.

Q. 3.299. What determines the speed of a synchronous motor? An
induction motor? A d-c scries motor?

A. (a) The speed of a synchronous motor is determined by the
number of pairs of poles and the line frequency. (b) The speed of an
induction motor is determined by the number of pairs of poles, the fre-
quency, and to some extent, the load. (c¢) The speed of a d< series
motor is determined chiefly by the load.
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Q. 3.300. What is the total resistance of a parallel circuit consisting
of one branch of 10 ohms resistance and one branch of 25 ohms resis-
tance?

A. The total resistance is 7.14 ohms.

D. The most convenient formula to use when two resistances are in

RiRy 250
RITRz— 35 —7.14 obm:.

Q. 3.301. Draw a diagram of a resistance load connected in the plate
circuit of a vacuum tube and indicate the direction of electronic flow
in this load.

A. Seo the figure.

parallel is: Ry =

—
- t—
Fig. 3.301. Plate

Jf load of tube, and

RL electron flow.

B+

= = IB -
(Y

Q. 3.302. Indicate, by drawing, a sine wave of voltage displaced 180
degrees from a sine wave of current.

A. See the figure
VOLTAGE

Fig. 3.302. Voltage and current sine

\/\/ waves displaced 180°,

CURRENT

Q. 3.303. Show by a diagram how a voltmeter and ammeter should
be connected to measure power in a d-c circuit.

A. Sece the figure.
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er measurement with
voltmeter and am-
meter, = =

T
Fig. 3.303. D-c pow- 4 _J_ + ‘U 2
= LOAD
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Q. 3304. Indicate by a diagram how the total current in three
branches of a parallel circuit can be measured by one ammeter.
A. See the figure.

BRANCH ##1
Flg. 3.304. Meas- BRANCH #2 u‘,«‘
urement of rotal
current in a par-
allel circuiz, BRANCH #3

—O0 EMF O—

Q. 3.305. Draw a graph indicating how the plate current in a va-
cuum tube varies with the plate voltage, grid bias remaining constant.

A. Sec the figure. Curve A is for a pentode, curve 4’ is for a
tetrode, and curve B is for a triode.

CURVE *A"

Fig. 3.305. Typi-
plate-current-plate-  pa1el
voltage curves. ~ CURRENT

CURVE "B"

PLATE VOLTAGE —
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D. The function of the suppressor grid in determining tube char-
acteristics is plainly shown by comparing curves A and A’. The effect
of the screen grid is seen by comparing either curve A or A’ with
curve B.

Q. 3.306. Indicate, by drawing, two cycles of a radio frequency wave
and indicate wavelength thereof.

A. Sece the figure.

| WAVELENGTH |

| WAVEL L

! '(ALSO ONE
CYCLE)

]
| Fig. 3.306. Graph

VoV

D. One wavelength is the distance a wave will travel in the time
required for one cycle. See Questions 3.67 and 3.220.

Q. 3.307. Explain the purpose and methods of neutralization in
radio-frequency amplifiers.

A. The purpose of neutralization in a radio-frequency amplifier is
to prevent the amplifier from generating self-sustained oscillations, With-
out neutralization but with the tuned transformers customarily used,
the circuit usually will act as a tuned-plate tuned-grid oscillator. (See
Question 3.279.) Three common methods of neutralization are known
as: (1) Hazeltine or plate neutralization, (2) Rice or grid neutraliza-
tion, (3) Cross neutralization or push-pull neutralization.

D. Conventional triode r-f amplifiers with both plate and grid cir-
cuits tuned to the same frequency invariably require neutralization. The
reason for this is obvious when the r-f amplifier of Question 3.85 is
compared with the diagram of a tuned-grid tuned-plate oscillator as
shown in Question 3.69. Except for the neutralization connections, the
two circuits are identical. Feedback through C,, will cause the circuit
to oscillate. If the amplifier is permitted to oscillate, there will be sev-
eral undesirable effects: (1) Excessive plate current, (2) Overheating
with possible burnout of tube, (3) Possible damage to circuit parts,
such as meters, r-f chokes, etc. (4) Generation of spurious frequencies,
(5) Distortion of a modulated wave (if this stage is modulated) during
peaks of modulation. Since the tendency to oscillate is caused by an r-f
voltage applied through C,, to the grid, in phase with the original grid
voltage, then a bucking voltage must be provided which is equal in
amplitude and opposite in phase to the feedback through Cgjp. The
means of providing for such a bucking voltage is to tap the lower end

i
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of the plate tank circuit and feed this new voltage into the grid cir-

cuit. (1) A schematic diagram and equivalent bridge circuit of a plate-

neutralized amplifier are shown in parts (A) and (B) of the figure.

The currents flowing into the input circuit through C,, tend to cause
PLATE

q OUTPUT
Fig. 3.307(B). 7
Equsvalent bridge GRID =

2

circuit of a plate-
neutralized am-

plifier.

INPUT -l

oscillation. This effect is cancelled by oppoesing currents fed back to
the input circuit through C,. If the bridge is properly balanced (by ad-
justing C,), no oscillations can appear in the output circuit. The rela-
L C
ionshi lance is: —= <=
tionship for balance is L=0C,
(2) The schematic diagram and the equivalent bridge circuit of a
grid-neutralized r-f amplifier are shown in parts (C) and (D) of the
figure. This circuit operates in a manner similar to the plate neutralized
Ca
Cop
(3) Push-pull neutralization does not require the addition of any
special circuits other than the neutralizing condenser; a schematic dia-
gram is shown in part (E) of the figure. It can be considered to be &
form of plate neutralization. Advantage is taken of the fact that the
voltages on the two sides of a push-pull amplifier are of opposite polar-
ity, and thus automatically provide the correct phase relations for neu-
tralizing.

system. For a balance, %—: , as before.
b
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Fig. 3.307(E). Amplifier employing push-pull neutralization.
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Q. 3.308. In a circuit consisting of an inductance having a reactance
value of 100 ochms and a resistance of 100 ohms, what will be the phase
angle of the current with reference to the voltage?

A. The current will lag the applied voltage by 45°.

D. The phase angle is the angle whose tangent is equal to the in-
ductive reactance divided by the resistance or

6= tm—l%-z tan "‘%3—: tan—! = 45°.

Q. 3.309. What is the effective value of a sine wave in relation to
its peak value?

A. The effective value of a sine wave equals 0.707 X peak value.

D. The effective value of an a< sine wave is that value which when
applied to a resistance would produce the same heating effects as a d<
value of the same magnitude.

Q. 3.310. What is the meaning of “phase difference”?

A. In comparing two sine waves of the same frequency, “phase dif-
ference” means that the two waves do not reach their maximum or min-
imum values simultaneously.

D. The amount by which the maximum or minimum values of the
two waves differ, measured in electrical degrees, is their “phase differ-
ence.” The maximum “phase difference” between two waves is con-
sidered to be 180°.

Q. 3.311. What factors must be known in order to determine the
power factor of an alternating-current circuit?

A. In order to determine the power factor of an a-< circuit, the
values of circuit resistance and the reactance must be known. Power

factor = cos 6, where cos 6 =%, and Z= VR?Z + (X — Xo)%
Practically, the power factor can be determined by measuring voltage,

Watts.
IXE

current and, with a watt meter, the actual power. P.F. =

D. See Question 3.34.

Q. 3.312. What are the properties of a series condenser, acting alone
in an alternating-current circuit?

A. When a series condenser is acting alone in an a< circuit and a
voltage is applied, a current will exist which will lead the applied vol-
tage by 90°. The magnitude of the current will vary in direct propor-
tion to the capacity of the condenser.

D. If a resistance is added in series with the condenser, the phase
angle will become less than 90°, approaching 0° as the resistance be-
comes larger. See also Question 6.94 for comparison.
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Q. 3.313. What is the reactance value of a condenser of 0.005 micro-
farad at a frequency of 1,000 kilocycles?
A. The reactance is 31.8 ohms.

.. . 1
D. The formula for capacitive reactance is: X¢g = m , where X
¥y
is in ohms, f is in cycles, and C is in farads. Substituting the given values,

1 —
Xo_ 6.28 X 1000 X 103 X 005 X 10-8 —31.8 obm_r.

Q. 3.314. State the mathematical formula for the energy stored in
the magnetic field surrounding an inductance carrying an electric cur-
rent.

A. W =Y LP, where W is in joules, L is in henrys, I is in am-
peres.

D. See Question 3.18 for a capacitor.

Q. 3.315. What is the current and voltage relationship when induc-
tive reactance predominates in an alternating-current circuit?

A. In an inductive circuit, the current lags the applied voltage by
an angle which approaches a maximum of 90° when the resistance of
the circuit approaches zero.

D. The phase angle in an inductive circuit will decrease as the value
of series resistance is increased. When the resistance is at least 10 times
greater than the reactance, then for most practical purposes the phase
angle can be neglected.

Q. 3.316. Given a series circuit consisting of a resistance of 4 ohms,
an inductive reactance of 4 ohms, and a capacitive reactance of 1 ohm,
the applied circuit alternating emf is 50 volts. What is the voltage drop
across the inductance?

A. The voltage drop across the inductance is 40 volts.

D. Step 1: Find the series impedance Zr = VVR? + (X; — Xo)5
Zr=V4+ (4—12=VI16+9=5 obms.

50

Step 2: Find the series current Ir =Z£=?= 10 amperes.
T

Step 3: Find the voltage drop across the inductance. E, = 1Ir X X,

= 10 X 4 = 40 volts.
Q. 3.317. What would be the effect if direct current were applied to

the primary of an alternating-current transformer?

A. Excessive current would be drawn from the line,

D. If uninterrupted d< were applied to the primary of an a< trans-
former the only current limiting factor would be the d resistance of
the primary winding. Since this resistance is usually in the order of a
few ohms, the current value will become very high. If this condition is

« 5
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permitted to continue, the transformer will become overheated and will
possibly burn out. If the d- source is interrupted regularly, as by a
vibrator, an a< transformer may be used, since the interruptions will
cause a changing magnetic field which will develop a counter-emf in
the primary and thus limit the primary current; this is discussed in
Question 3.176.

Q. 3.318. If a power transformer having a voltage step-up ratio of
one to five is placed under load, what will be the approximate ratio of
primary to secondary current?

A. The primary to secondary current ratio will be about 5 to 1.

D. If the losses in the transformer are neglected, it can be assumed
that the power which the primary draws from the line is all trans-
formed to the secondary. If the power ratio is the same and the voltage
ratio is 1 to 5, then the current ratio must be in inverse proportion to
the voltage ratio, or 5 to 1. The voltage ratio is proportional to the turns

. N, E . .
ratio or,Fp:E—p. The current ratio is inversely proportional to the
8 8
. N I
turns ratio, of —2—-=%,
N, I,

Q. 3.319. What is the meaning of “skin effect” in conductors of
radio-frequency energy?

A. “Skin effect” is the tendency of alternating currents to exist in
the area of a conductor approaching the surface, rather than in the
entire cross sectional area of the conductor.

D. The term “skin effect” is most generally used in connection with
radio frequencies. However, “skin effect” is present at all frequencies,
the magnitude of the effect decreasing as the frequency decreases. At
extremely high frequencies, the dept of current penetration is very small,
most of the current existing practically on the surface of the conductor.
It is for this reason that tubular conductors with large surface areas are
used at ultra high frequencies. “Skin effect” exists due to the fact that
more magnetic lines of force cut the center of the conductor than cut
the outer sections. Thus the self inductance of the conductor is greatest
at the center and decreases toward the outer edges. There is more coun-
ter-emf developed at the center of the conductor and, therefore, the
least amount of current exists at this point. As the frequency increases,
the cemf at the center approaches the magnitude of the applied voltage
and current practically does not exist at the center. Where the conduc-
tor is a round wire or tube, the high frequency resistance at high fre-

83.2v/f X 10-°

quencies in ohms per centimeter =g where 4 is the
outside diameter in centimeters, and f is the frequency in cycles.

Q. 3.320. Neglecting distributed capacitance, what is the reactance
of a 5-millihenry choke coil at a frequency of 1,000 kilocycles?

A. The reactance is 31,400 ohms.

D. To find the inductive reactance, use the formula, X; = 2xfL =
6.28 X 1000 X 10% X 5 X10~% = 31,400 ohms.
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Q. 3.321. What is meant by the term “radiation resistance”?

A. “Radiation resistance” is a fictitious quantity of resistance which,
while not present physically in the antenna, is equivalent to a resistance
which if inserted in the antenna would dissipate an amount of power
equal to that radiated from the antenna.

D. In defining radiation resistance it is necessary to refer it to a
particular point in the antenna. This point is usually taken at a current
loop (maximum). The radiation resistance must be such that the square
of the current times the radiation resistance will equal the power ra-
diated. The grounded end is frequently used as the current reference

radiated power

Inas®

tenna or radiation resistance by the resistance substitution method, a
known value of non-inductive resistance is placed in series with the an-
tenna and antenna ammeter, and a shorting switch is connected across
the resistance. All circuits should be correctly tuned and the driver
power and output voltage should be maintained constant during the
readings. The “antenna resistance” is found from the formula, R,qq =

L

T=1- R;, where R; is the known resistance, I, is the antenna cur-
1 = I2

point. Radiation resistance, Ryqq = . To determine an-

rent with R, in the circuit, I; is the antenna current with R, shorted out.

Q. 3.322. What is the value of total reactance in a series resonant
circuit at the resonant frequency?

A. The total reactance is zero at the resonant frequency.

D. The definition of series resonance specifies that the inductive re-
actance and the capacitive reactance are equal. Since the inductance
tends to cause a 90° lag of current and the capacitance a 90° lead of
current the effect of the two reactances cancel, being equal and opposite,
and the net impedance is purely resistive and contains no reactive com-
ponent.

Q. 3.323. What is the value of reactance across the terminals of the
capacitor of a parallel resonant circuit, at the resonant frequency, and
assuming zero resistance in both legs of the circuit?

A. The value of reactance will be zero.

D. The assumption as stated in the question is that zero resistance
appears in both legs of the circuit. Under this condition parallel reson-
ance occurs when X; — Xg. These are equal and opposite reactances
and the total reactance will then be zero. The impedance measured
across the combination will be infinite. Actually this is a theoretical
condition since there is always appreciable resistance in the inductance
leg of the parallel resonant circuit. In this case the net reactance will be
capacitive. In order to have the line current in phase with the applied
voltage, X¢ must equal X, + i

Q
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Q. 3.324. Given a series resonant circuit consisting of a resistance of
6.5 ohms, and equal inductive and capacitive reactance of 175 ohms,
what is the voltage drop across the resistance, assuming the applied cir-
cuit potential is 260 volts?

A. The voltage drop across the resistance is 260 volts,

D. ‘There is no need to make any calculations for the solution of this
problem. The voltage drop across the two reactances at resonance is
zero, and, therefore, the line voltage or 260 volts must appear across
the resistance.

Q. 3.325. Given a series resonant circuit consisting of a resistance of
6.5 ohms, and equal inductive and capacitative reactances of 175 ohms,
what is the voltage drop across the inductance when the applied cir-
cuit potential is 260 volts?

A. The voltage drop across the inductance is 7000 volts, assuming
that the resistance is part of the inductance coil.

D. In a series resonant circuit the voltage drop across either reactive

element equals Q times the applied voltage, where Q = _)I{?_ . For this
L
problem Q=—l6—7§—= 26.9. The voltage across the inductance (or capa-

tance) equals 26.9 X 260 = 7000 volts.
Q. 3.326. Under what conditions will the voltage drop across a
parallel-tuned circuit be a maximum?
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Fig. 3.327. Method of coupling to obtain plate modulation.
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A. Assuming some resistance in series with the combination, the
voltage drop across a parallel resonant circuit will be a2 maximum when
the applied voltage is at the resonant frequency of the tuned circuit.

D. For a circuit of high Q (greater than 10) the line current will
be minimum at approximately the resonant point. If the line current
is minimum, the drop in the series resistor will also be minimum, thus
permitting a maximum of the generator voltage to appear across the
resonant circuit.

Q. 3.327. Draw a simple schematic diagram showing a method of
coupling a modulator tube to a radio-frequency power-amplifier tube
to produce plate modulation of the amplified radio-frequency energy.

A. See the figure.

D. See Questions 3.335 and 3.363.

Q. 3.328. Draw a diagram of a carrier-wave envelope when modu-
lated 50 per cent by a sinusoidal wave. Indicate on the diagram the
dimensions from which the percentage of modulation is determined.

" AUDIO .
ODULATING Ve _/N /*'Lo
i/ L\

1 v /IS

| | | T ed ‘
e 2 JIINUN = ™+, 520 40

= TP )J | e s

UNMODULATED™
IER -~ -MODULATED
CARRIER WAVE

PERCENTAGE . EMAX-EmiN

MODULATION 2Epy

A. See the figure.

D. Assume the carrier amplitude to be 100 volts unmodulated, the
value of E, 4, to be 150 volts, and the value of Epyin to be 50 volts. The
percentage modulation is found according to the formula:

E 150—50

mazr mtﬂ VT o
Mod. === 100 = ==X 100 = 50%,

For 1009, modulation E,,., would be 200 and E,,.,,, would be zero.
Q. 3.329. Draw a diagram of a microphoune cu-cult complete with
two stages of audio amplification,

"A. See the figure for a circuit using a condenser microphone.
D. A “condenser microphone,” as the name implies, acts as a con-
denser whose capacitance is varied according to the characteristics of
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the sound wave impressed upon its diaphragm. The diaphragm is a
thin, tightly stretched metal disk which is in close proximity to a heavier
fixed metal plate. The fixed plate acts as the second plate of a con-
denser, the diclectric being air. The air also serves as a damping
medium. A d< charging potential in the order of 200 volts is appliea
to the microphone through a high resistance. Any changes in capacitance
cause charging and discharging currents to flow through this series re-
sistance, thus developing the output voltage of the microphone. The out-
put impedance of the microphone is extremely high and the output is
very low, a combination which necessitates building a preamplifier right
into the microphone case.

of uf

1 2
MEG 2 MEG

= AUDIO
+HaoV. OUTPUT
~CONDENSER
MICROPHONE

¢ L + L

Fig. 3.329. A condenser microphone and two amplifier stages.

Q. 3.330. Draw a simple schematic diagram showing a Heising mod-
ulation system capable of producing 100 per cent modulation. Indicate
power-supply polarity where necessary.

A. See Questions 6.438 and 6.439.
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Fig. 3.331. Suppressor-grid modulation system.
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Q. 3.331. Draw a simple schematic diagram showing a method of
suppressor-grid modulation of a pentode-type vacuum tube.

A. See the figure.

D. See Question 3.335.

Q. 3.332. Draw a simple schematic diagram showing a method of
coupling a modulator tube to a radio-frequency power-amplifier tube
to produce grid modulation of the amplified radio-frequency energy.

A. See the figure.

D. See Question 3.335.
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Fig. 3.332. Method of producing grid modulation.

Q. 3.333. What is meant by “frequency shift” or “dynamic instability”
with reference to a modulated radio-frequency emission?

A. “Frequency shift” or “dynamic instability” refers to the instan-
taneous changes of oscillator frequency due to corresponding changes
of plate and screen grid voltages of the oscillator tubes and is caused by
improper regulation of the power supply.

D. If a common power supply were used for the oscillator, r-f am-
plifiers, and modulator stages, it would be difficult to prevent “dynamic
instability,” especially if the modulator was not operating strictly class
A. Any changes in loading due to any cause, or any changes in modu-
lator power requirements will create a change in power supply output
voltage. This in turn may cause the oscillator frequency to shift, creat-
ing undesired frequency modulation. In general, an increase of oscilla-
tor plate voltage (with screen voltage constant) will cause the oscillator
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frequency to increase because of a decrease of tube input capacity. A
proportional increase of screen voltage would have the opposite effect
on the frequency, and this factor is taken advantage of in the electron-
coupled oscillator to maintain frequency stability and reduce “dynamic
instability.” Dynamic instability can also be reduced by: (1) using an
oscillator tank circuit with a high C/L ratio, (2) by light loading of the
oscillator circuit, (3) by using a high value of grid leak, (4) by using
separate power supplies for oscillator, modulator, and r-f amplifiers, or
at least for the oscillator.

Q. 3.334. What is meant by “high-level” modulation?

A. “High-level” modulation is modulation of an rf carrier pro-
duced in the plate circuit of the last radio stage of the system.

D. Compare Question 3.336. The above definition is taken from
Federal Communications Commission’s Rules and Regulations, Sec. 3.15.

Q. 3.335. What is meant by “grid modulation”? “Plate modulation™?

A. The term “grid modulation” indicates that the modulation com-
ponent is impressed upon the carrier wave by introduction into any of
the grid circuits of an r-f amplifier stage. See figure for Question 3.332.

The term “plate modulation” indicates that the modulation com-
ponent is impressed upon the carrier wave by its introduction into the
plate circuit of an rf amplifier stage. See figures for Questions 3.327
and 3.363.

D. While “grid modulation” is a general term, it is usually inter-
preted to mean “control grid modulation.” The other types of grid
modulation are usually referred to by name, such as “suppressor grid
modulation” and “screen grid meodulation.”

Q. 3.336. What is meant by “low-level” modulation?

A. “Low-level” modulation is modulation produced in an earlier
stage than the final.

D. “Low-level” modulation occurs in r-f stages other than the final
power amplifier, and because of this, the following stages must be
linear (class B) amplifiers, in order not to distort the modulation com-
ponent. The tank circuit used with such amplifiers must have a rela-
tively low Q, so as not to attenuate the sideband frequencies. See Ques-
tion 3.339, The definition given in the “Answer,” above, is taken from

gcc;cral Communications Commission’s Rules and Regulations, Section
15.

Q. 3.337. Describe the construction and characteristics of a “crystal”
type microphone.

A. A “crystal” microphone depends for its operation upon the piezo-
clectric effect of a suitable crystalline material. Rochelle salts are most
commonly used for this purpose in the crystal microphone. The crystal
proper is made up of a number of crystal cells arranged so as to increase
the sensitivity of the unit. One such unit consists of zwo crystal elements
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so arranged as to operate in phase when sound vibrations are present,
but to generate out of phase potentials when subjected to shock or
mechanical vibration. The entire crystal unit is impregnated in wax
and enclosed in an airtight chamber. This enclosure, however, does not
prevent the crystal from vibrating and thus generating emf’s propor-
tional to the sound wave components. The sound vibrations are trans-
mitted to the crystal unit by means of a conical duralumin diaphragm
either directly or by means of a resilient, intermediate member. The
microphone has a flat frequency response over the entire audio range.
It is lightweight, reasonably rugged, easily maintained, and requires
no power supply. It has a high impedance output, is non-directional,
and has no inherent background noise level. The microphone should
be protected against excessive humidity, as Rochelle salts are soluble in
water. The wax impregnation of the crystal element is, however, highly
efficient in protecting the crystal against moisture.

Q. 3.338. Describe the construction and characteristics of a “carbon-
button” type microphone.

A. The “carbon-button” microphone depends for its operation upon
the characteristics of a pile of carbon granules when subjected to vary-
ing pressures. The carbon button proper consists of a small cup com-
pletely filled with very fine carbon granules. A tightly stretched dur-
alumin diaphragm is attached to the carbon button (or buttons) in
such a way that sound vibrations cause varying pressures upon the
button. The resistance of the carbon button varies in proportion to the
pressures upon it. A battery supply is connected in series with the
button and a resistance (or transformer primary), so that variations in
resistance will cause corresponding variations in the output current from
the button. These varying currents will be proportional to the character
of the sound waves producing them. The frequency response of a
broadcast type is inferior to most other types of microphones, and is
in the order of 70 to 6000 cycles. The carbon microphone is no longer
in general use because, although it has very high sensitivity, it has a
number of serious disadvantages. These are: (1) it is sensitive to vibra-
tion, (2) it cannot be handled while in use, (3) it generates a hissing
sound in its output, (4) the carbon granules in the buttons are subject
to “packing” (see Question 3.214), (5) it requires a battery power
supply for operation. See Question 3.95 for circuit.

Q. 3.339. What might be the cause of variations in plate current of
a class B type of modulator?

3



TNEJLF W Qe o MEW

Element IIT LICENSE Q & A MANUAL 139

A. The average plate current of a class B modulator varies normally
during modulation, when the modulation signal is not of a constant
amplitude, sinusoidal voltage wave form.

D. With no input signal applied to the class B modulator grids, the
plate current will be extremely small. (This is an advantage in portable
or high power equipment where conservation of the power supply is
essential.) The plate current will vary in direct proportion to the am-
plitude of the grid signal and since a modulating wave contains many
harmonic frequencies, the shape and amplitude of the modulating signal
is constantly changing. This in turn causes consequent variations of
plate current. If the amplifier were operated class A, the plate current
would remain substantially constant, with or without modulation.

Q. 3.340. What is the relationship between the average power output
of the modulator and the modulated-amplifier plate-circuit input, under
100 per cent, sinusoidal, platc moduiation?

A. The ratio is one to two.

D. Under 1009, sinusoidal plate modulation conditions, the a<
power output of the modulator must equal % of the d< power input
to the modulated rf amplifier. The modulator output supplies the
power for the sidebands, while the d< supply furnishes the power for
the carrier wave. See Question 6.440 for a numerical example.

Q. 3.341. What would be the effect of a shorted turn in a class B
modulation transformer? In a class A modulation transformer?

A. The immediate effects would be: distortion, and overheating
with possible transformer burnout.

D. If a shorted turn existed in either type transformer, the trans-
former would overheat badly and almost invariably burn out. However,
while it was still operating there would be considerable distortion pres-
ent. This distortion would be caused by a change of the effective turns
ratios and consequently, the load impedance. This impedance could
chanee sufficiently, so that the modulator tube (or tubes) was no longer
working into the correct load impedance. In a push-pull medulator it
would be possible for one section of the primary winding to burn out,
leaving one tube still operative. The output under this condition would
be greatly distorted.

Q. 3.342. Why is a high percentage of modulation desirable?

A. The following are advantages of high percentage modulation:

(1) A higher signal to noise ratio at the receiver.

(2) Greater area coverage for a given carrier power.

(3) Greater useful transmitted power for a given carrier power,

(4) Higher plate efficiency of the modulated r-f amplifier.

(5) Less interference at the receiver from other stations operating
on the same channel.
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D. It should be realized that the only ssefsl power contained in a
modulated carrier wave is in the sidebands. At 100%, modulation the
sideband power represents only 3349, of the total radiated power. The
remainder of the power, or 66% %, is in the carrier wave and is of no
value in transmitting intelligence. If the percentage of modulation is
reduced to 509, the amount of power in the sidebands is reduced only
about 119/ of the zotal radiated power. (This corresponds to an increase
of 1259, over the original carrier power.) It may be seen from the
above examples that it is important to keep the average percentage of
modulation as high as may be practical for any particular transmitter.

Q. 3.343. What are some of the possible results of overmodulation?

A. Some results of overmodulation are:

(1) Distortion is produced in the modulation component of the
radiated wave, causing distortion of the received signal.

(2) Generation of spurious harmonic frequencies.

(3) Adjacent channel interference due to extended sidebands.

D. When an r-f amplifier is modulated in excess of 1009, there are
definite periods of time when the amplifier does not produce any
output at all. This factor radically changes the original wavelenoth of
the modulating signal. New frequencies are thus generated which were
aot present in the original modulating signal. Among these new fre-
quencies are many harmonics, the number and intensity of which vary
in proportion to the degree of overmedulation. These in effect create
additional sideband frequencies which may extend far beyond the al-
lotted bandwidth, and cause interference to adjacent channels. In ad-
dition to creating interference, the change in waveshape of the modu-
lation component also causes distortion of the received signal, the mag-
nitude of which increases with the degree of overmodulation.,

Q. 3.344. What might cause frequency modulation in an amplitude
modulated radiotelephone transmitter?

A. Frequency modulation of an amplitude modulated transmitter is
due to “dynamic instability” of the oscillator and is generally due to
poor regulation of the power supply. Varying loads cause power supply
voltage changes which in turn vary the oscillator frequency.

D. See Question 3.333.

Q. 3.345. What percentage of antenna-current increase should be ex-
pected between unmodulated conditions and 100 per cent sinusoidal
modulation?

A. The antenna current will increase by 22.59%.

D. The antenna current (rms) under sinusoidal modulation condi-

2
tions is found by the formula, ' =4/ 1 + —”21— X I, where m is the

modulation factor as follows: For 100%, m = 1; for 50%,, m = .5; for
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309, m = .3, etc. I is unmodulated antenna current; I’ is modulated an-
tenna current. Assume the unmodulated antenna current, I, to be 10 am-

peres. Then for 1009, modulation, I’ == \/ T 4+ 1% X 10 = 12.25 amperes
or an increase of 22.59%. In practical voice or music modulation (or
other types), the modulating signal is usually a complex wave rather than
a sinusoidal wave. Under these practical conditions the above formula
cannot be relied upon to give any accurate indication of the modulation
percentage. However, it will give a fairly reasonable approximation.
See Question 6.441 for a numerical example,

Q. 3.346. What might be the cause of a decrease in antenna current
of a high-level amplitude modulated radiotelephone transmitter, when
modulation is applied?

A. This is called “downward modulation.”

With plate modulation, “downward modulation” may be caused by
any of the following:

(1) Insufficient bias at the modulated r-f amplifier.

(2) Insufficient excitation into the modulated r-f amplifier.

(3) Excessive overloading of the class C modulated r-f amplifier.

(4) Incorrect load impedance for the class C modulated r-f ampli-
fier.

(5) Faulty or insufficient value of output capacity in the power
supply filter for the modulated r-f amplifier.

(6) Poor regulation of a common power supply.

(7) Defective tube.

With grid-bias modulation, a downward “kick” may be caused by
any of the following:

(1) Excessive r-f excitation to the grid of the modulated r-f ampli-
fier.

(2) Insufficient operating bias on the grid of the modulated r-f am-
plifier.

(3) Distortion in the modulator or speech amplifier.

(4) Excessive resistance in the grid bias power supply.

(5) Faulty or insufficient output capacity in the plate power supply
filter to the modulated r-f amplifier.

(6) Insufficient loading of the plate circuit of the modulated r-f
amplifier.

(7) Too high plate circuit-efficiency of the modulated r-f
amplifier under unmodulated conditions.

(8) Defective tube.

D. See Question 3.483.

Q. 3.347. Why is it necessary to use an oscillating detector for recep-
tion of an unmodulated carrier?

A. In order to provide a clear sharp indication of the unmodulated
carrier. The presence of the carrier would be indicated, but indistinctly,
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by a hissing sound caused by increased tube noises, even if the receiver
were not oscillating.

D. See Question 3.349.

Q. 3.348. What is the purpose of shielding in a multistage radio re-
ceiver?

A. In general, shielding of the various r-f and i-f components of a
receiver prevents electromagnetic and electrostatic coupling between
these elements and improves the overall stability of the receiver.

D. If these components were not shielded, there is a very serious
possibility that feedback conditions might exist which would cause cer-
tain stages of the receiver to oscillate or become regenerative. In the
event that oscillations took place, the output when receiving a station
would probably contain a high frequency howl, as well as great distor-
tion. If the receiver became regenerative, its bandpass would be restricted,
causing sideband cutting and audio distortion. See Question 4.186.

Q. 3.349. Explain what circuit conditions are necessary in a regenera-
tive receiver for maximum response to a modulated signal.

A. The regeneration control is first set so that the receiver oscillates.
It is then backed off just beyond the point at which the receiver falls
out of oscillation. The tuning condensers should be adjusted for maxi-
mum signal strength.

D. See Question 3.267. For an unmodulated signal, the regencratlon
control should be advanced just beyond the point at which the receiver
starts oscillating. In order to get a clear indication of the presence of
an unmodulated carrier, it is necessary to “beat” it against another
frequency and extract a high pxtchcd audio note from the various beat
frequencies. This additional “beat” frequency is provided by the re-
ceiver itself after it is put in an oscillating condition.

Q. 3.350. What feedback conditions must be satisfied in a regenera-
tive detector for most stable operation of the detector circuit in an os-
cillating condition?

A. The feedback energy should be of sufficient magnitude and in
the correct phase so that the oscillations will remain substantially con-
stant over a wide tuning range.

D. For maximum stability the Q of the oscillating tank should be
kept as high as possible. The tickler and antenna coils should not be
too closely coupled, and the regeneration control should be set just above

the point at which the circuit first oscillates. See Question 3.46. Com-
pare also Question 3.52.

Q. 3.351. What are the advantages to be obtained from adding a
tuned radio-frequency amplifier stage ahead of the first detector (con-
verter) stage of a superheterodyne receiver?

A. The following advantages are obtained bv the use of a tuned
radio frequency stage.
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(1) Improved receiver sensitivity.

(2) Improved receiver selectivity.

(3) Greater image rejection.

(4) Decreases the required gain of the mixer and i-f amplifier, thus
improving the receiver stability.

(5) Improves signal to noise ratio of the receiver.

(6) Reduces interference from signals at intermediate frequency.

(7) Reduces local oscillator radiation from the receiving antenna.
(This is very important in television.)

D. Most of the receiver hiss is due to the noise generated in the
mixer (also called first detector or converter stage) tube. By introducing
gain before the mixer tube, the signal to noise ratio of the receiver is
much improved. If the amplitude of the signal is raised before reaching
the mixer tube, the usable sensitivity of the receiver can be increased.
See also Question 6.551.

Q. 3.352. What feedback conditions must be satisfied in a regenera-
tive detector in order to obtain sustained oscillations?

A. The feedback energy must be in the proper phase and of suf-
ficient magnitude to overcome the grid circuit losses.

D. Grid circuit losses are caused by the following:

D-C resistance.

A-C resistance (skin effect).

Radiation.

Grid current.

. Coupling losses.

See Question 3.350.

Q. 3.353. How is “automatic volume control” accomplished in a

radio receiver?

A. By feeding back, into the control grids of the i-f and r-f ampli-
fiers, a negative d bias which is proportional to the average magni-
tude of the received carrier wave.

D. The basis for efficient automatic volume control is the action of
the variable-x (remote cut-off) tube. This tube has a control grid which
is so constructed, that changes of d- grid bias cause corresponding
variations in the tube’s transconductance and thus control the gain of
the i-f (and sometimes also r-f) amplifiers The transconductance de-
creases as the negative bias increases and vice versa. In the second de-
tector, the modulated i-f signal is rectified in such a way that the aver-
age value of the detector audio output is negative with respect to ground.
This is accomplished by grounding the cathode of the detector, and tak-
ing the output from the plate circuit. The average negative audio output
is put through a long line constant R-C filter whose output is a pure,
negative d< voltage. This voltage is fed through suitable decoupling
filters to the grids of the various i-f and r-f amplifiers involved, where
it becomes all or part of the bias for these tubes. The output of the avc
filter is a negative dc voltage whose magnitude is proportional to the

WU e
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average strength of the incoming modulated carrier signal. An increase
of incoming signal strength creates a larger negative bias on the various
controlling grids, thereby reducing the overall gain of the receiver and
providing a relatively constant output. A decrease of incoming signal
strength results in a Jess negative bias, an increase in overall receiver
gain, and again a relatively constant output. See Question 4.212 for
diagram. .

Q. 3.354. If a superheterodyne recciver is tuned to a desired signal
at 1,000 kilocycles, and its conversion oscillator is operating at 1,300
kilocycles, what would be the frequency of an incoming signal which
would possibly cause “image” reception?

A. The “image” frequency would be 1,600 kilocycles.

D. The “image” frequency in this case is found by adding twice
the intermediate frequency to the incoming carrier frequency. The in-
termediate frequency is found by subtracting the incoming frequency
of 1,000 kilocycles from the oscillator frequency of 1,300 kilocycles or
300 kilocycles. Thus the “image” frequency = 2X300 + 1,000 = 1,600
kilocycles. Each signal would give a 300-kc beat from the mixer, and
both would pass through the i-f amplifiers. See Question 3.265.

Q. 3.355. If a tube in the only radio-frequency stage of your receiver
burned out, how could temporary repairs or modifications be made to
permit operation of the receiver if no spare tube is available?

A. The tube should be removed from its socket and a small con-
denser (about 0.001 uf) connected between the control grid and plate
connections of the removed tube.

An alternate method would be to connect the antenna to the control
grid of the stage following the one which was burned out.

Q. 3.356. What are the characteristics of plate detection?

A. The grid is biased almost to cut-off so that the average audio
plate current varies in proportion to the amplitude of the modulation
component of the carrier wave. Detection takes place in the plate circuit.

D. See Question 3.131.

Q. 3.357. What is the purpose of a “radio-frequency” choke?

A. In general, an r-f choke acts as a low-pass filter which permits
the passage of dc and low frequency components but prevents the
passage of radio frequencies.

D. Chokes are often used to prevent radio frequencies from entering
the power supply. They are also used as coupling elements, to help
maintain the Q of tank circuits, as in a crystal oscillator, and sometimes
as tuning elements, as in a Pierce oscillator.

Q. 3.358. What would be the effect upon a radio receiver if the va-
cuum-tube plate potential were reversed in polarity?

A. The tubes could not conduct, and the receiver would be in-
operative.
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D. In order for the tubes to operate, the plate and screen grid po-
tentials must be positive with respect to cathode. Obviously this con-
dition could not be fulfilled if the polarity of the supply source were
reversed.

Q. 3.359. Draw a simple schematic diagram of a system of coupling
a single electron tube employed as a radio-frequency amplifier to a
Hertz-type antenna.

11 HERTZ ANTENNA
1]

RESONANT
"\ FEEDERS

LS
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- TANK
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|

Fig. 3.359. Method of coupling an r-f amplifier to a Hertz antenna.
A. See the figure; see also Question 3.517.

Q. 3.360. Draw a simple schematic diagram indicating a link cou-
pling system between a tuned-grid tuned-plate oscillator stage and a
single clectron tube, neutralized amplifier.

A. See the figure.

D. See Question 3.140.
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£1g. 3.360. Link conpling system.
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Q. 3.361. Draw a simple schematic diagram of a push-pull, neutral-
ized radio-frequency amoplifier stage, coupled to a Marconi-type antenna
system.

A. See the figure,
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Fig. 3.361. Coupling of a push-pull Stage 1o a Marconi antenna.

Q. 3.362. Draw a simple schematic diagram of a system of neu-
tralizing the grid-plate capacitance of a single electron tube employed
as a radio-frequency amplifier.

A. See Question 3.307.

Q. 3.363. Draw a simple schematic diagram showing the proper
method of obtaining direct-current screen-grid voltage from the plate
supply in the case of a plate-modulated pentode, class C amplifier.

A. See the figure,

Fig.3.363. A plate-
—]— modulated class C
I s amplifier.
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D. See Question 3.335.

Q. 3.364. What is the purpose of a “buffer” amplifier?

A. The purpose of a “buffer” amplifier is to prevent any tuning or
load changes in the r-f amplifiers or antenna circuit from changing the
frequency of the master oscillator of the transmitter,

D. In transmitters, the “buffer” amplifier is located between the
master oscillator and the subsequent r-f amplifier stages. The “buffer”
is usually operated class B by means of fixed bias (not grid-leak bias)
and the grid signal swing is restricted so that grid current is not present.
This prevents loading of the oscillator by the relatively low grid to
cathode impedance which is present when grid current exists in the
“buffer” stage. The “buffer” is often resistance coupled to the oscillator,
and may be a tetrode or pentode rather than a triode to reduce capacity
coupling from the oscillator to the succeeding r-f amplifiers. The plate
tank circuit of the “buffer” has a low Q affording a wide bandpass
characteristic, and this also helps to reduce reflected impedance changes
back into the oscillator. The gain of the buffer* amplifier is relatively
low, making it possible usually to eliminate neutralizing circuits in
this stage.

Q. 3.365. What are the characteristics of a “frequency doubler” stage?

A. The following are characteristic of a “frequency doubler” stage:

(1) Plate tank tuned to twice the grid circuit frequency.

(2) Does not have to be neutralized.

(3) Plate current pulse width of approximately 90°,

(4) Bias about 10 times cutoff. (Class C.)

(5) Large harmonic output in plate current pulse.

(6) Very large grid driving signal.

(7) Low plate efficiency compared to a straight class “C” amplifier.

D. See Questions 3.90 and 3.138.

Q. 3.366. What are the advantages of a master-oscillator power-am-

plifier type of transmitter as compared to a simple oscillator trans-
mitter?

A. The major advantages are:

(1) Improved frequency stability of the oscillator.

(2) Greater power output.

(3) Greater rejection of oscillator harmonic output,

D. In the master-oscillator power-amplifier type of transmitter, the
power amplifier also serves the function of a “buffer” stage. (See Ques-
tion 3.364.) Thus any changes in antenna loading, which might
simply be caused by the movement of the antenna in the wind, would
not be reflected back into the oscillator to the degree which would
exist in a simple oscillator transmitter. The oscillator frequency in the
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“M.O.P.A.” is more stable therefore, due to this isolating action. In the
“M.O.P.A.” there are more tuned circuits before the antenna, offering
a greater degree of rejection to oscillator harmonics.

Q. 3.367. What are the differences between Colpitts and Hartley
oscillators?

A. The basic difference between the Colpitts and Hartley oscillators
is the method of adjusting the feedback. In both the Colpitts and Hart-
ley oscillators, the tank circuit is effectively connected between the grid
and plate of the vacuum tube. In both cases the amount of feedback is
adjusted by varying the point at which the cathode is effectively tapped
into the tank circuit. In the Hartley oscillator this is done by tapping
into the coil proper, while in the Colpitts oscillator the tap is made by
means of a capacitive voltage divider. This consists of two series con-
densers connected across the tuning inductance, with the cathode con-
nected between the two. By varying the ratio between the two conden-
sers, the feedback voltage may be varied. Once the feedback ratio is
determined, the two condensers may be “ganged” together for tuning.
See Questions 3.70 and 3.74 for diagrams.

D. Other differences are: (1) The Colpitts oscillator musz be shunt
fed, while the Hartley oscillator may be shunt or series fed. (2) In the
Colpitts oscillator the grid leak resistance must be connected from grid
to cathode, while in the Hartley oscillator it may alternatively be con-
nected across the grid condenser. (3) The Colpitts oscillator seems to
be preferred for use in the very low frequencies and the very high fre-
quencies (ultraudion), while the Hartley oscillator is used between thesc.
two extremes.

Q. 3.368. What is the primary purpose of a grid-leak in a vacuum-
tube transmitter?

A. When used in connection with a grid-leak biased tube, the pur-
posc of the grid-leak resistance is to determine the value of the bias and
to provide a d< return from cathode to grid. The grid-leak resistance

Cgqg 0
L | ok I
BEEC. Rg BE

(A) (8)

Fig. 3.368(A) and (B). The grid-leak resistor, Ry, may be connected
as shown in (A) or (B).




VoAt

Element IIT LICENSE Q & A MANUAL 149

also makes it possible for the bias to be sclf-adjusting to decreasing am-
plitudes of excitation voltage.

D. There are three main factors to be considered. These are (1) the
value of grid-leak resistance, R, (2) the internal resistance of the tube
between grid and cathode at the time grid current is flowing (r5), (3)

. the duration of time that grid current is flowing.

The grid-leak resistance may be connected directly from grid to cath-
ode (part A of the figure) or in parallel with the grid condenser (part
B of the figure) with the same bias being developed in each case. The
value of bias varies almost directly with the value of grid-leak resistance
in normal transmitter and receiver circuits, thus making the resistance
value very critical. The value of grid condenser used is noz critical, pro-
viding that with the grid-leak resistance in use, the time-constant (R,

XCy) is equal to at least one fifth of the time of one cycle (¢ =L)

f

at the lowest operating frequency. Increasing the condenser above the
capacity required for the stated minimum R,C, product will have very
little effect upon the bias. Any small increase of bias which may result
from increasing the condenser value is simply due to the improved fil-
tering action of R, and C,.

Referring to part A of the figure, the approximate value of grid-to-
cathode internal tube resistance is 1000 ohms (when grid is conducting).
For practical purposes this value may be considered to be constant. It
should be remembered at this point, that the only time grid current
flows is when the grid is driven more positive than the cathode.

Let us first consider the case where R, is, for example, 10 ohms (part
C of the figure). R, and 7 form a parallel network (when grid cur-
rent is flowing). However, 1000 ohms in parallel with 10 ohms still
equals 10 ohms (practically) and therefore it does not matter whether
or not the tube is connected as far as bias is concerned.

+100 V. +100 V.
)
-100 V. -100V
\
+I00Y o ID CURRENT
FLOWS DURING
AXIS SHADEDOPORTION
—ioov -2V
(C) (D)

Fig. 3.368(C) and (D). Equivalent circuits of a grid-leak biased stage.
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The amount of charge going into the condenser is practically equal
to the amount of charge leaving the condenser, and since the original
charge in the condenser was zero, the average voltage across the con-
denser is equal to zero. The bias voltage is at all times equal to the
voltage across the condenser (and resistor) and likewise is zero. This
condition is illustrated in part C of the figure.

If R, is increased to 1000 ohms, operating conditions are now radical-
ly altered. When the grid is driven positive, and conducts, the effective
charging resistance for C, is equal to the parallel combination of R, and
7, or 500 ohms. When the grid ceases to be positive on the descending
portion of the cycle, the condenser begins to discharge. The path of
condenser discharge is only through R, and does not involve the tube.
The discharge resistance is equal to 1000 ohms, or is twice as great as
the charging resistance. The condenser cannot possibly lose as much
charge during the discharge period as was gained during the charge
period, because the time constant of the discharge path (R,C,) is twice

Rg X ok

Rg X Tok ). It
a definite value of bias is to be reached and maintained, a condition of
equilibrium must be reached such that during any one excitation cycle
(360°) the amount of charge entering the condenser (when the grid
draws current) must be exactly equal to the amount of charge leaving
the condenser during the remainder of the cycle. Since the amount of
charge which can leave the condenser in any given time is fixed by the
value of R, the amount of entering charge must somehow be adjusted
to be equal to this discharge at the point of equilibrium (desired bias).
‘This occurs automatically as shown in parts C, D, E, and F of the figure
by decreasing the time during which grid current flows when the bias
voltage is built up across the condenser. As shown in the figures, the
bias set a new operating axis for the excitation signal so that grid cur-

as great as the time constant of the charging path (C, X

+I00V.

. =GRID CURRENT
80V +0IV
GRID CURRENT 2 0

o]
AXiSeadaae Noae 20y
-120V
(£) (F)

Fig. 3.368(E) and (F). Equivalent circuits of a grid-leak biased siage.
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rent flows for less than 180°. Following the same line of reasoning, it
is seen that as the grid-leak resistance is further increased, the amount
of charge which can leak off is decreased, and again the angle, or dura-
tion, of grid<urrent flow is automatically adjusted by permitting the
bias (condenser voltage) to increase until just enough grid current tlows
to replace whatever charge was lost during the discharge period.

If the grid-leak resistance is made extremely great, practically no
charge will be able to leak off between cycles and the angle of grid
current flow will become almost zero. In order for this condition to occur,
the voltage across the condenser must rise until it is equal to the peak
value of the excitation signal, where it now remains. The signal is now
said to be “clamped” to the zero level. This condition is illustrated in
part F.

As stated previously, the condenser value is not critical. The reason
for this is that changing the capacity affects both the charging and dis-
charging time constants equally, but changing the resistor affects only
the discharging time constant.

(See also Question 3.484.)

Q. 3.369. By what means is feedback coupling obtained in a tuned-
grid tuned-plate type of oscillator?

A. The feedback coupling unit in a tuned-grid tuned-plate oscillator
is the plate to grid interelectrode capacitance of the tube.

D. See Question 3.69.

Q. 3.370. What may be the result of parasitic oscillations?

A. The following may result from parasitic oscillations:

(1) Generation of spurious frequencies (carrier).

(2) Generation of spurious sideband frequencies during modulation.

(3) Distortion of the modulated wave.

(4) Overheating of the amplifier tube.

(5) Reduced efficiency of the amplifier tube at the desired frequency
or frequencies.

(6) Change of bias (grid leak).

D. See Question 3.372.

Q. 3.371. How may the production of harmonic energy by a vacuum-
tube radio-frequency amplifier be minimized?

A. The production of harmonic energy may be minimized by the
following methods:

1. Operating the amplifier tube with the proper bias and grid-ex-
citation signal.

2. Use of push-pull circuits.

3. High Q plate tank circuit. (High C to L ratio.)

D. The transfer of harmenic energy may be minimized by the fol-
lowing methods:
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1. Use of a Faraday screen between inductivity coupled circuits.

2. Use of a suitable low pass filter tuned to pass only the fundamen-
tal frequency.

3. Reduction of all forms of capacity coupling between stages.

4. Loose inductive coupling.

Q. 3.372. What is a definition of “parasitic oscillations™?

A. Parasitic oscillations are defined as, “either high or low frequen-
cy oscillations occuring in circuits other than the original tank circuits,
and at frequencies other than the desired output frequencies.”

D. Parasitic oscillations may be either high or low in frequency.
High frequency parasitics are present in tuned circuits usually composed
of tube and stray capacitance and lead inductance. Many times, this
behaves as a tuned-grid tuned-plate oscillator. High frequency parasitic
oscillations may be minimized by inserting small non-inductive resistors
in series with plate and grid leads, and by making the plate leads con-
siderably longer than the grid leads. Other methods are placing a
wave trap in series with the grid, and placing small r-f chokes in
series with the plate and grid leads. Low frequency parasitics
are usually caused by having r-f chokes in both plate and grid cir-
cuits. These can be minimized by eliminating one of the two chokes,
or by making the plate choke larger than the grid choke. Series plat