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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 firstclass operator license: Elements I, II, III, IV.

Radiotelephone second-class operator license: Elements I, II, III.

Radiotelephone third-class operator permit: Elements I, II.

Restricted radiotelephone permit: no written or oral exam.
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viii PREFACE

Radiotelegraph firstclass operator license: Elements I, II, V, VI,

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
second-class 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.

MIiLTON KAUFMAN
New York, N. Y.

May 1957
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ELEMENT I

BASIC LAW

(Note: References whick appear after questions in Elements 1 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 operator 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. ch.
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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. L12. Is it prohibited by law to transmit unnccessary 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. 1.13. Does the Government have authority 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 issue 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. 1.15. In applying for a duplicate operator license or permit, what
documentary evidence must be submitted along with an application?
(R & R 1371)

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 affirmation 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 lieu 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 consist of the
spoken expression MAYDAY (corresponding to the French pronun-
ciation of the expression “m’aider”), repeated three times.

(2) In radiotelephony, 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. 37-149)

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. These 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 (sce 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 not
operate with an expired license.

Q. 1.32. Is it prohibited by law to transmit false or fraudulent 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
waived.

(6) All other communications.



ELEMENT II
BASIC OPERATING PRACTICE—GENERAL

Note: The questions of Element 1l 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 radiotelephone 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 cause 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. Itis 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
speech 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 shields 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. 2.21. 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 calling 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. 2.24. Should a test ot the radiotelephone equipment be made
each day?
A. Yes.

D. This may reveal faults that might 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 employ
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. 234. 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. 2.35. 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 recerve 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 vp.rator should wait for more favorable conditions to avoid
mncerference to other stations not uffected hy these adverse .onditions.
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Q. 242, What is the order of priority for radiotelephone communica-

tions?

A. The order of priority shall be as {ollows:

()
(2)
(3)
)
(3)

Distress calls, distress messages, and distress trathe.
Comumunications preceded by an urgent signal.
Communications preceded by a salcty signal.
Communications relative to radio direction-finding bearings.

Government radiotclegrams 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 ir;volving safety, if a ship radio-
telephone station does not receive 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. How 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 bv
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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 board 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 ot
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 imnediately 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) TIts 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. Ts 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. Ts 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.
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Q. 2.18S. Is it necessary to make a trial of the ship radiotelephrue
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 proceed 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 cither 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 kilocycles
(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. 2.22S. 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 U.S.
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. 1f 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 might 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, either 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 minutes.

D. Upon resnmption cf the required illumination, a similar step should
oc taken. The failure must be entered into the station log with all pertinent
details.
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Q. 2.30S. How 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. 231S. 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. 2.328. 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 safety messages; 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 radiotelephony?

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. 2.39S. 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. 243S. 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. 2.44S. For what purpose is the frequency 121.5 megacycles au-
thorized to be used by an aircraft rudio 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. 2.45S. What is the national calling and working frequency for
air carrier aircraft? (R & R 9.312)

A. 31175 kilocycles.

Q. 2.46S. In lieu 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. 249S. 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. 2.52S. 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. 2.535. 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—Charlic, 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. 2.54S. 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 2.22S.

Q. 255S. 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. 2.245.)

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. 2.58S. 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.



ELEMENT I

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 “electromotive force” usually

apply to a source of electrical energy. For example, the terms “generator
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-
zinction 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 “electron 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 entting 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.

3
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D. The formula to determine the emf induced in a conductor is

E = M volts

108
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 eutting.
It is seen that E is directly proportional to all above factors.

Q. 3.04. Name four methods by which an clectrical 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 scparated. 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 electrodes, 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 area 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 IZR is equivalent to E?/R, (since I = ER). If the
power is E2/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 R;. A similar drop through
Ry and R, gives —200 volts and —300 volts for the junctions of R,

Y] Ra R3
A VWAA— WAA—

Fig. 3.08. Voltage 100 V—>1+—100 V—=t+—100 V.—*

drops in a series

circuit.
BATTERY

—{tj—
300V.
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and Ry, and R, and the battery, respectively. A rise of +300 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%:;—g— = 1 ampere, and the power dissipa-
tion PR = 12 X 10 = 10 watts. By doubling the resistance to 20
ohms, the current is reduced to .5 ampere, and the new power dis-
sipation I*R = .52 X 20 = 5 watts.

Q. 3.11. Name four materials which are good insulaters 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 rf 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-
sulators 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 area of a conductor is doubled this also
doubles the available number of free electrons for a given length, and
thus twice as much current will flow for the same applied emf. It is
apparent that the effective resistance is thereby cut in half. Likewise,
halving the area will double the resistance. (See Questions 3.05 and

3.12.)

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 effect does a change in the diclectric constant of a
condenser dielectric material have upon the capacitance of a condenser?

A. The capacity varies directly with the dielectric constant.

D. All dielectric materials are compared to a vacuum which has a
dielectric constant of 1. For practical purposes, the dielectric 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 uf 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 uf. 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

KS

the formula, C = .0885 X - where C is in micro-microfarads, K



36 RADIO OPERATOR’S Element III

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 = %CE?

D. (1) QO 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
X 108 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 jowles.
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
(I2R), 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 = Y% QF; 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

_ AxNI
- ]
where H == field strength in oersteds.
N = number of turns.
I = current.

| = length of solenoid.

Let us first assume the following original conditions.

1) Wire dia. = Y% 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 5 X 40 or
5 em. Thus H = '47r><54——0><1

The original field strength is therefore 10 oersteds.

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

= 10 oersteds.

40 volts
m = .952 amp.
The new lengih is 5.25 c¢m., therefore H =41r—><;22~§<—ﬁ= 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 #orth 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 electromagnet?

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 = uH,
where p 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-c or d-c, is expressed as a ratio.

Thus Z = % , 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 1012,

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 10'8 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.
(c) 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 electrical 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 mhbo 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 counter-emf 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
3.33 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. If a circuit is purely resistive, or the voltage is direct, its actual
power consumption may be found by the formula P 