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PREFACE TO THE TENTH EDITION

This new edjtion of Radio Operating Questions and Answers
has been prepared especially to cover the new examination
questions recently released by the Federal Communications
Commission for the radiotelegraph and radiotelephone oper-
ators’ license examinations.

The new questions for both the telephone and telegraph
examinations have been revised and expanded both in theory
and practice to include frequency modulation, television,
antenna systems, radar, loran, aircraft radio telegraph and
marine operational procedure. Elements II, III, IV, V, VI,
and VII now include many new questions and also show a
revision and deletion of many questions previously asked in
the examination.

In view of the wide scope of these new examinations and
the many mathematical problems which have been included,
all readers are urged to expand their knowledge by a careful
review of electrical and radio fundamentals, with special
emphasis on the new specialties such as radar, loran, frequency
modulation, and television. Careful consideration should be
given by the new student to complete some course in basic
theory and operation in a reputable correspondence or resi-
dence school. Radio theory and operation in its various
phases cannot be successfully mastered by the use of a ques-
tion and answer book alone. It is not fair to the individual
nor to the industry as a whole to expect it.

A new feature of this text is the inclusion of a special problem
section comprising 45 questions and answers relating to the
more advanced problems in general theory, radar, and loran.
These questions have been designed so as to give the student
a working knowledge towards a better understanding of these
new subjects in order to cope with possible variations or
interpretations in the actual examination questions.
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vi PREFACE TO THE TENTH EDITION

The author wishes to acknowledge with gratitude the valu-
able suggestions and collaboration given by the faculty of the
Walter Hervey Junior College, the engineering staff of the
(leveland Institute of Radio Electronics, and to Mr. Alex
McKenzie of the Electronics staff of the McGraw-Hill Pub-
lishing (‘ompany in the preparation of this new edition.

The author also gratefully acknowledges the valuable assist-
ance rendered by the American Airlines, La Guardia Field, New
York Airport Station, New York; Bendix Aviation Corpora-
tion, Baltimore, Md.; Eclipse-Pioncer Division (Bendix) Teter-
horo, New Jersey; Federal Telecommunication Laboratories,
Inc., Nutley, New Jersey; Collins Radio Company, (edar
Rapids, Towa, and the Sperry Gyroscope (‘ompany, Great
Neck, New York.

J. L. Horxuxa
VALLEY STREAM, N.Y.
December, 1949



PREFACE TO THE NINTIL EDITION

This edition includes a new Addenda section especially
designed to cover the new supplementary elements recently
released by the Federal (‘Communications Commission for the
radio-television license examinations for the broadcast service.

These new supplementary questions have been added by
the FCC to the present Elements 2, 3, and 4 with the specific
objective of expanding the scope of the radio-broadcast-
operator’s examinations to include standard and FM practical-
broadeast operation, technical-broadeast theory and practice,
and advanced broadcast theory and practice as related to the
operation, adjustment, and maintenance of AM, FM, and tele-
vision, including special antenna systems.

In view of the wide scope of these new examinations, all
readers are urged to expand their knowledge on the technical
aspects of all questions by the free use of standard reference
textbooks, particularly those related to the field of FM and
television. Each reader is also strongly urged to procure from
the FCC rules, regulations, and information on good engineer-
ing practice* regarding the operation of all broadeast stations.

The author wishes to acknowledge with gratitude the valu-
able suggestions given by the engineering staff of the Cleveland
Institute of Radio Electronies and the Walter IHervey Junior
College in the preparation of these new supplements.

* These are now procurable from the Superintendent of Documents, Government Print-

ing Office, Washington, D.C,, at a nominal cost.

J. L. HorxUNG
VALLEY STREAM, N.Y.
September, 1948
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HOW TO USE THIS BOOK

Many old-time students of radio and many uninformed new
students will need to approach radio-operator license prepara-
tion from a new viewpoint. Prior to July, 1939, when the
so-called “‘new” examinations went into effect, preparation
for a radio-operator license examination consisted mostly of
learning the answers to certain standard well-known questions,
the answers to which were easily available in published form
to anyone. The disadvantages of this system were apparent
to the examiners and to others who felt that the government
examinations should be a real test of the applicant’s knowledge
and not a test of his ability to memorize answers. The revised
examination procedure was evolved to correct this condition.

Under the new plan a publication entitled “Study Guide
and Reference Material for Commercial Radio Operator
Examinations” was issued by the Federal C‘ommunications
C‘ommission. In that book there were presented to the radio-
license applicant approximately 1850 questions covering the
entire scope of knowledge required of licensed radio operators.
It is to be noticed that only the scope of the required knowledge
was made available therein to all interested persons.

On the basis of this scope of knowledge a series of multiple-
choice-type examinations was prepared from which certain
sheets are selected to constitute an examination. Thus a
great number of different examinations are available, all
covering the same scope of knowledge. The student of this
book should not be surprised, therefore, if the questions he
meets on the examination are worded differently or approach
the subject from a different angle from that given in the
answers in this book. For example, Question 74 in Element 5
in the FCC’s Study Guide reads, ““‘Deseribe a superregenera-
tive receiver.” Obviously a multiple-choice question could
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xii HOW TO USE THIS BOOK

not be worded similarly. Instead, the multiple-choice ques-
tion might read, “What is the purpose of the quench fre-
quency?” This would be followed by five answers from which
the correct answer must be picked. The applicant whose
radio education and preparation have been guided by the
Study Guide basic question, ‘“Describe a superregenerative
receiver,”” and the answer as given herein should have no
difficulty with this question.

It is evident, therefore, that the questions in the FC(’s
Study Guide and their answers as given herein are, as the
name of their source book implies, merely a guide to study.
They are not intended to be replicas of the actual questions
that the applicant will meet on the examination. Whereas
the actual number of study-guide questions provided by the
FCC totals almost 1900, it is possible that there may be
three or four times that number available on the actual
examinations.

The student preparing for a specific type of license should
avail himself of the FCC Study Guide and the necessary sup-
plementary Rules and Regulations pertinent to the particular
field in which he is endeavoring to qualify. A complete listing
of pamphlets, available at small cost, may be procured from
the Superintendent of Documents, United States Government
Printing Office, Washington, D.C.

It is hoped that the readers of this book will use it for what
it was intended, that is, as a review of technical radio informa-
tion for radio-operator license-examination preparation or any
similar purpose. The man who has a good basic training in
radio communication will find this book invaluable for refer-
ence and review purposes, according to the testimony of a very
great many satisfied readers.

THE AUTHOR



RADIO OPERATING
QUESTIONS AND ANSWERS

ELEMENT 1
BASIC RADIO LAWS

Ques. 101.01.! Under what conditions may a distress mes-
sage be retransmitted?

Ans. Any station which becomes aware that a mobile
station 1s in distress 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, aireraft, 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 distress call which it has intercepted has not
been received by any station in a position to render aid.

Ques. 101.02. What tolerance in operating power is per-
missible under normal circumstances?

Ans. The operating power of all radio stations shall be
maintained within the following tolerance of the assigned
power:

! In the government publication, *Study Guide and Referecnee Material

for Commercial Radio Operator Examinations,” Ques. 101.01 to 101.05,
inclusive, appear at the end of Element 1 instead of at the beginning.
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RADIO OPERATING QUESTIONS AND ANSWERS

1. When the maximum power only is specified, the operating
power shall not be greater than necessary to carry on the
service and in no event more than 5 per cent above the maxi-
mum power specified.

2. When an exact power is specified, the operating power
shall not be more than 5 per cent above or less than 10 per
cent below such power.

Ques. 101.03. Under what conditions may a station be
operated in a manner other than that specified in the station
license?

Ans. The licensee of any station, except amateurs, may,
during a period of emergency in which the normal communica-
tion facilities are disrupted as a result of hurricane, flood,
earthquake, or similar disaster, utilize such station for emer-
gency communication service in communicating in a manner
other than that specified in the station license, provided (1)
that as soon as possible after the beginning of such emergency
use notice be sent to the Federal Communications Commission
(FCC) in Washington, D. C., and to the Inspector in Charge
of the district in which the station is located stating the
nature of the emergency and the use to which the station is
being put, and (2) that the emergency use of the station shall
be discontinued as soon as substantially normal communica-
tion facilities are again available and the Commission in
Washington, D. C., and the Inspector in Charge be notified
immediately when such special use of the station is terminated.
The Commission may at any time order the discontinuance of
such service.

Ques. 101.04. What is the Commission’s rule with respect
to measurement of the radio station frequency?

Ans. The licensee of each station shall provide means for
the measurement of the station frequency. The measurement
of the station frequency shall be made by a means independent
of the frequency control of the transmitter and shall be

2



BASIC RADIO LAWS Element 1

conducted in accord with the regulations governing the class
of station concerned.

Ques. 101.05. When may operation be resumed after a
station has been notified to cease transmission because of
interference to distress traffic?

Ans. No station having been notified to cease operation
shall resume operation 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.

Ques. 111.01. State five grounds on any one of which the
FCC has authority to suspend a radio operator’s license or
permit.

Ans. The FCC has authority to suspend the license of any
operator upon proof sufficient to satisfy the Commission that
the licensce—

1. Has violated any provision of any act, treaty, or con-
vention 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 convention; or

2. Has failed to carry out a lawful order of the master or
person lawfully 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—

a. False or deceptive signals or communications, or

b. A call signal or letter which has not been assigned by
proper authority to the station he is operating; or

3



RADIO OPERATING QUESTIONS AND ANSWERS

5. Has willfully or maliciously interfered with any other
radio communications 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.

Ques. 111.02. Is an operator subject to the penal provi-
sions of the Act if he violates the terms of a radio treaty to
which the United States is a party?

Ans.  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 conven-
tion, 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 for each
and every day during which such offense occurs.

Ques. 111.03. State at least two provisions made in the
Communications Act to ensure the priority of communications
or signals relating to ships in distress.

Ans.  All radio stations, including Government stations
and stations on board foreign vessels when within the terri-
torial waters of the United States, shall give absolute priority
to radio communications or signals relating to ships in distress;
shall cease all sending on frequencies which will interfere with
hearing a radio communication or signal of distress, and,
except when engaged in answering or aiding the ship in distress,
shall refrain from sending any radio communications or signals
until there is assurance that no interference will be caused with
the radio communications or signals relating thereto, and shall
assist the vessel in distress, as far as possible, by complying
with its instructions.



BASIC RADIO LAWS Element 1

Stations in the mobile service shall be obliged to accept, with
absolute priority, distress calls and messages regardless of
their origin, to reply to them in the same manner, and to take
any necessary action on them immediately.

Ques. 111,04. In what class of radio station and under
what conditions is an operator permitted to adjust the trans-
mitter for a maximum of radiation without regard to the
interference produced?

Ans. The transmitting set in a radio station on shipboard
may be adjusted in such a manner as to produce a maximum
of radiation, irrespective of the amount of interference which
may thus be caused, when such station is sending distress com-
munications or signals or communications relative thereto.

Ques. 111.06. In what cases may a transmitter on ship-
board be adjusted to produce a maximum of radiation irrespec-
tive of the interference which may be caused?

Ans. (See answer to Ques. 111.04.)

Ques. 121.01. What communications, if any, are not
subject to the secrecy provisions of the Communications Act?

Ans. Any radio communication broadcast, or transmitted
by amateurs or others for the use of the general public, or
relating to ships in distress.

Ques. 121.02. State in your own words the prohibition,
if any, against the transmission of false calls and communica--
tions relating to distress.

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

Ques. 121.03. State in your own words the law regarding
the transmission of false or fraudulent signals of distress or
communications relating thereto.

5



RADIO OPERATING QUESTIONS AND ANSWERS

Ans. (See preceding answer for basic law.)

Ques. 121.04. State in your own words the substance of
the Communications Act that is provided to ensure the secrecy
of radiograms.

Ans.  In general the law provides that no one receiving a
radio or wire message not intended for the public shall divulge
it to anyone except the addressee or his authorized agent or
to another station for forwarding, unless required to do
so by a court of competent jurisdiction, and no one not entitled
to it shall receive any radio or wire communication and use
it for his own benefit. The penalty is a fine not exceeding
$10,000 or imprisonment for a term not exceeding 2 years,
or hoth,

Ques. 121.06. Does the Communications Act of 1934, as
amended, contain any provision that prohibits the intercep-
tion, use, and publication of radio communications?

Ans. Yes. (See answer to Ques. 121.04 for basic law.)

Ques. 131.01. What form of language if transmitted by
an operator or other person makes him subject to the penal
provisions of the Communications Act?

Ans. Nothing in this Act shall be understood or construed
to give the Commission the power of censorship over the
radio communications or signals transmitted by any radio
station, and no regulation or condition shall be promulgated
or fixed by the Commission which shall interfere with the right
of free speech by means of radio communication. No person
within the jurisdiction of the United States shall utter any
obscene, indecent, or profane language by means of radio
communication.

Ques. 131.02. What provisions are made in the Communi-
cations Act to ensure intercommunication between stations in
the mobile service?



BASIC RADIO LAWS : Element 1

Ans. Every land station open to general public service
between the coast and vessels or aircraft at sea shall, within
the scope of its normal operations, be bound to exchange
radio communications or signals with any ship or aireraft sta-
tion at sea; and each station on shipboard or aircraft at sea
shall, within the scope of its normal operations, be bound to
exchange radio communications or signals with any other
station on shipboard or aircraft at sea or with any land station
open to general public service between the coast and vessels
or aircraft at sea: Provibep, That such exchange of radio
communication shall be without distinction as to radio sys-
tems or instruments adopted by each station.

Ques. 131.03. Does the FCC have authority to issue a
radio operator’s license or permit to a citizen of a country
other than the United States?

Ans. No.

Ques. 131.04. Has the master of a ship radiotelephone
station the authority to forbid the transmission of a message
by anyone on board?

Ans. Yes. The radio installation, the operators, the
regulation of their watches, the transmission and receipt of
messages, and the radio service of the ship, except as they may
be regulated by law or international agreement, or by rules
and regulations made in pursuance thereof, shall in the case
of a ship of the United States be under the supreme control
of the master.

Ques. 131.06. Has the master of a ship station the author-
ity to regulate the transmissions and reception of messages on
shipboard?

Ans. Yes. (See preceding answer for basic law.)

Ques. 131.06. Under what conditions is the utterance or
transmission of a false or fraudulent signal of distress or com-
munications relating thereto permissible?

7



RADIO OPERATING QUESTIONS AND ANSWERS

Ans. (See answer to Ques. 121.02 for basic law.)

Ques. 131.07. Under what conditions is the utterance of
obscene, indecent, or profane language by means of radio
communication permissible?

Ans. Under no conditions. (See answer to Ques. 131.01
for basic law.)

Ques. 141.01. What is the radiotelephony safety signal?

Ans. In radiotelephony, the word SECURITY (corre-
sponding to the French pronunciation of the word sécurité)
repeated three times shall be used as the safety signal.

Ques. 141.02. Under what conditions may a mobile station,
if necessary, disregard the General Radio Regulations
(Cairo)?

Ans. No provision of these Regulations shall prevent a
mobile station in distress from using any means available to it
for drawing attention, signaling its position, and obtaining
help.

Ques. 141.03. What is the radiotelephony urgent signal?

Ans. In radiotelephony the urgent signal shall consist of
three transmissions of the expression PAN (corresponding to
the French pronunciation of the word panne); it shall be
transmitted before the call.

Ques. 141.04. What signals and messages are forbidden
by international agreement?

Ans. The transmission of unnecessary or unidentified
signals or correspondence shall be forbidden to all stations.

Ques. 141.06. What precaution must an operator observe
before proceeding with a transmission?

Ans. Before transmitting, any station must keep watch
over a sufficient interval to assure itself that it will cause no

8



BASIC RADIO LAWS Element 1

harmful interference with the transmissions being made within
its range; if such interference is likely, the station shall await
the first stop in the transmission which it may disturb.

Ques. 141.06. What does the receipt of the signal PAN
transmitted by radiotelephony indicate?

Ans. The urgent signal (PAN) shall indicate that the
calling station has a very urgent message to transmit concern-
ing the safety of a ship, an aireraft, or another vehicle, or
concerning the safety of some person on board or sighted from
on board.

Ques. 141.07. What should an operator do if he intercepts
the word SECURITY repeated three times?

Ans. All stations hearing the safety signal must continue
listening on the wave on which the safety signal has been sent
until the message so announced has been completed ; they must
moreover keep silence on all waves likely to interfere with the
message.

Ques. 141.08. Under what circumstances may the signal
SECURITY be transmitted in radiotelephony?

Ans. The safety signal (SECURITY) announces that the
station is about to transmit a message concerning the safety
of navigation or giving important meteorological warnings.
Hence, it should precede such a transmission,

Ques. 141.09. The urgent signal sent by an aircraft and not
followed by a message indicates what?

Ans. In the aeronautical service, the urgent signal PAN
shall be used in radiotelegraphy and in radiotelephony to
indicate that the aircraft transmitting it is in trouble and is
forced to land, but that it is not in need of immediate help.
This signal should, as far as possible, be followed by a message
giving additional information.

9



RADIO OPERATING QUESTIONS AND ANSWERS

Ques. 141.10. What obligation rests on an operator inter-
cepting the signal PAN?

Ans. The urgent signal shall have priority over all other
communications, except distress communications, and all
mobile or land stations hearing it must take care not to
interfere with the transmission of the message which follows
the urgent signal.

Ques. 161.01. What procedure must be followed by a radio
station receiving a distress call from a mobile station which is
unquestionably in its vicinity?

Ans. 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.

Ques. 151.02. What essential information should be trans-
mitted in a distress message?

Ans. The distress call must be followed as soon as possible
by the distress message. This message shall include the dis-
tress 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.

Ques. 151.03. By what authority may the operator of a ship
or aircraft station transmit a distress call or message?

Ans. The distress call and message shall be sent only by
order of the master or person responsible for the ship, aircraft,
or other vehicle carrying the mobile station.

10



BASIC RADIO LAWS Element 1

Ques. 1561.04. What is the international distress signal to
be used in radiotelephony?

Ans. In radiotelephony, the distress signal shall consist of
the spoken expression MAYDAY (corresponding to the
French pronunciation of the expression m’aider).

Ques. 151.06. What does the interception of the word
MAYDAY transmitted by telephony announce?

Ans. These distress signals shall announce that the ship,
aircraft, or any other vehicle which sends the distress signal is
threatened by serious and imminent danger and requests
immediate assistance.

Ques. 161.06. What radio waves may be used under the
provisions of the Treaty in transmitting distress messages in
case of an emergency by aircraft stations?

Ans. Any aircraft in distress must transmit the distress
call on the watching wave of the land or mobile stations
capable of helping it; when the call is addressed to stations of
the maritime service, the waves to be used are the distress
wave or watching wave of these stations.

Ques. 161.07. State the priority of radio communications in
the mobile service.

Ans. The order of priority of radio communications in the
mobile service 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.

11



RADIO OPERATING QUESTIONS AND ANSWERS

Ques. 151.08. What information must be contained in a
distress message transmitted in an emergency, from a radio
station aboard aircraft flying over land?

Ans. As a general rule, an aircraft flying over land shall
signal its position by the name of the nearest locality, its
approximate distance from this point, accorapanied according
to the case, by one of the words NOR'TH, SOUTH, EAST, or
WEST, or, in some cases, words indicating intermediate
directions.

Ques. 161.09. What information must be contained in a
distress message?

Ans. (See answer to Ques. 151.02 for basic law.)

Ques. 151.10. When, after having sent its distress mes-
sage, an aircraft station is unable to signal its position, what
procedure shall be followed to assist others in determining its
approximate location?

Ans. When, in its distress message, an aircraft is unable to
signal its position, it shall endeavor after the transmission of
the incomplete message to send its call signal long enough so
that the radio direction-finding stations may determine its
position.

Ques. 161.01. State at least two classes of stations which
cannot be operated by the holder of a restricted radiotelephone
operator permit.

Ans.  Standard Broadcast Stations and ship stations aboard
compulsorily equipped ships.

Ques. 161.02. Under what conditions may the holder of a
restricted radiotelephone operator’s permit operate a station
for which the permit is valid?

Ans. The holder of a restricted radiotelephone operator’s
permit may operate any station while using type A0, A3, or
A4 emission; provided that—

12



BASIC RADIO LAWS Element 1

1. Such operator is prohibited from making adjustments
that may result in improper transmitter operation.

2. The equipment is so designed that none of the operations
necessary to be performed during the course of normal rendi-
tion of service may cause off-frequency operation or result in
any unauthorized radiation.

3. Any needed adjustments of the transmitter that may
affect the proper operation of the station are regularly made by
or in the presence of an operator holding a first- or second-class
license, either telephone or telegraph, who shall be responsible
for the proper operation of the equipment.

Ques. 161.03. State at least two classes of ship stations
which the holder of a restricted radiotelegraph operator
permit is prohibited from operating.

Ans. The permit is not valid for the operation of a ship
station licensed to use type A3 emission for communication
with coastal telephone stations.

The license [permit] is not valid for the operation of a radio-
telegraph station on board a vessel required by treaty or
statute to be equipped with a radio installation.

Ques. 161.04. Who is permitted to make adjustments or
tests in the presence of the licensed operator responsible for
the maintenance of the transmitter and under his responsi-
bility for the proper operation of the equipment?

Ans. The licensed operator responsible for the maintenance
of a transmitter may permit other persons to adjust a trans-
mitter in his presence for the purpose of carrying out tests or
making adjustments requiring specialized knowledge or skill,
provided that he shall not be relieved thereby from responsi-
bility for the proper operation of the equipment.

Ques. 161.056. Within what period of time must any person
receiving official notice of a violation of the terms of the Com-

13



RADIO OPERATING QUESTIONS AND ANSWERS

munications Act of 1934, as amended, Treaty, or Rules and
Regulations of the Commission be answered?

Ans. Within 3 days.

Ques. 171.01. What is the obligation of an operator whose
license or permit has been lost, mutilated, or destroyed?

Ans. An operator whose license or permit has been lost,
mutilated, or destroyed shall immediately notify the Com-
mission. A sworn application for duplicate should be sub-
mitted 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.

Ques. 171.02. How may the holder of a radiotelegraph or
radiotelephone first- or second-class license indicate to
representatives of the Commission that he is legally qualified
to adjust equipment operated by holders of restricted radio-
telephone operator permits?

Ans. The holder of a radiotelegraph or radiotelephone
first- or second-class license who is employed as a service and
maintenance operator at stations operated by holders of
restricted operator permits shall post at such station his
operator license or a verified statement from the Commission
in lieu thereof.

Ques. 171.03. How may an operator show proof of his legal
qualifications to operate a radio transmitter?

Ans. 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.

14



BASIC RADIO LAWS Element 1

Ques. 171.04. What is an operator of a radio station, who
has submitted his license for renewal or applied for a duplicate
license, required to exhibit as his authority to continue opera-
tion on the station, pending receipt of the license?

Ans. When a duplicate operator license or permit has been
requested, or 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 sub-
mitted by him,

Ques. 171.06. What is the holder of a radiotelegraph or
radiotelephone first- or second-class license, who is employed
as a service and maintenance operator at stations operated by
holders of restricted operator permits, obligated to post at the
stations?

Ans.  (See answer to Ques. 171.02 for rule.)
Ques. 181.01. How may corrections be made in a log?

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

Ques. 181.02. Is it lawful to erase an entry made in a
station log?

Ans. No log or portion thereof shall be erased, obliterated,
or willfully destroyed within the period of retention provided
by the rules.

Ques. 181.03. What are the Commission’s requirements
with regard to the retention of a radio station log?

Ans. Logs of a radio station, when required in the rules
and regulations to be made or kept, shall be retained by the
licensee for a period of one year unless otherwise provided by
the rules governing the particular service or class of station
concerned.
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Ques. 181.04. How long must the licensee retain a station
log which involves communications incident to a disaster?

Ans. Logs involving communications incident to a disaster
or which include communications incident to or involved in an
investigation by the Commission and concerning which the
licensee has been notified, shall be retained by the licensee
until specifically authorized in writing by the Commission to
destroy them: ProvipeDp, FURTHER, That logs incident to or
involved in any claim or complaint of which the licensee has
notice shall be retained by the licensee until such claim or
complaint has been fully satisfied or until the same has been
barred by statute limiting the time for the filing of suits upon
such claims.

Ques. 181.06. What is the Commission’s rule with regard
to rough logs?

Ans. Rough logs may be transcribed into condensed form,
but in such case the original log or memoranda and all portions
thereof shall be preserved and made a part of the complete log.

Ques. 191.01. What procedure should one follow if he
desires to resist an order of suspension of his operator’s
license or permit?

Ans. Make written application to the Commission at any
time within 15 days for a hearing upon the order of suspension.

Ques. 191.02. What is the responsibility of a licensee of a
radio station with respect to permitting it to be inspected by
representatives of the Commission?

Ans. 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.

Ques. 191.03. Who is responsible for the control of distress
traffic?

16
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Ans. The control of distress traffic shall devolve upon the
mobile station in distress or upon the station which by appli-
cation of the provisions . . . [See Ques. 101.01] has sent the
distress call. These stations may delegate the control of the
distress traffic to another station.

Ques. 191.04. Are logs subject to inspection by representa-
tives of the Commission?

Ans. Yes. (See answer to next question.)

Ques. 191.06. By whom may the log of a radio station be
kept?

Ans. 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.

17



ELEMENT 2
BASIC THEORY AND PRACTICE

Ques. 2.01. By what other expression may a “difference
of potential” be described?

.Ans.  Difference of potential may be defined in any one of
the following forms: e.m.f., voltage, IR drop, voltage drop,
electrical pressure, or fall of potential.

Ques. 2.02. By what other expression may an ‘‘electric
current flow” be described?

Ans.  Electric current may be described as a flow of elec-
tricity, a flow or periodic displacement of electrons in a circuit,
or, simply, the amperes flowing in a circuit.

Ques. 2.03. Which factors determine the amplitude of the
e.m.f. induced in a conductor which is cutting lines of mag-
netic force?

Ans. The rate or speed of cutting, the density of the mag-
netic flux, the angular relationship between the conductor,
and the field lines of force.

Ques. 2.04. Name four methods by which an electrical
potential may be generated.

Ans. A voltaic cell or battery (chemical), generator
(mechanical) photoelectriec cell (light), thermocouple (heat),
microphone (sound-mechanical).

Ques. 2.06. If the diameter of a conductor of given length
is doubled, how will the resistance be affected?

18
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Ans.  The resistance will be decreased. This is due to the
fact that the resistance of a wire varies inversely with its cross-
sectional area.

Ques. 2.06. If the value of a resistance, to which a con-
stant e.m.f. is applied, is halved, what will be the resultant
proportional power dissipation?

Ans. The rate in which energy is dissipated (power) will
be doubled.

2
V]

Dower = I’R; iz E X I watts.
Ques. 2.07. 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?
Ans. The cells must be connected in series.

Ques. 2.08. What is the sum of all voltage drops around a
simple direct-current series circuit, including the source?

Ans. Zero. The algebraic sum of all the voltage drops
around the circuit, including the source, is zero.

Ques. 2.09. What method of connection should be used to
obtain the maximum short-circuit current from a group of
similar cells in a storage battery?

Ans. The cells must be connected in parallel.

Ques. 2.10. If the value of a resistance, across which a
constant e.m.f. is applied, is doubled, what will be the result-
ant proportional power dissipation?

Ans. The power dissipation will be halved. (See Ques.
2.06.)

Ques. 2.11. Name four materials which are good insulators
at radio frequencies. Name four materials which are not
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good insulators at radio frequencies, but which are satisfactory
for use at commercial power frequencies.

Ans. Good radio-frequency insulators are quartz, poly-
thene, stabilized polyethelene, polystyrene, isolantite, Steatite,
Pyrex, and Mycalex.

Good commercial power-frequency insulators are glazed
porcelain, glass, slate, micarta, fiber, hard rubber, and asbestos.

Ques. 2.12. Explain the factors which influence the resist-
ance of a conductor.

Ans. The resistance of a conductor is dependent primarily
upon the character of the material, the length of the conductor,
and its cross-sectional area. Excessive current flow and sur-
rounding temperature also affect the resistivity.

Ques. 2.13. What effect does the cross-section area of a
conductor have upon its resistance per unit length?

Ans. (See Ques. 2.05.)

Ques. 2.14. Name four conducting materials in the order of
their conductivity.

Ans. Silver, copper, aluminum, duralumin, tungsten, and
zine.

Ques. 2.15. What effect does a change in the dielectric
constant of a condenser dielectric material have upon the
capacitance of a condenser?

Ans. The capacity of the condenser will vary directly as
the dielectric constant.

Ques. 2.16. Explain the effect of increasing the number of
plates upon the capacitance of a condenser.

Ans. Increasing the number of plates increases the arca
and consequently its capacity.
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Ques. 2.17. If the specific inductive capacity of a con-
denser dielectric material between the condenser plates were
changed from 1 to 2, what would be the resultant change in
capacitance?

Ans.  The capacitance would be doubled.

Ques. 2.18. State the formula for determining (1) the
amount of electricity a condenser will hold? (2) The energy
stored in a condenser? (3) Give four typical dielectrics
capable of storing electrical energy.

Ans.
_ _Q
(1 Q=CE, E-= o
.1 _Q?
(2) W = 5 CE? = ol

where C is in farads.
E in volts.
Q in coulombs.
W in joules.
(3) Mica, paper, glass, oil, and air.

Ques. 2.19. Neglecting temperature coefficient of resist-
ance and using the same gauge of wire and the same applied
voltage in each case, what would be the effect, upon the field
strength of a single layer solenoid, of a small increase in the
number of turns?

Ans.  The field strength will remain practically unchanged.
The slight increase in turns will introduce a small increase in
resistance thereby decreasing the current flow. This will
approximately reestablish the original conditions.

Ques. 2.20. How will a magnetic compass be affected
when placed within a coil carrying an electric current?

Ans.  Within the coil the compass will align itself at right
angles to the current flow with its north pole pointing toward
the north pole of the coil.
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Ques. 2.21. Which factors influence the direction of mag-
netic lines of force generated by an electromagnet?

Ans.  The magnetic lines of force generated by an electro-
magnet will take a direction determined by the direction of the
windings of the solenoid and the direction of current flow
through the coil.

Ques. 2.22. Define the term ‘“permeability.”

Ans.  “Permeability” may be defined as the ratio of the
magnetic induction B in the substance and the strength of the
magnetizing field to which it is subjected, field //. Simply
stated, it is an expression of the ease with which a magnetic
material will conduct lines of force as compared with air. The
permeability ratio p of air is unity.

Ques. 2.23. What unit is used in expressing the alternat-
ing-current impedance of a circuit?

Ans. The ohm (Z).
Ques. 2.24. What is the unit of resistance?
Ars. The ohm (R).

Ques. 2.26. Explain the meaning of the prefix in ‘“‘micro-
microfarad.”

Ans. The prefix “micromicro” means one-trillionth, or
10-12,

Ques. 2.26. What is the unit of capacitance?

Ans. The standardized unit is the farad. The capac-
itance is generally expressed in millifarads, microfarads, or
micromicrofarads.

Ques. 2.27. What single instrument may be used to

measure (1) Electrical resistance? (2) Electrical power?
(8) Electrical current? (4) Electromotive force?
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Ans. 1. Electrical resistance can be measured by using a
voltmeter and a standard resistor (ohmmeter). Resistance
may also be measured, but less accurately, by using a volt-
meter whose resistance is known and applying the formula
E,— E,

R = o

X Rn,
where E, is the voltage without the unknown resistor in the
cireuit.
E, is the voltage with the unknown resistor in the
circuit.
R. is the resistance of the voltmeter.
2. Electrical power is measured by a wattmeter.
3. Electrical current is measured by an ammeter.
4. Electromotive force is measured by a voltmeter.

Ques. 2.28. Define the term “residual magnetism.”

Ans. ““Residual magnetism’” refers to the magnetic field
which remains in a magnetic material after the magnetizing
force is removed.

Ques. 2.29. What is the unit of electrical power?

Ans. The watt.

Ques. 2.30. What is the unit of conductance?
Ans.  The mho.

Ques. 2.31. What is the unit of inductance?

Ans. The standardized unit of inductance is the henry.
Fractional parts of this unit are generally expressed in milli-
henrys (mh) and microhenrys (uh) (102 or 10-% henry,
respectively).

Ques. 2.32. What is the meaning of the prefix “kilo’’?

Ans. “Kilo” as a prefix means one thousand; thus, when
compounded with other words, it means multiply by one
thousand.
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Ques. 2.33. What is the meaning of the prefix “micro’’?

Ans. “Micro” as a prefix means one-millionth; thus, when
compounded with other words, it means one-millionth part of
the whole.

Ques. 2.34. What is the meaning of “power factor”?

Ans. ‘“Power factor” in an alternating-current circuit is
the ratio of the true watts expended in the circuit to the
apparent watts expended in the circuit. It is an expression
of the ratio of power consumed in a pure resistance to that
returned to the source by the reactive component of the circuit.
Power factor is always less then unity and is found by any of
the following formulas:

P real watts

where P is the true power as indicated by a wattmeter and EI
is the product of the voltmeter and the ammeter readings in
the alternating-current circuit.

Ques. 2.35. What is the meaning of the prefix “meg”?

Ans. “Meg” from the Greek word mega means one
million. For example, 1 megohm (11/Q) = 1,000,000 ohms
(Q).

Ques. 2.36. Define the term ‘“conductance.”

Ans. ““Conductance” is the reciprocal of the resistance in
direct-current circuits. In alternating-current circuits, con-
ductance is the ratio of the resistance to the impedance
squared, expressed in mhos.

Ques. 2.37. What instrument is used to measure current
flow?

Ans.  Electrical current flow is measured by an ammeter.

Ques. 2.38. Define the term ‘“‘decibel.”
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Ans. The ‘““decibel” (db) is the unit used for expressing
the ratio between two quantities, of either electrical or sound
energy. The unit decibel is a relative measurement of elec-
trical or sound energy levels and does not specify any definite
current, voltage, or power. Using conventional symbols, the
formulas for the decibel are as follows:

db = 10 logo IT:; db = 20 log,e %; db = 20 logyo %
Ques. 2.39. What is meant by ‘“ampere turns”?
Ans.  “Ampere turns” = number of turns X current.
Ques. 2.40. Define the term ‘‘inductance.”
Ans. ‘“Inductance” is that property of a coil or circuit to

store up energy in an electromagnetic form. The inductance
of a coil or circuit is 1 henry if a counter e.m.f. due to self-
induction of 1 volt is developed when the current in the circuit
changes at the rate of 1 ampere per second.

Ques. 2.41. Define the term “coulomb.”

Ans. The unit of quantity of electricity passing a given
point in a conductor in 1 second when 1 ampere is flowing is
called a “coulomb.” One coulomb is also the amount of
electricity contained in a condenser having a capacitance of
1 farad when charged to a potential of 1 volt.

Ques. 2.42. State the three ordinary mathematical forms
of Ohm’s law.
Ans.

E=1XR; R=2l£;

P~y
I
=l by

Ques. 2.43. State Ohm'’s law.

Ans. The current in an electric eircuit varies directly as the
e.m.f. producing it and inversely as the resistance of the
conductor.
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Ques. 2.44. If a vacuum tube having a filament rated at 14
ampere and b volts is to be operated from a 6-volt battery,
what is the value of the necessary series resistor?

Ans. The voltage drop across the filament is 5 volts.
Therefore, the voltage drop across the resistor must be 1 volt.
Applying Ohm’s law, we find that the necessary resistance is
4 ohms, calculated as follows:

1

= 5+ = 4 ohms.

k= 0.25

~| =

Ques. 2.46. If the voltage applied to a circuit is doubled
and the resistance of the circuit is increased to three times its
former value, what will be the final current value?

Ans. Assuming the initial conditions are as follows:
em.f. = 1 volt, B = 1 ohm; then the current low is 1 ampere.
If, then, the voltage is doubled to 2 volts and the resistance
increased to 3 ohms, the current, according to Ohm’s law,
will be

2
= R = g ampere,
or two-thirds of the initial value.

Ques. 2.46. What should be the minimum power dissipa-
tion rating of a resistor of 20,000 ohms to be connected across
a potential of 500 volts?

Ans. Theoretically, a 12.5-watt resistor would do. In
practice, at least a 25-watt resistor would be used. The
computations are as follows:

Solution:

E? 500°
Power = T = 20000 ~ 12.5 watts.

Ques. 2.47. If resistors of §, 3, and 15 ohms are connected

in parallel, what is the total resistance?
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Ans.  1.66 ohms, computed as follows:

B = T 1 ! =i vll, = »]g-;)- = 1.66 ohms.
ERTmRTER 573t
Ques. 2.48. What is the maximum rated current-carrying
capacity of a resistor marked ‘5,000 ohms, 200 watts"?

Ans. 200 milliamperes, computed as follows:

I = % 1/0.04 = 0.2 ampere.

Ques. 2.49. A milliammeter with a full-scale deflection of
1 milliampere and having a resistance of 26 ohms was used to
measure an unknown current by shunting the meter with a
4-ohm resistor. It then read 0.4 milliampere. What was the
unknown current value?

Ans.  Let I, equal full-scale current through meter without
shunt; I, equal full-scale current through shunt; R, equal
resistance of meter; R, equal resistance of shunt. Then

L =R, (et I, = x.)
Iz = I 1.

1_4

r 25

r = 0.25 = Io

Total current through the meter and shunt equals 7.25 milli-
amperes with full-scale deflection. With 0.4 deflection, the
actual current is
0.4 X 7.25 = 2.9 milliamperes.

Ques. 2.50. What will be the heat dissipation, in watts, of
a resistor of 20 ohms having a current of 1§ ampere passing
through it?

Ans.

Power = IR watts

(/4) X 20
1{e X 20 = 1.25 watts.
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Ques. 2.51. If two 10-watt 500-ohm resistors are connected
in parallel, what are the power dissipation capabilities of the
combination?

Ans. 20 watts.

Ques. 2.62. What is the formula used to determine the
total capacitance of three or more capacitances connected in
series?

Ans.

where (' is in the same units, farads or microfarads, as are used
to express (', Cq, (3, ete.

Ques. 2.63. If condensers of 1, 3, and 5 microfarads are
connected in parallel, what is the total capacitance?

Ans.
C=0C4+C;+C3 =143 + 5 = 9 microfarads.

Ques. 2.64. If condensers of 6, 3, and 7 microfarads are
connected in series, what is the total capacitance?

Ans. The total capacitance is 1.48 microfarads, computed
as follows:

1 1 1 "
C = l_{__l_ +l- _l+l+l =066 = 1.48 microfarads.
C: C, Cs 537

Ques. 2.66. The charge in a condenser is stored in what
portion of the condenser?

Ans.  On the surface of the dielectric in the form of electro-
static lines of force.

Ques. 2.66. Having available a number of condensers
rated at 400 volts and 2 microfarads each, how many of these
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condensers would be necessary to obtain a combination rated
at 1,600 volts 1.5 microfarads?

Ans. Twelve condensers connected into three series banks
of four condensers each, the series banks then being connected
in parallel.

Ques. 2.67. Calculate the voltage drop across an indi-
vidual condenser of a group connected in series.

Ans. Let C, equal the total capacitance, C; equal the
capacity of one of the condensers, E equal the potential across
the group. Then the voltage across €, can be found by

C:
Ci=EX C.

Ques. 2.68. What factors determine the charge stored in

a condenser?

Ans. The charging voltage and the condenser capacity.
(See Ques. 2.18.)

Ques. 2.59. Given two identical mica condensers of 0.1
microfarad capacity, each. One of these is charged to a
potential of 125 volts and disconnected from the charging cir-
cuit. The charged condenser is then connected in parallel
with the uncharged condenser. What voltage will appear
across the two condensers connected in parallel?

Ans. (2.5 volts.

Ques. 2.60. What is the effect of an iron core in an induct-
ance?

Ans.  The inductance value will increase. In alternating-
current circuits the iron core will increase the inductive
reactance of the inductance coil.

Ques. 2.61. What will be the effect of a shorted turn in an
inductance?

Ans. A shorted turn will decrease the inductance.
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Ques. 2.62. What is the relationship between the number
of turns and the inductance of a coil?

Ans. Inductance varies as the square of the number of
turns, provided the length of the coil is the same. This holds
true regardless of the character of the wire used.

Ques. 2.63. Define the term “reluctance.”

Ans. “Reluctance” is the opposition offered to a magnetic
pathin a magnetic circuit. Reluctance is directly proportional
to its magnetic path length and inversely to its cross-section.

Ques. 2.64. State the formula for determining the resonant
frequency of a circuit when the inductance and capacity are
known.

Ans.
1
= —— cycles per second
= oI P ’
where L is in henrys.
C is in farads.

Ques. 2.66. What is the formula for determining the power
in a direct-current circuit when the voltage and resistance are
known?

Ans.
E E?
P—IXE’—RXE—F-
Hence,
E2
P = bl watts.

Ques. 2.66. What is the formula for determining the power
in a direct-current circuit when the current and resistance are
known?

Ans.
P = I?R watts.
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Ques. 2.67. What is the formula for determining the power
in a direct-current circuit when the current and voltage are
known?

Ans.
P = EI watts.

Ques. 2.68. What is the formula for determining the wave-
length when the frequency, in kilocycles, is known?

Ans.
A= 3 X 108 _ 300,000
N fe

where f, = cveles, fa = kilocyeles.

meters,

Ques. 2.69. What is the frequency corresponding to a
wavelength of 3756 meters?

Ans. 800 kilocyeles, computed according to the formula
f= ;3\; where v = velocity of radio wave, 3 X 108 meters per

seconds, N equals wavelength in meters, and f = frequency in
cycles per second.

Ques. 2.70. State Ohm’'s law for alternating-current
circuits.

Ans. Expressed mathematically Ohm’s law adapted to
alternating-current circuits reads:

E ,_E
E=1z; I=% 7Z=%

Stated in words these formulas show that the current I varies
directly as the e.m.f. E and inversely as the impedance Z.
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Ques. 2.71. Draw a simple schematic diagram showing a
tuned-plate tuned-grid oscillator with series-fed plate. Indi-
cate polarity of supply voltages.

Ans.  See Fig. 2-1.

= Epb
=

Frg. 2-1. Tuned-plate tuned-grid series-fed oscillator.

Ques. 2.72. Draw a simple schematic diagram showing a
Hartley triode oscillator with shunt-fed plate. Indicate
power-supply polarity.

Ans. See Fig. 2-2.

REC

=

C
(A) SERIES - FED HARTLEY (B)SHUNT-FED HARTLEY
F1u, 2-2,  Hartley oscillators.
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Ques. 2.73. Draw a simple schematic diagram showing a
tuned-grid Armstrong-type triode oscillator, with shunt-fed
plate. Indicate power-supply polarity.

Ans. See Fig. 2-3.

ne

-

Fig. 2-3. Armstrong tuned-grid shunt-fed oscillator.

Ques. 2.74. Draw a simple schematic diagram showing a
tuned-plate tuned-grid triode oscillator with shunt-fed plate.
Indicate polarity of supply voltages.

Ans. See Fig. 2-4.

=
-

Fia. 2-4. Tuned-plate, tuned-grid, shunt-fed oscillator.
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Ques. 2.76. Draw a simple schematic diagram of a crystal-

controlled vacuum-tube oscillator. Indicate power-supply
polarity.

Ans. See Fig. 2-5.

TO BUFFER
‘ < STAGE

QUARTZ
PLATE

=
l'—_.l.
I

= +
I HV
F1g. 2-5. Triode-type crystal-controlled oscillator.
Ques. 2.76. Draw a simple schematic diagram showing a

Colpitts-type triode oscillator, with shunt-fed plate. Indicate
power-supply polarity.

Ans. See Fig. 2-6.

AAAAA
Yoy vy

Fra. 2-6.  Colpitts shunt-fed oscillator.
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Ques. 2.77. Draw a simple schematic diagram showing a
tuned-grid Armstrong-type triode oscillator, with series-fed
plate. Indicate power-supply polarity.

Ans.  See Tig. 2-7.

3

5T

Frc. 2-7. Armstrong series-fed oscillator.

-
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Ques. 2.78. Draw a simple schematic diagram of an elec-
tron-coupled oscillator, indicating power-supply polarities.

Ans. See Fig. 2-8.

< . + -’
R I TS
T T

F16. 2-8. Electron-coupled oscillator.
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Ques. 2.79. Draw a simple schematic diagram of a pen-
tode-type tube used as a crystal-controlled oscillator, indicat-
ing power-supply polarities.

Ans. See Fig. 2-9.

QUARTZ
PLATE

r—lﬂl——

Ebb

ik

Fia. 2-9. Pentode-type crystal-controlled oscillator.

Ques. 2.80. Draw a simple schematic circuit showing a
method of coupling a high-impedance loud-speaker to an
audio-frequency amplifier tube without flow of tube-plate
current through the speaker windings, and without the use of
a transformer.

Ans.  See Fig. 2-10.

AUDIO FREQUENCY

POWER AMPLIFIER COUPLING CONDENSER
/(D-C BLOCKING

_L’, CONDENSER)}

Y\HIGH IMPEDANCE
LOUDSPEAKER

-
COUPLING IMPEDANCE
OR RESISTANCE

Fi6. 2-10. Parallel feed loudspeaker coupling system.
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Ques. 2.81. Draw a simple schematic diagram of a triode
vacuum-tube audio-frequency amplifier inductively coupled
to a loud-speaker.

Ans. See Fig. 2-11.

—3

g LOUD

l SPEAKER
+

== Egs

Fia. 2-11. Loud-speaker coupling arrangement.

Ques. 2.82. Draw a simple schematic circuit showing a
method of resistance coupling between two triode vacuum
tubes in an audio-frequency amplifier.

Ans. See Fig. 2-12.

iy IE

* = - o+
+=_p B 8

Fis. 2-12.  Resistance coupling.
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Ques. 2.83. Draw a simple schematic diagram showing a
method of transformer coupling between two triode vacuum
tubes in an audio-frequency amplifier.

Ans. See Fig. 2-13.

| g
10 M

Fig. 2-13.  Inductive or transformer coupling.
Ques. 2.84. Draw a simple schematic diagram of a method

of impedance coupling between two vacuum tubes in an audio-
frequency amplifier.

Ans.  See Fig. 2-14.

f-—_""-_--"}
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Fig. 2-14. Impedance coupling.
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Ques. 2.85. 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.

Ans.  See Fig. 2-15.

Ly ﬁ’r -
N.c.lF .
T ' {

MAGNETIC COUPLING,Lm ELECTROSTATIC COUPLING, Cm
Fia. 2-15.  Antenna coupling systems.

7000

Ques. 2.86. Draw a simple schematic diagram showing a
method of coupling between two tetrode vacuum tubes in a
tuned radio-frequency amplifier.

Ans. See Iig. 2-16.

IiG. 2-16.  Interstage coupling system,
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Ques. 2.87. 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.

Ans.  See Fig. 2-17.

THIS METHOD MAY
N.C. ALSO BE USED

%

7
T

— -8 o0+8 #
FiG. 2-17. Interstage coupling and neutralization.
DIODE
_I:l Ques. 2.88. Drawasimple
| g schematic diagram of a diode
= vacuum tube connected for

diode detection, and showing
a method of coupling to an
audio amplifier.

Ans.  See Fig. 2-18.

F1a. 2-18. Diode detector and audio-
frequency amplifier.
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Ques. 2.89. Draw a simple schematic diagram of a triode
vacuum tube connected for plate or power detection.

Ans. See Fig. 2-19.

E_

= = -6 +8
FiG. 2-19. Power or plate detection system,

Ques. 2.90. Draw a simple schematic diagram of a triode
tube connected for grid-leak condenser detection.

Ans.  See Fig. 2-20.

E_

-8 +8
Fig. 2-20. Grid-leak detector.

41



RADIO OPERATING QUESTIONS AND ANSWERS

Ques. 2.91. Draw a simple schematic circuit of a regenera-
tive detector.

Ans. See Fig. 2-21.

INDUCTIVE OR TICKLER
FEED BACK COIL

ANTENNA

RADIO FREQUENCY
/BY‘PASS CONDENSEF

10 7T

v TELEPHONES
GRID
L CONDENSER FILAMENT
RHEOSTAT
w PLATE
= SUPPLY,

[ iy .J-hl' -
SECONDARY
CONDENSER
ANTENNA FILAMENT
ATTERY
.CONDENSER. 8

Fia, 2-21.  Regenerative detector.

Ques. 2.92. Draw a simple schematic circuit of a radio-
frequency doubler stage, indicating any pertinent points which
will distinguish this circuit as that of a frequency doubler.

Ans. See Figs. 2-22 and 5-3. The doubler illustrated in
Fig. 2-22 is identified only by its operating characteristics.
The adjustment of the doubler circuit to obtain rich harmonic
outputs is dependent upon grid bias, plate voltage, and output
tuning. The tube should be operated at reasonably high plate
potential, high grid bias (class C), and the plate-tank circuit
tuned to the second or third harmonic of the input frequency,
as required.
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Ques. 2.93. Draw a simple schematic dia-
gram showing the method of connecting three
resistors of equal value so that the total resist-
ance will be two-thirds the resistance of one
unit.

——AAA

Fra. 2-23.  Aps,  See Fig. 2-23.

Parallel resist-
ance combina-
tion,

Ques. 2.94. Draw a simple schematic dia-
gram showing the method of connecting three

resistors of equal value so that the total
resistance will be 114 times the resistance of
one unit.
Ans.  See Fig. 2-24. Fre. 2-24. Se-

ries-parallel
resistance com-
bination.

Ques. 2.95. Draw a simple schematic
diagram showing the method of connecting
three resistors of equal value so that the

total resistance will be one-third of one unit.
Fis. 2-25. Par-
allel resistance, Ans. See Fig_ 2.25.

combination,
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Ques. 2.96. 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.

Ans.  See Fig. 2-26.

e

T'16. 2-26. Series resistance combination.

Ques. 2.97. Draw a diagram of a single-button carbon-
microphone circuit, including the microphone transformer and
source of power.

Ans.  See Fig. 2-27,

MICROPHONE
[TRANSFORMER
SINGLE €
BUTTON
CARBON |||||__osw”°"
MICROPHONE

BATTERY
Fig. 2-27. Carbon-microphone circuit arrangement.

Ques. 2.98. What is meant by a “soft” vacuum tube?

Ans. A tube containing a small amount of gas which was
not thoroughly exhausted during the manufacturing process.

Ques. 2.99. Describe the physical structures of the tetrode
and pentode on a comparative basis.

Ans. The tetrode has four elements, namely, (1) cathode,
(2) control grid, (3) screen grid, and (4) plate.

The pentode has five elements, including all those mentioned
for the tetrode, and, in addition, a fifth element called the
suppressor grid. The suppressor grid is generally (but not
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always) connected directly to the cathode. Therefore, it
assumes a negative potential with respect to the plate and
retards secondary emission.

Ques. 2.100. Describe the electrical characteristics of the
pentode, tetrode, and triode on a comparative basis.

Ans. The pentode is a five-element tube, the distinctive
feature of which is a suppressor grid usually directly connected
to the cathode and serving to prevent secondary emission.
When the pentode is used as a power-output amplifier, the
suppressor makes possible a large power output with high gain,
because the plate swing can be made very large. When the
pentode is used as a radio-frequency amplifier, high-voltage
amplification is possible using moderate values of plate volt-
age. Because the pentode also has a screen grid, interelement
capacitance is minimized and an external system of neutraliza-
tion is generally unnecessary when the tube is used as a radio-
frequency amplifier,

The tetrode is a four-element tube, the distinctive feature of
which is a screen grid located between the control grid and the
plate. The screen grid serves to neutralize or reduce the grid-
to-plate capacitance, thus making the tube suitable for use in
most types of radio-frequency amplifier circuits without the
application of special neutralizing methods.

The screen grid is operated at a positive voltage lower than
that of the plate. A desirable result achieved is that the screen
grid makes plate current practically independent of plate volt-
age within limits. Because the screen grid is charged with a
positive potential, it serves as an extra force for pulling elec-
trons through the space charge. Because the plate current in
the tetrode is independent of the plate voltage, a much higher
gain per stage is possible with a tetrode than with a triode,
other conditions being equal.

The triode is a three-element tube, consisting of cathode,
grid, and plate. The purpose of the grid is to control the flow
of electrons from the filament to the plate. When the tube

46



BASIC THEORY AND PRACTICE Element 2

is used as an amplifier, the grid is usually operated with a
negative bias. A negative charge on the grid tends to reduce
plate current while a positive charge on the grid tends to
increase plate current. Therefore, when an alternating signal
voltage is applied to the grid, the plate current varies in accord-
ance with the applied signal voltage. Because there is electro-
static capacity between the grid and the plate, allowing a
feedback of radio-frequency energy between these elements,
it is necessary to compensate this interelement capacitance by
an external system of neutralization.

Ques. 2.101. What are the visible indications of a ‘“soft”
tube?

Ans. A “soft” tube may be detected by an excessive or
erratic flow of plate current. If the plate voltage is sufficiently
high to ionize the gas, a light-blue haze will be visualized
between the cathode and the plate.

Ques. 2.102. Describe the physical structure of a triode
vacuum tube.

Ans. A triode is a three-element vacuum tube, containing
a cathode and filament heater or a filament alone, a control
grid surrounding the cathode or filament, and a plate enveloping
the grid and cathode elements. The filament or cathode may
be of tungsten, thoriated tungsten, or oxide. The grid is com-
posed of small-spaced wire laterals or spirals. The plate is
generally a solid rectangle or cylinder. Grid and plate mate-
rials are usually of metal or metallized structures of molyb-
denum, nickel, iron, carbonized nickel, or manganese-nickel
alloys.

Ques. 2.103. Describe the physical structure of a tetrode

vacuum tube.

Ans. A tetrode is a four-element tube, containing the same
elements as the triode but with the addition of a second grid
spiral called a screen or shield grid. This screen grid is placed
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between the control grid and the plate of the tube. Unlike
the control grid, the screen grid is generally at positive poten-
tial with respect to the cathode. Its primary function is to
reduce the internal-control grid-to-plate capacitance and to
increase the over-all voltage amplification as compared with
a triode. (The amplification properties are also dependent
upon the output load impedance into which the tube func-
tions.) Frequently, as in the case of wide-band amplifiers,
the load impedance may be of such value as to give very little
gain, the objective being primarily to improve the band width
of the amplifier.

The control grid in a tetrode vacuum tube is shielded inter-
nally to reduce the capacity between it and the plate.

Ques. 2.104. Does a pentode vacuum tube usually require
neutralization when used as a radio-frequency amplifier?

Ans. No. The reduced grid-to-plate capacitance mini-
mizes the possibility of feedback. However, its use in very
high-frequency circuits may necessitate neutlallzatxon

Ques. 2.106. What is the meaning of “secondary emis-
sion”’?

Ans.  When primary electrons from the filament are drawn
to the plate of a vacuum tube with such force that they, in
turn, dislodge electrons from the surface of the plate by their
impact force, the electrons so dislodged are called “secondary
electrons.” The emission of these electrons from the plate is
called ‘ secondary emission” to differentiate it from the pri-
mary emission from the filament. Secondary emission opposes
and reduces the normal plate-current flow.

Ques. 2.106. What is the meaning of “electron emission’?

Ans. “FElectron emission” is the liberation of electrons
from a material when it is heated to a point at which electrons
break through the surface of the material.
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Ques. 2.107. Describe the characteristics of a vacuum tube
operating as a class C amplifier.

Ans.  This type of amplifier is very efficient because plate-
current pulses flow only during brief periods; these pulses are
of a duration appreciably less than one-half of each positive
cycle.  The class C amplifier runs cool, and its efficiency ranges
between 60 and 95 per cent (average practical operational value
approximately 65 per cent efficiency). The grid-bias adjust-
ment of a class C amplifier is generally between 114 to 4 times
the cut-off bias value. The plate power varies approximately
as the square of the plate voltage. High power outputs can
be obtained in properly adjusted class C amplifiers.

Ques. 2.108. During what portion of the excitation voltage
cycle does plate current flow when a tube is used as a class C
amplifier?

Ans.  (See Ques. 2.107.)

Ques. 2.109. Describe the characteristics of a vacuum tube
operating as a class A amplifier.,

Ans. The characteristics of a class A amplifier are that the
output wave shape is essentially a linear reproduction of the
grid voltage. The ratio of voltage amplification is high, but
the efficiency of the tube as an amplifier is low. Plate current
flows during the entire excitation cycle.

Ques. 2.110. Describe the characteristics of a vacuum
tube operating as a class B amplifier.

Ans. The output power of a class B amplifier is propor-
tional to the square of the excitation voltage. The practical
operating efficiency is approximately 3314 per cent. Grid-
bias adjustment is at or near the plate-current cut-off value.

This type of amplifier is frequently referred to as a ““linear”’
amplifier owing to its excellent output characteristics.
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Ques. 2.111. During what portion of the excitation voltage
cycle does plate current flow when a tube is used as a class B
amplifier?

Ans.  Plate current flows in a class B amplifier for a period
of approximately one-half of the grid excitation cycle.

Ques. 2.112. Does a properly operated class A audio ampli-
fier produce serious modification of the input wave form?

Ans. No. Its operation is essentially linear.

Ques. 2.113. What is the meaning of the term “maximum
plate dissipation’’?

Ans. “Plate dissipation’ refers to the quantity of power
lost at the plate of the tube in heat radiation. Maximum
dissipation is the amount of heat that can safely be accom-
modated at the plate without injury to the tube (e, X 7).

Ques. 2.114. What is meant by a ‘‘blocked grid”?

Ans. A tube has a ““blocked grid”’ when the grid bias is of
such a value as to shut off plate current.

Ques. 2.115. What is meant by the ‘“load” on a vacuum
tube?

Ans.  The resistance or impedance into which the output of
the tube is fed.

Ques. 2.116. What circuit and electron-tube factors
influence the voltage gain of a triode audio-frequency ampli-
fier stage?

Ans. The amplification factor of the tube, the value of
load resistance or impedance R,, the alternating current or
plate resistance of the tube 7, and the turns ratio of the
coupling transformer, if used.

Voltage gain (triode) = ','p'“ %ie;'
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Ques. 2.117. What is the purpose of a bias voltage on the
grid of an audio-frequency amplifier tube?

Ans.  The purpose of the biasing voltage on a class .\ audio-
frequency amplifier tube is to operate the tube at the center
of the straight portion of the characteristic curve to obtain a
symmetrical reproduction of the grid swing in the plate circuit.
If the signal is restricted within the straight portion of the
curve, distortion will be negligible.

In a class B amplifier the grid bias insures operation at or
near the cut-off point of the tube and also limits the grid-cur-
rent flow to the required value. It also permits considerably
higher excitation as compared with a class A amplifier.

Ques. 2.118. What is the primary purpose of a screen grid
in a vacuum tube?

Ans.  (See Ques. 2.100, 2.103, and 2.104.)

Ques. 2.119. What is the primary purpose of a suppressor
grid in a multi-element vacuum tube?

Ans. To retard the emission of secondary electrons from
the plate, which otherwise would flow to the sereen grid, redue-
ing plate current and limiting permissible plate swing.

Ques. 2.120. What is the meaning of the term ‘plate
saturation”?

Ans.  “Plate saturation” is the condition present when prac-
tically all the electrons which are emitted from the filament of
the tube reach the plate for the filament voltage applied.

Ques. 2.121. What is the most desirable factor in the
choice of a vacuum tube to be used as a voltage amplifier?

Ans.  The most desirable factor in a voltage amplifier tube
is a high mutual conductance (g.). .

Ques. 2.122. What is the principal advantage of a tetrode
over a triode as a radio-frequency amplifier?
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Ans. A tetrode does not require capacity neutralization
unless used in ultra-high- or very high-frequency circuits. A
tetrode in general also gives a higher voltage amplification than
a triode tube owing to its relatively higher mutual conductance
and amplification factor.

Ques. 2.123. What is the principal advantage of the
tetrode as compared to the triode, when used in a radio
receiver?

Ans. (See Ques. 2.122.)

Ques. 2.124. What is the principal advantage in the use of
a diode detector instead of a grid-leak-type triode detector?

Ans. The diode detector will give less distortion, particu-
larly on strong or high percentage modulated signals.

Ques. 2.125. Draw a grid-voltage-plate-current charac-
teristic curve of a vacuum tube and indicate the operating
points for class A, class B, and class C amplifier operation.

Ans. See Fig. 2-28.

Ep CLASS A-CENTER OF STRAIGHT
PORTION OF CURVE

CLASS B-AT OR NEAR THE CUT-OFF
PORTION OF CURVE

ASSUMED POINT CLASS C- ONE AND ONE-HALF TIMES
| OF ZERO BIAS OR MORE THAN THE
' CUT-OFF VALUE

.9
— o
CLASS C CLASS B CLASSA
WHEN AT 2'2 CUT-OFF AT CUT-OFF

(MAY BE PLACED ANYWHERE
FROM 12 TO 4 TIMES CUT-OFF }

Fig. 2-28. Vacuum-tube operating-curve adjustments for class A, class B,
and class C amplification.

Ques. 2.126. What operating conditions determine that a
tube is being used as a power detector?

Ans. Power detection or large-signal detection may be
obtained by either a diode, grid leak or plate-current cut-off
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type of detector under certain operating conditions. The most
frequently used types of power detectors in receivers are the
grid-leak large-signal detector and diode detector. The
operating conditions of power detection in general require a
relatively lower impedance in the detector load circuit as com-
pared with ordinary detectors. For example, in the grid-leak
or diode large-signal detector the grid-leak resistance and
diode load resistance are generally between 100,000 and
500,000 ohms as compared with 1 to 10 megohms in the ordi-
nary weak-signal grid-leak detector. (See also Ques. 2-134.)

Ques. 2.127. Why is it desirable to use an alternating-
current filament supply for vacuum tubes?

Ans. The use of alternating current on the filaments of
vacuum tubes eliminates the necessity for cumbersome fila-
ment batteries and charging apparatus or rectifier units and
filters for supplying direct current from an alternating-current
line. In general, the entire operation of the system is simpli-
fied because filament power can be taken directly from the
alternating-current line through a step-down transformer.
(See Ques. 2.128.)

Ques. 2.128. Why is it advisable periodically to reverse
the polarity of the filament potential of high-power vacuum
tubes when a direct-current filament supply is used?

Ans. It is advisable periodically to reverse the polarity of
the filament potential in order to lengthen the life of the fila-
ment. The electronic emission is not uniform over the entire
length of the filament since the variable space eurrent present
all along the filament causes a difference in the temperature
of the filament at various points along its length. Hence, the
resistance of the filament is altered with a consequent change in
the filament’s potential gradient. All of these effects taken
together, if allowed to operate without variation on a filament,
will tend to shorten its life. By reversing the filament poten-
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tial at regular intervals, this strain is periodically redis-
tributed on the filament and its life lengthened.

Ques. 2.129. Why is it important to maintain transmitting-
tube filaments at recommended voltages?

Ans. If the filament voltage is above normal, the life of the
tube is shortened. If the filament voltage is below normal,
the tube will not give optimum results because of a deficiency
in its electron-emitting qualities. IHence, it is important to
keep the filament voltage at the rated value.

Ques. 2.130. 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?

Ans. If the filament return circuits were connected to one
side of the filament, the bias on the grid would be varied by an
amount equal to the filament voltage at each reversal of fila-
ment polarity. This action would cause audio-frequency
modulation in the tube and a hum in the circuit.

Ques. 2.131. Explain the operation of a grid-leak type of
detector.

Ans. Grid-leak or square-law detection as illustrated in
Fig. 2-2 operates upon the principle of diode rectification in
the grid circuit with the exception that the rectified component
is amplified in the plate circuit. It isin reality a diode rectifier
and audio-frequency amplifier all in one.

When a modulated radio-frequency wave is applied to the
grid circuit and between the cathode and grid of the triode
tube, electrons will be attracted to the grid during the positive
halves of the incoming cycle. The electrons will flow through
the grid-leak resistance, which will develop an IR drop across
it and make the grid negative with respect to the cathode.
Hence, there is developed across the grid-leak resistance a
direct-current voltage drop which varies in accordance with
the amplitude changes of the modulated radio-frequency wave.
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Since the effect of the increase in grid current due to rectifica-
tion is to increase the IR drop across the grid leak, the average
grid voltage increases in a negative direction as the modulated
signal increases in amplitude. The average plate current
therefore decreases during these grid peak periods. If there-
for the input radio-frequency signal in the grid circuit is
amplitude-modulated, the resultant decrease in plate current
fluctuates at an audio-frequency rate, producing an amplified
audio-frequency voltage across the plate-circuit load.

Ques. 2.132. List and explain the characteristics of a
square-law type of vacuum-tube detector.

Ans. The grid-leak-and-condenser type detector is a
square-law detector, the output wave shape varying as the
square of the signal input voltage. This results in a detector
which is very sensitive but has a high percentage of harmonic
distortion. The square-law detector responds only to a
modulated signal input on its grid circuit. Hence, the
square-law detector cannot respond to continuous-wave
(type Al) emission applied to its grid circuit.

Ques. 2.133. Explain the operation of a diode type of
detector.

Ans. 'The operation of the diode detector is precisely the
same as the grid-leak detector explained in Ques. 2.131 with
the exception that the diode load is connected in the cathode
return. The audio-frequency voltages developed across the
diode load (Fig. 2-18) are then fed to the grid of an audio-fre-
quency amplifier.

Ques. 2.134. Explain the operation of a power or plate
rectification type of vacuum-tube detector.

Ans. In power or plate rectification the grid is biased
almost to the cut-off point. Hence, plate current flows only
during the positive alternation of the signal voltage impressed
on the grid, causing a consequent rise in plate current. The
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output wave shape conforms to that of the modulated radio-
frequency signal voltage.

Ques. 2.136. Is a grid-leak type of detector more or less
sensitive than a power detector (plate rectification)? Why?

Ans. The weak-signal type of grid-leak or square-law
detector is the more sensitive because it operates at zero bias
at which point the mutual conductance is maximum. The
plate detector operates near cut-off at which point the mutual
conductance is minimum,

Ques. 2.136. Describe what is meant by a class A amplifier.

Ans. A class A amplifier operates in such a manner that
the plate-output wave form is essentially the same as the
excitation grid voltage. Plate current flows during the entire
excitation cycle. The grid must usually not go positive on
excitation peaks, and the plate current must not fall low
enough at its minimum to cause distortion. (Adapted from
I.R.E. definitions.)

Ques. 2.137. What are the characteristics of a class A
audio amplifier?

Ans. A relatively high voltage gain, low efficiency with
linear output, and a constant direct-current plate component.
Low harmonic distortion if properly adjusted and operating
into a load impedance of at least 2r,.

Ques. 2.138. What will be the effect of incorrect grid bias
in a class A audio amplifier?

Ans.  An incorreet grid bias may cause nonsymmetry with
consequent distortion of the output wave form.

Ques. 2.139. What are the factors which determine the
bias voltage for the grid of a vacuum tube?

Ans. The efficiency to be achieved, the class of amplifier
operation, the excitation voltage available, the plate potential

56



BASIC THEORY AND PRACTICE Element 2

to be used, the permissible swing of the alternating-current
component, and the second-harmonic content allowed are all
factors which affect the final selection of bias voltage for the
grid of a vacuum tube.

Ques. 2.140. Why are tubes operated as class C amplifiers
not suited for audio-frequency amplification?

Ans. Class C amplifiers are not suited to audio-frequency
amplification primarily because of the high grid excitation,
grid bias, and plate-voltage requirements, also because the
distortion content as compared with a properly operated class
A amplifier is considerably greater.

Ques. 2.141. Draw a circuit of a frequency doubler and
explain its operation.

Ans. Sce Fig. 2-22 for diagram. The tube is biased
beyond the cut-off point. This produces a distorted plate-
current wave shape which contains a large percentage of
harmonies. The plate L-C circuit is tuned to twice the input
frequency (second harmonic).

In Fig. 5-3 frequency doubling is accomplished as follows:
The two grids are excited alternately 180 degrees out of phase.
When one grid is positive, the plate tank circuit is shocked into
oscillation, since both plates are connected in parallel. Owing
to the flywheel action of the tank circuit a complete cycle is
developed in the tank circuit for each excitation pulse. Hence,
since a grid excitation frequency of, say, 1 megacycle is
developed in the grid circuit, the plate circuit will oscillate at
2 megacycles. The parallel resonant adjustment of the plate
tank circuit must be tuned to twice the frequency of the grid
excitation frequency under these conditions.

Ques. 2.142, For what purpose is a doubler amplifier stage
used?

Ans. The doubler amplifier is used when an output fre-
quency greater than the maximum safe operating frequency
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of a crystal oscillator is desired, and also, in the case of ordi-
nary oscillators, to obtain better frequency stability by operat-
ing the oscillator at a lower frequency.

Ques. 2.143. Describe what is meant by “link coupling”
and for what purpose(s) is it used?

Ans.  “Link coupling” is the term applied to the coupling
provided between two major circuits by an intermediate link
circuit, which may, in turn, be defined as two inductors joined
by a relatively short transmission line and inductively coupled
to the major circuits. See Fig. 3-7.

Ques. 2.144. What factors may cause low plate current in
a vacuum-tube amplifier?

Ans. Low plate current may be caused by defective tubes,
excessive grid bias, or defective filter or by pass condensers,
low operating voltages, insufficient grid excitation in a class B
or C amplifier.

Ques. 2.145. Given the following electron-tube constants:
E, = 1,000 volts, I, = 160 milliamperes, I, = 10 millamperes,
and grid leak = 5,000 ohms, what would be the value of
direct-current grid-bias voltage?

Ans. 50 volts. E = IR = 0.01 X 5,000 = 50 volts.

Ques. 2.146. Explain how you would determine the value
of cathode-bias resistance necessary to provide correct grid
bias for any particular amplifier.

Ans.  The correct value of resistance may be determined by
reference to the static characteristics of the tube plate, screen-
grid currents. The desired bias voltage required E, for a given
value of plate voltage.

E (bias s voltage required)
T (total cathode resistor currents)
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Ques. 2.147. What is the chemical composition of the
active material composing the negative plate of a lead-acid
type of storage cell?

Ans. Pure sponge lead, Pb.

Ques. 2.148. What is the chemical composition of the
active material composing the negative plate of an Edison-
type storage cell?

Ans.  Iron oxide.

Ques. 2.149. What is the chemical composition of the
active material composing the positive plate of a lead-acid
type storage cell?

Ans. Lead dioxide, PbO..

Ques., 2.160. How does a primary cell differ from a
secondary cell?

Ans. A secondary cell can be recharged; a primary cell
cannot be recharged. As used in radio the secondary cell is
either the familiar lead-type or the Edison storage battery; the
primary cell is a dry cell.

Ques. 2.161. What is the chemical composition of the
active material composing the positive plate of an Edison-
type storage cell?

Ans. Nickel hydroxide and exceedingly thin flakes of pure
nickel.

Ques. 2.162. What is the chemical composition of the
electrolyte used in an Edison-type storage cell?

Ans. A 21 per cent solution of potassium hydroxide
mixed with distilled water to which is added a small amount
of lithium hydrate.
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Ques. 2.163. What is the chemical composition of the
electrolyte of a lead-acid storage cell?

Ans. A dilute solution of sulphuric acid mixed with dis-
tilled water. Specific gravity at full charge, 1.250.

Ques. 2.164. What is ‘“polarization” as applied to a primary
cell, and how may its effect be counteracted?

Ans.  “Polarization’’ is the formation on the surface of the
positive electrode of a cell of a film of hydrogen bubbles. This
film sets up a counter e.m.f. which results in a so-called
“‘polarization current.” Polarization also increases the resist-
ance hetween the electrolyte and the positive plate, resulting
in a further decrease in the capacity of the cell. The effects
of polarization can be minimized by the use of a depolarizing
agent. The depolarizer, when the electrolyte is sulphuric
acid, may be cupric sulphate or, if the electrolyte is sal
ammoniac, manganese dioxide.

Ques. 2.166. Describe three causes of a decrease in
capacity of an Edison-type storage cell.

Ans. 1. Allowing the temperature to go above 115 degrees
Fahrenheit.

2. The aging of the electrolyte.

3. The adding of impure water to replace that lost by
evaporation.

Ques. 2.166. What is the cause of the heat developed
within a storage cell under charge or discharge condition?

Ans. Charging or discharging the cell at too high a rate,
raising the IR drop.

Ques. 2.167. How may a dry cell be tested to determine
its condition?

Ans. By a voltage test under normal full-load conditions.
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Ques. 2.168. What will be the result of discharging a lead-
acid storage cell at an excessively high current rate?

Ans. The only damage from a too heavy discharge rate is
to the connecting leads and wires. The battery itself will not
be affected unless overdischarged.

Ques. 2.169. What is the approximate fully charged voltage
of an Edison storage cell?

Ans. 1.37 volts.

Ques. 2.160. 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?

Ans. The internal resistance is neglected. It may be
assumed that the question reads, what current flows through a
3-watt, 6-volt lamp.

Solution:
w3
I= E; = 6 =05 ampere.
Ques. 2.161. What is the approximate fully charged voltage
of a lead-acid cell?

Ans. 2.10 volts.

Ques. 2.162. Why is low internal resistance desirable in
a storage cell?

Ans. The capacity of the cell is determined, in part, by its
internal resistance. Therefore, the lower the internal resist-
ance the greater will be the output capacity of the cell.

Ques. 2.163. How may the condition of charge of an Edison
cell best be determined?

Ans. Inasmuch as the specific gravity of the electrolyte of
the Edison cell does not vary during charge and discharge, the
only practical method of ascertaining the condition of charge
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in the Edison cell is to take a voltage reading under normal
load conditions. An ampere-hour meter, if available on the
charging panel, will show directly the amount of charge in a
battery.

Ques. 2.164. If the charging current through a storage
battery is maintained at the normal rate, but its polarity is
reversed, what will result?

Ans. It is obvious that the battery would then be in series
with the charging generator instead of heing parallel to it.
Hence, the battery would be discharged instead of charged.
In time, severe sulphation would result and the battery might
be ruined.

Ques. 2.165. What are the effects of sulphation?

Ans. When a cell discharges, sulphate of lead is being
formed on the plates. When the cell is charged, this sulphate
of lead is forced back into the electrolyte. If the charging
process is discontinued before all the sulphate of lead is recon-
verted, a residue will remain. When the next discharge cycle
occurs, this residue will be present in addition to the newly
formed sulphate of lead. If, then, again the recharging process
is not sufficient to reconvert all of the lead sulphate, a condition
will be reached where an excessive amount of sulphate of lead
is on the surface of the plate. The cell is then said to be
“sulphated.” The effects of sulphation are lowered cell
capacity and output voltage.

Ques. 2.166. How may the state of charge of a lead-acid
storage cell be determined?

Ans. There are three methods of testing a lead cell for
state of charge, as follows:

1. Observe the reading of the ampere-hour meter.

2. Take a specific gravity reading of the electrolyte with a
hydrometer.
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3. Measure the voltage of the battery under load. The
first two tests are most desirable.

Ques. 2.167. Why is laminated iron or steel generally used
in the construction of the field and armature cores of motors
and generators instead of solid metal?

Ans. To reduce eddy currents. If a solid core were used,
excessive heating would result from the unhindered formation
of eddy currents throughout the entire core material. By
using laminated iron or steel, the formation of eddy currents
is retarded to a negligible value.

Ques. 2.168. What is the purpose of commutating poles
or interpoles in a direct-current motor?

Ans. Commutating poles are provided to counteract the
self-induction in the armature coil, which is in contact with the
brush. This reduces sparking at the brushes to a minimum
because the reversal of current in the armature comes while
the armature coils are still short-circuited by the brush, and
the self-induction effect present is low.

Ques. 2.169. How may the output voltage of a separately
excited alternating-current generator, at constant output fre-
quency, be varied?

Ans. ‘This may be accomplished by varving the excitation
voltage through the medium of a variable rheostat (resistance)
in series with the field.

Ques. 2.170. 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)?

Ans. If the field of a shunt-wound machine is opened while
the machine is running, the counter e.m.f., ordinarily generated
in the armature by the field, disappears with the result that
the machine will race badly and possibly damage itself by its
excessive speed. The armature may burn out.
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Ques. 2.171. Name four causes of excessive sparking at
the brushes of a direct-current motor or generator.

Ans. There are many causes for excessive sparking at the
brushes of a direct-current machine as follows:
Overloaded.
Poor brush fitting or worn brush.
Open in armature circuit.
High commutator bar.
Dirty commutator.
Too rapid starting.
Brushes off neutral point.

5N 2 (0 > 09 (9 =

Ques. 2.172. What is the purpose of a commutator on a
direct-current motor? On a direct-current generator?

Ans.  On a motor, the purpose of the commutator is peri-
odically to apply the correct polarity of current flow to each
armature coil.  On a generator, the purpose of the commutator
is periodically to reverse the polarity of the output voltage.
The commutator is effectively a rectifier.

Ques. 2.173. What is meant by ‘“counter e.m.f.” in a
direct-current motor?

Ans.  The “counter e.m.f.” in a direct-current motor is the
e.m.f. induced in the armature winding when it rotates in the
motor field. The counter e.m.f. is of opposite polarity to
the applied e.m.f. Therefore, it acts as a limiting device on
the speed of the machine.

Ques. 2.174. What determines the speed of a synchronous
motor?

Ans. The frequency of the alternating current (f) supplied
to the motor and the number of its pairs of poles (P).
(S = 120f/P r.p.m.)

Ques. 2.176. Describe the action and list the main char-
acteristics of a shunt-wound direct-current motor.
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Ans. The principal characteristic of the shunt-wound
motor is that it will maintain a fairly constant speed under
varying load conditions. Action is such that when the motor
has reached full speed without load, the counter e.m.f. is
almost the same as the e.m.f. supplied to the motor. Hence,
the motor is drawing a minimum current. As soon as a load
is applied to the motor, it tends to slow down, but as it does
so the counter e.m.f. becomes less, which compensates for the
load drag by allowing the machine to increase its speed.

Ques. 2.176. Describe the action and list the main char-
acteristics of a series direct-current motor.

Ans.  See Ques. 6.226.

Ques. 2.177. Describe the action and list the main char-
acteristics of a series direct-current generator.

Ans. The field of the series direct-current generator is in
series with its armature. Ience, it must carry the full-load
current delivered by the machine. For this reason, the field
consists of a few turns of heavy wire. The principal charac-
teristics of the series direct-current generator is variable out-
put voltage under variable load conditions; ¢.e., the output
voltage depends on the amount of load the machine is carrying.
Because of this characteristic the series direct-current genera-
tor has practically no useful applications.

Ques. 2.178. List the main advantages of a full-wave
rectifier as compared with a half-wave rectifier.

Ans. The main advantages of a full-wave rectifier are low
hum level, higher average output voltages, increased current-
carrying capacity, and lower filter component requirements.
The increased filtering advantages are obtained owing to the
doubling of the output ripple frequency.

Ques. 2.179. Why may a transformer not be used with
direct current?
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Ans.  An excessive current flow would result, and the trans-
former primary may burn out. The transformer works on
the principle of induction, which requires a changing magnetic
field to induce an electromotive force into its secondary
winding. Only a pulsating direct current such as is developed
by a mechanical vibrator or an alternating current will produce
this effect. Another viewpoint is the fact that only pulsating
or alternating current in the primary will limit the current
flow because of its reacting effect upon the source electromotive
force. The primary offers only its low direct-current resist-
ance to the flow of direct current, while with alternating cur-
rent the current flow through the winding is limited by resist-
ance and reactance (impedance).

Ques. 2.180. What are the primary advantages of a high-
vacuum rectifier as compared with the hot-cathode mercury-
vapor rectifier?

Ans. The principal advantages of the high-vacuum rectifier
are that it may have higher maximum-peak, inverse-voltage,
and power-output ratings. Although the voltage regulation
of the high-vacuum-type rectifier is not so satisfactory as the
hot-cathode mercury-vapor rectifier, the high-vacuum rectifier
will stand a greater amount of abuse under high-power load
conditions than will the mercury-vapor type. This is par-
ticularly true of the filaments in these tubes, the mercury-vapor
tube's filament being susceptible to damage under improper
operating conditions.

Ques. 2.181. What are the primary characteristics of a
gas-filled rectifier tube?

Ans.  This type of amplitier tube operates upon the princi-
ple of “ionization due to collision.” Some of its characteristics
are as follows:

1. High current-carrying ability.

2. Low and constant voltage drop while conducting,

3. Good voltage regulation.
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4, Cathode easily damaged by overload.

5. “Flash back” will result from excessive inverse peak
voltages.

6. Must be used with choke-input filter to limit starting
current.

7. Steep current wave fronts produce radio-frequency and
audio-frequency *‘hash” which must be filtered to reduce
interference.

Ques. 2.182. What are the primary advantages of a
mercury-vapor rectifier as compared with the thermionic high-
vacuum rectifier?

Ans. The primary advantage of a mercury-vapor rectifier
is that it has a voltage drop in the tube of only 15 volts under
normal operating conditions, regardless of load. The voltage
drop in the high-vacuum rectifier tube varies with the load
conditions. Because of the low drop in the mercury-vapor
type, there is less heat dissipated in the tube, and the tube,
therefore, is usually self-cooling. On the other hand, owing
to the high-voltage drop under heavy load conditions in the
high-vacuum type of rectifier, the tube must dissipate a con-
siderable amount of heat. This makes it necessary to use a
water jacket on the high-power type of tube. Also, because
of the low internal voltage drop in the mercury-vapor rectifier
tube, the voltage regulation is better with this tube than it is
with the high-vacuum type. Iligh-vacuum-type rectifier
tubes are used in both receivers and transmitters. Water-
cooling is necessary, of course, only in the high-power trans-
mitter types.

Ques. 2.183. Why is it desirable to have low-resistance
filter chokes?

Ans. The lower the resistance of the filter chokes the less
the voltage drop around these chokes and the greater the
value of voltage available at the output terminals.
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Ques. 2.184. 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?

Ans. To distribute the voltage strain evenly between the
condensers and to discharge the condensers after shutdown.

Ques. 2.185. What is the primary purpose of a bleeder as
used in a filter system?

Ans.  The purpose of a bleeder as used in a filter system is
to improve the regulation of the system. The bleeder also
serves to discharge the filter condensers after shutdown, thus
providing protection to the personnel against shock.

Ques. 2.186. Describe the construction and characteristics
(1) of a thermocouple type of meter, (2) of a wattmeter.

Ans.  Figures 2-29 and 2-30 illustrate the component parts
of a thermocouple and a wattmeter, respectively.

SENSITIVE GALVANOMETER
MILLIAMETER OR MILLI-
VOLTMETER (DYNAMOMETER
TYPE METER)

MOVING
coiL
PERMANENT
MAGNET
THERMO- MAGNETIC
COUPLE CORE

_ ~-THERMAL
===} JUNCTION,

0, T,
’

HEATER STRIP {RIBBON CONDUCTOR)
F16. 2-29. Thermocouple type of meter.

The thermocouple ammeter consists of a sensitive millivolt-
meter or a I)’Arsonval moving-coil (galvanometer) type of
meter. The thermocouple isconnected to the leads of the mov-
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ing coil through the spiral torque springs. Thethermo junction
of dissimilar metals is joined to a current-conducting strip.
When an alternating high-frequency or low-frequency current
flows along the strip, heat generated at the thermo junction
develops a direct-current e.m.f. at the free ends of the thermo-
couple. The heating effect therefore is proportional to the
square of the current. Both direct and alternating currents
can be measured with this type of meter.

The wattmeter illustrated in Fig. 2-30 consists of a voltage
coil and current coil connected as shown. This type of instru-

/~——7-CURRENT COIL (MEAVY WIRE)
/.
T 4T MOVABLE

SOURCE
A.C.

LOAD
DEVICE

—_———-

T

L VOLTAGE COIL {STATIONARY)
Fig. 2-30. Dynamometer type of wattmeter.

ment reads the true power EI power factor (cos ) directly in
watts or kilowatts depending upon the calibration. True
power is indicated because the torque of the movement is
proportional to the product of EI cos 6.

Ques. 2.187. Describe the construction and characteristics
of a D’Arsonval type of meter.

Ans. The D’Arsonval galvanometer or moving-coil type
of meter illustrated in Fig. 2-29 operates upon the fundamental
principles of a direct-current motor. A moving coil frame
supported on pivots (armature) is positioned in the magnetic
field of a permanent magnet. A current flowing through the
coil creates a magnetic field which causes the lines of force
produced by the coil and the permanent field to distort, result-
ing in a torque or twist of the moving-coil element. This type
of instrument measures extremely small direct currents and is
very sensitive. Only very small voltages must be applied to
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avoid damage. The instrument can be used as a voltmeter or
ammeter by providing series resistance or shunts, respectively.
The deflection, when used on pure direct current alone, is pro-
portional to the current and to the square root of the resistance.

In the measurement of alternating currents, the galvanom-
eter, in conjunction with a copper oxide rectifier, is generally
calibrated from a pure sine wave to give a scale indication
which is the effective value of the wave. This effective value is
evaluated from the average amplitude of the alternating-cur-
rent wave.

If a rectifier and galvanometer are used for measuring direct-
current values, the instrument measures the average value of
the ripple or rectified frequency.

Ques. 2.188. Describe the construction and characteristics
of a repulsion-type ammeter.

Ans.  Figure 2-31 illustrates the construction of a repulsion
or iron-vane type of meter.

TS VT _ STATIONARY COIL

(SOFT 1IRON CYLINDER)

LSTATIONARY VANE (SOFT IRON VANE)
F1a. 2-31. Repulsion type of meter.

When a current flows through the stationary coil, a magnetic
field is developed around it which, in turn, magnetizes the
movable and stationary iron vane cylinders. The magnetiza-
tion of the two vanes causes the two cylinders to repel each
other, resulting in the displacement of the movable cylinder
and corresponding movement of the pointer across the scale.
It is important here to note that the induced magnetic polarity
at each end of the cylinders is always the same, NN or SS,
regardless of the direction of current flow. Hence the moving

70



BASIC THEORY AND PRACTICE Element 2

coil and pointer will always move in one direction thus enabling
the instrument to reach both direct- and alternating-current
flow. This type of movement can be used to indicate effective
values of volts and amperes.

Ques. 2.189. Describe the construction and characteristics
of a dynamometer-type indicating instrument.

Ans. The dynamometer or electrodvnamometer type of
meter is illustrated in Fig. 2-32. Its operation is the same as
the galvanometer with the exception that no permanent mag-

,MOVABLE COIL

i S

T = === s7ATIONARY
coILs

Fia. 2-32. Electrodynamometer type of meter.

net is employed. The three coils are connected in series in
such a manner that a current flowing through the coils in series
results in a distortion of the magnetic field and causes the
moving coil and pointer to move in a clockwise direction.
The deflection is proportional to the square of the current.
This type of meter can be used in both alternating- and
direct-current circuits and reads the effective value of the
voltage wave.

Ques. 2.190. If two voltmeters are connected in series,
how would you be able to determine the total drop across both
instruments?

Ans. The total voltage drop across both instruments would
be the sum of the individual meter readings.
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Ques. 2.191. What type of meters may be used to measure
radio-frequency currents?

Ans. The thermocouple ammeter and the hot-wire
ammeter.

Ques. 2.192. If two voltmeters are connected in parallel,
how may the total voltage drop across both instruments be
determined?

Ans.  The total voltage drop across both instruments would
be the reading of either one of the meters.

Ques. 2.193. Why are copper oxide rectifiers, associated
with direct-current voltmeters for the purpose of measuring
alternating current, not suitable for the measurement of volt-
ages at radio frequencies?

Ans.  Copper oxide rectifiers are not suitable for the meas-
urement of voltages at radio frequencies because at these fre-
quencies the capacity of the rectifier unit would pass the
radio-frequency current without rectification, thus making the
reading inaccurate.

Ques. 2.194. If two ammeters are connected in paral-
lel, how may the total current through the two meters be
determined?

Ans.  The total current through two ammeters connected in
parallel is the sum of the individual meter readings.

Ques. 2.195. Is the angular scale deflection of a repulsion
iron-vane ammeter proportional to the square or square root
of the current or merely directly proportional to the current?

Ans. The scale deflection of a repulsion iron-vane ammeter
is proportional to the square of the current.

Ques. 2.196. Does an alternating-current ammeter indi-
cate peak, average, or effective values of current?
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Ans. An alternating-current ammeter, exclusive of copper
oxide types, indicates the effective value of current.

Ques. 2.197. If two ammeters are connected in series, how
may the total current through the two meters be determined?

Ans. The total current through two ammeters connected
in series is the average of the individual meter readings.

Ques. 2.198. How may a direct-current milliammeter, in
an emergency, be used to indicate voltage?

Ans. By using it in series with a resistor of known value.
This resistor must be of a value sufficiently great so that an
excessive current will not flow through the meter and burn it
out. The formula for figuring the value of the multiplier is
as follows:

R = ————;—-——Ea ohms,

where E, is the full-scale deflection desired.
E, is the voltage drop in the meter for full-scale deflec-
tion.
I is the current flow in the meter for full-scale deflec-

tion.

Ques. 2.199. What is the purpose of multiplier resistance
used with a voltmeter?

Ans. The purpose of the multiplier resistance, as used with
a voltmeter, is to increase the range of the meter.

Ques. 2.200. What type of indicating instrument is best
suited for use in measuring radio-frequency currents?

Ans. The thermocouple type of radio-frequency ammeter.

Ques. 2.201. What is the purpose of a shunt as used with
an ammeter?
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Ans. The purpose of a shunt 2, as used with an ammeter is
to extend the current reading range of the instrument.

Igmeter

R;=C\—,—tT)’

where N is the multiplication factor.

Ques. 2.202. What effects might be caused by a shorted
grid condenser in a three-circuit regenerative receiver?

Ans. A short-circuited grid condenser in a three-civcuit
regenerative receiver would prevent rectification (detection)
of the modulated signal. The automatic grid-biasing action
due to the grid condenser and grid-leak combination would be
eliminated. No regeneration or rectification would result
unless a small amount of cathode bias is present in the circuit.

Ques. 2.203. What would be the effect of a short-circuited
coupling condenser in a conventional resistance-coupled
audio amplifier?

Ans. The effect of g short-circuited coupling condenser in
a conventional resistance-coupled audio amplifier would be to
allow the grid of the following tube to become positively biased,
causing heavy grid and plate currents to flow. Under these
conditions a continuous grid current and heavy plate current
will flow, which completely alters the linearity of the operating
curve and which results in severe distortion. In addition, the
heavy II¢ drops in the plate circuit will result in a great
decrease in plate potential and volume.

Ques. 2.204. What might be the cause of low sensitivity of
a three-circuit regenerative receiver?

Ans. This condition may be the result of low plate voltage,
reversed feedback coil winding, incorrect value or change in
grid-leak resistance, leaky grid condenser, low filament poten-
tial, or defective tube.
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Ques. 2.206. What is the effect of local action in a lead-
acid storage cell, and how may it be compensated?

Ans. Local action tends to discharge the cell very slowly.
Therefore, over a period of time, the capacity of a cell would
be decreased. Local action is prevented as much as possible
(1) by the manufacturer in making the active materials as
pure as possible and (2) by keeping the cells on trickle charge.

Ques. 2.206. Why should adequate ventilation be provided
in the room housing a large group of storage cells?

Ans.  The room housing a large group of storage cells should
be well ventilated in order to allow the escape of gas fumes
generated during the charging process. Smoking must not he
permitted, especially when the batteries are on charge. If
covers are provided on the battery boxes, they should be
removed during the charging period.

Ques. 2.207. When should distilled water be added to a
lead-acid storage cell, and for what purpose is it added?

Ans.  Distilled water should be added when the level of the
clectrolyte has been reduced below normal by evaporation.
Distilled water is added because the batteries operate best
when the plates are entirely covered by electrolyte.

Ques. 2.208. How may the polarity of the charging source
to be used with a storage battery be determined?

Ans. If a suitable instrument is not at hand, the positive
and negative sides of the line may be determined on circuits
of 110 volts or less by dipping the ends of the two wires in a
glass of water in which a very small amount of common table
salt, potash, or acid electrolyte has been dissolved. Keep the
wires about 1 inch apart. When there is current flowing, gas
bubbles will form on both wires, but the wire where the
greater amount of gas bubbles is being formed will be the
negative side of the circuit.
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Another method to determine the polarity of the line is to
place the two wires about 17 inch apart on a wet piece of blue
litmus paper. Where the positive wire touches the wet paper,
a red mark will appear if current is flowing.

When employing these tests, the operator must use extreme
care not to short-circuit the line or to get himself in contact
with both sides of the line at once.

Ques. 2.209. Describe the care which should be given a
group of storage cells to maintain them in good operating
condition.

Ans. A battery equipment, regardless of type, should have
careful attention. The electrolyte should be kept about
15 inch above the top of the plates by replacing loss due to
evaporation with distilled water. The electrolyte level should
never be maintained by replacing acid unless the electrolyte
is in some way spilled out. The acid does not evaporate, it
being the water in the electrolyte that is so reduced. It is
important that the battery be kept fully charged, not only
so that it may be ready for immediate use but also because it
is best for the internal condition of the individual cells. The
condition of charge of a lead-eell battery may be checked up
by taking combined hydrometer and voltmeter readings of the
individual cells. If the cells as a whole show comparatively
low hydrometer readings, they should be charged. A low-
voltage reading indicates the same condition. Radio batteries
should be given a check-up about once a month. If a cell
shows an unnatural condition such as low specific gravity
reading and low-voltage reading, it may indicate sulphation
or plate buckling, and it should be cut out of the circuit by
disconnecting the lead-strap connectors and jumping the bad
cell. As soon as possible the bad eell should be taken out and
repaired. The battery should be promptly recharged when
the voltage of the individual cell reaches 1.7 volts; therefore
the voltage of the entire bank would read 1.7 X number of
cells. A battery should not be charged more frequently than
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once a week unless the service requires it. The few simple
rules listed below apply to all cells.
1. Keep open flames away from the battery at all times.
2. Replace spilled electrolyte before charging.
3. When water in cell evaporates, add distilled or pure
water.
4. Never allow cells to remain in discharged condition.
Mix electrolyte in clean earthen or glass jars.
Allow solution to cool before putting into cell.
Never pour water into sulphuric acid.
Never allow salt to get into cell.
9. Use only absolutely pure chemicals and water.

10. Always provide plenty of ventilation.

11. If burned by sulphuric acid apply ammonium hydroxide
or baking soda.

12. Don't charge at a too high rate.

13. Don't discharge at a too high rate.

14. When not in use, keep on trickle charge.

15. Take frequent voltage readings.

16. Take occasional hydrometer readings.

17. Keep the level of the electrolyte about 14 inch above the
plates by adding chemically pure water.

18. Give an overcharge about once a month.

19. Keep the tops of each battery dry to prevent current
leakage.

20. Keep all electrical connections free from corrosion by
applying a very thin layer of vaseline after the connection has
been made.

21. Do not add acid unless some has been lost due to spilling
or flooding, and not even then unless the specific gravity read-
ing does not come up to normal after charging.

Oversulphation may be caused by

1. Wrong specific gravity of electrolyte.

2. Overdischarge.

3. Allowing cell to remain too long in a discharged
condition.

N oo

®
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Ques. 2.210. What may cause the plates of a lead-acid
storage cell to buckle?

Ans. Overdischarge.

Ques. 2.211, What may cause sulphation of a lead-acid
storage cell?

Ans. Sulphation is caused by improper charging over a
long period of time. Overdischarge will also cause sulphation.

Ques. 2.212. What chemical may be used to neutralize a
storage cell acid electrolyte?

Ans. Ammonia or sodium bicarbonate, commonly known
as baking soda.

Ques. 2.213. What steps may be taken to prevent corrosion
of lead-acid storage cell terminals?

Ans. The terminals should be kept clean and coated with a
light coating of vaseline.

Ques. 2.214. Why are by-pass condensers often connected
across the brushes of a high-voltage direct-current generator?

Ans. By-pass condensers are often connected across the
brushes of a high-voltage direct-current generator to act as a
protective device to prevent the generator windings from being
punctured should a high-voltage kickback occur from the high-
frequency circuits. These condensers are usually made up
into a unit consisting of two condensers in series, the out
terminals being connected across the generator and the center
terminal to ground.

Ques. 2.2156. What may cause a motor-generator bearing
to overheat?

Ans. The bearing of a motor generator may be caused to
overheat by the lack of sufficient lubrication. This, in turn,
may be caused by a defective oil ring or, in the larger machines,
by a defect in the lubricating oil line.
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Ques. 2.216. How may the radio-frequency interference,
often caused by sparking at the brushes of a high-voltage
generator, be minimized?

Ans. Usually by the use of a ripple filter, consisting of two
I-microfarad condensers and a 10-henry heavy current capac-
ity choke. In addition a radio-frequency filter consisting of
radio-frequency chokes and radio-frequency by-pass condens-
ers is sometimes used.

Ques. 2.217. Why are high-reactance head telephones
generally more satisfactory for use with radio receivers than
low-reactance types?

Ans. High-reactance or high-impedance telephones possess
a greater ampere-turns ratio as compared with low-reactance
types especially as related to weak-signal current flow. Hence
they possess a greater sensitivity to weak signals. High-
impedance-type telephones also provide a better load-imped-
ance match to the output of an audio-frequency amplifier or
detector tube.

Ques. 2.218. What may cause packing of the carbon
granules in a carbon button microphone?

Ans. Excessive carbon current, jarring with current on.

Ques. 2.219. Why should polarity be observed in connect-
ing head telephones directly in the plate circuit of a vacuum
tube?

Ans. When the head telephones are connected directly in
the plate circuit of a vacuum tube, direct current flows through
their magnet windings. Unless the direction of this current
is correct, this current will serve to demagnetize these magnets
and render the head telephones insensitive. On the other
hand, if the direction of this current is proper, the magnetic
strength of the magnets will be kept up to normal.
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Ques. 2.220. What precautions should be observed in the
use of a double-button carbon microphone?

Ans.  The current should be balanced in each button and
should not exceed 30 milliamperes. The microphone should
not be handled with the current on. Thesound level impressed
on the diaphragm of the microphone should not be high
enough to cause ‘“blasting.” This type of microphone should
be kept dry and free from exposure to moisture.

Ques. 2.221. If low-impedance head telephones of the
order of 76 ohms are to be connected to the output of a
vacuum-tube amplifier, how may this be done to permit most
satisfactory operation?

Ans.  To do this satisfactorily, an output transformer must
be used. The input side of this transformer must have an
impedance equal to at least twice the tube’s plate resistance.
The output must be designed to make the head telephones’
load reflect the desired impedance to the tube. This is done

by using the proper turns ratio N, where N = gﬂ (approxi-
L

mately), where R, = plate resistance and R, = the load
resistance.

Ques. 2.222. What is the effect on the resonant frequency
of adding an inductor in series with an antenna?

Ans. The resonant frequency of the antenna system will be
decreased.

Ques. 2.223. What is the effect on the resonant frequency
of adding a capacitor in series with an antenna?

Ans.  The resonant frequency of the antenna system will be

increased.

Ques. 2.224. What is the velocity of propagation of radio-
frequency waves in space?
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Ans.  Three hundred million meters per second or 186,000
miles per second.

Ques. 2.225. What is the relationship between the elec-
trical and physical length of a Hertzian antenna?

Ans. A Hertz antenna will radiate a wave equal to approxi-
mately twice its physical length.

Ques. 2.226. If you desire to operate on a frequency lower
than the resonant frequency of an available Marconi antenna,
how may this be accomplished?

Ans. This may be accomplished by adding an inductance
in series with the antenna. This will make the antenna
resonant at a lower frequency.

Ques. 2.227. What will be the effect upon the resonant
frequency if the physical length of a Hertzian antenna is
reduced?

Ans.  The resonant frequency of the antenna will be higher.

Ques. 2.228. Which type of antenna has a minimum of
directional characteristics in the horizontal plane?

Ans.  The single-radiator vertical antenna.

Ques. 2.229. What factors determine the resonant fre-
quency of any particular antenna?

Ans. The physical length of the antenna determines the
resonant frequency, depending upon the type of antenna used,
i.e., whether it is grounded or ungrounded. The wavelength
of the grounded antenna is approximately 1.2 to 4.5 times its
physical length. The Hertz ungrounded antenna has a wave-
length of twice its physical length.

Ques. 2.230. 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?
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Ans. The formula used would be I2R, where I is the current
at the base of the antenna and & is the radiation resistance.

Ques. 2.231. Does the resistance of a copper conductor
vary with variations in temperature and if so, in what manner?

Ans. The resistance of a copper conductor varies directly
with any change in temperature; .e., as the heat increases,
the resistance increases and vice versa.

Ques. 2.232. What type of insulator is best suited for use
as an antenna strain insulator which is exposed to the elements?

Ans. Electrical glazed porcelain is best suited for use as an
antenna strain insulator.

Ques, 2.233. What material is frequently used for relay
contacts? Why?

Ans. Silver, because it has low resistance, exhibits a mini-
mum amount of corrosion, and does not pit easily. Tungsten
is also commonly used.

Ques. 2.234. Describe the operation of a crystal detector
(rectifier).

Ans. A simple radio receiver using a crystal detector
is comprised of a radio-frequency transformer, a variable
tuning condenser, a galena or silicon crystal, and a pair
of high-resistance telephones (2,000 to 8,000 ohms) shunted
by a small radio-frequency by-pass condenser (0.0001 to 0.0005
microfarads).

The unilateral conductivity of the erystal permits a current
to flow through it in one direction only and thereby makes it
possible to ‘“‘detect” a modulated radio-frequency wave and
produce an audible response in the telephones.

The operation is as follows: When the tuned circuit is
adjusted to resonance for a given modulated signal frequency,
an alternating high-frequency voltage, which is varying in
amplitude in accordance with the modulating frequency, is
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developed across the tuned circuit. Owing to the rectifying
action of the crystal, the low-frequency and high-frequency
components of the signal pass through the circuit in one direc-
tion only. The rectified radio-frequency pulses pass through
the by-pass condenser, and the low-frequency tonal groups
pass through the telephones. The high impedance of the
small by-pass condenser to the audio frequencies enables the
full audio-frequency voltage of the rectified modulated signal
to act across the high-impedance telephones. Thus, a series
of low-frequency pulses actuates the diaphragm through the
telephone windings to produce an audible response. The
detecting action is therefore simply a process of changing the
high-frequency signal to a low-frequency signal by the crystal
rectifying action.

Ques. 2.235. Define a “damped wave.”

Ans. A “damped wave” may be defined as an oscillatory
wave train, the energy of which gradually decreases with time
until the wave is damped out. It may also be defined as a
series of pulses in which the successive amplitude of each peak
of a pulse group gradually diminishes or decays.

Ques. 2.236. Why is rosin used as soldering flux in radio
construction work?

Ans.  In soldering, any acid will in time cause corrosion,
thus increasing the resistance of the electrical connection.
Pure rosin when used as a flux produces no corrosion and is,
therefore, used in all high-grade radio work.

Ques. 2.237. What is meant by a “harmonic’’?

Ans. A “harmonic frequency” is a multiple of the funda-
mental frequency. In radio work, the initial frequency is
regarded as the first harmonic, the second multiple of this
frequency being the second harmonic, the third multiple of
this frequency the third harmonic, and so forth.
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Ques. 2.238. Why should all exposed metal parts of a
transmitter be grounded?

Ans.  To protect the operator from coming in contact with
a high voltage, thus protecting him against serious or fatal
shock. It is also employed to minimize electrostatic coupling
of components with respect to ground.

Ques. 2.239. What is the difference between electrical
power and electrical energy?

Ans. Energy is defined as work. The fundamental prac-
tical unit of work is the joule or watt-second. Power is the rate
of doing work, or the rate at which energy is expended. The
practical unit is the watt.

Ques. 2.240. How can the direction of flow of direct-
current electricity in a conductor be determined?

Ans.  The direction of flow of direct-current electricity can
be determined by any one of the following means:

1. A direct-current ammeter.

2. Determining the polarity of the source e.m.f. The elec-
tron flow will be in the direction of the positive point of
potential or away from the negative point in a closed electric
circuit.

3. A compass needle placed near a conductor carrying a
direct-current flow. Application of Fleming's right-hand
rule and positioning of the compass needle with known polarity
will determine the direction of current flow.

4. Passing the current through a saline solution. (See also
Ques. 2.208.)

Ques. 2.241. What instrument measures electric power?
Ans.  The wattmeter.
Ques. 2.242. What instrument measures electrical energy?

Ans. The watt-hour meter.
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Ques. 2.243. What is an electron? An ion?

Ans. An electron is a negatively charged particle of elec-
tricity. An fon is a positively or negatively charged atom or
group of atoms. An atom that has lost or gained one or more
of its electrons is referred to in chemistry as a positive or a
negative ion, respectively.

With gas-filled tubes the bombardment of electrons with gas
atoms causes the atoms to lose one or more of their electrons.
In this case only positive ionization occurs.

Ques. 2.244. With respect to electrons, what is the differ-
ence between conductors and nonconductors?

Ans. A conductor is a material in which the total atomic
structure contains many free electrons. A nonconductor or
insulator is a material in which the total atomic structure is
lacking in the number of free electrons.

Ques. 2.245. Describe an electrolyte.

Ans.  An electrolyte is a water solution of an acid, alkali,
or a salt of sufficient concentration to carry an eleetrie current.
In such a solution the molecules break down to form ions that
are the carriers of the current.

Ques. 2.246. What is an A battery? B battery? C
battery?

Ans. The terms “A,” “B,” and “C’’ batteries are used to
denote the filament voltage, plate voltage, and grid biasing
supply voltages, respectively, for vacuum tubes.

An A battery is a battery for heating the filaments of
vacuum tubes.

A B battery is a battery for supplying positive potentials to
the plate, screen grid, and occasionally other electrodes of
vacuum tubes with respect to the cathodes or filaments.

A C battery is a battery for supplying negative grid volt-
age (bias) to vacuum tubes with respect to the cathodes or
filaments.
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Ques. 2.247. What are the lowest radio frequencies useful
in radio communication?

Ans. Frequencies between 10 and 30 kilocycles. These
frequencies are called VLF or very low radio frequencies.

Ques. 2.248. What radio frequencies are useful for long-
distance communications requiring continuous operation?

Ans.  Frequencies in the VLF (10 to 30 kilocycles) range
are commonly employed for long-distance point-to-point
communications.

Ques. 2.249. What frequencies have substantially straight-
line propagation characteristics analogous to those of light
waves and unaffected by the ionosphere?

Ans. Frequencies between 30 and 30,000 megacycles
possess substantially straight-line propagation characteristics.
This range of frequencies is classified into three groups:

VHEF (very high radio frequencies) 30 to 300 megacycles.

UHF (ultra-high radio frequencies) 300 to 3,000 megacycles.

SHF (super-high radio frequencies) 3,000 to 30,000 mega-
cycles.

Ques. 2.260. What effect do sunspots and aurora borealis
have on radio communications?

Ans. Sunspots and aurora borealis may produce severe
fading and absorption of radio signals. Long-distance trans-
missions that depend upon the ionosphere for reflections may
be completely blanketed during magnetic storms caused by
aurora borealis or sunspots.

Ques. 2.261. What type of modulation is largely con-
tained in ‘static”’ and ‘lightning” radio waves?

Ans. A highly damped (broad response) wave of ampli-
tude-modulation characteristic.
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Ques. 2.262. What type of radio receivers do not respond
to static interference?

Ans. Receivers employing the prineiple of frequency
modulation.

Ques. 2.263. What crystalline substance is widely used in
crystal oscillators?

Ans.  Crystal slabs cut from natural quartz.

Ques. 2.264. Why is the crystal in some oscillators oper-
ated at constant temperature?

Ans. Some crystals require constant temperature control
to hold the frequency of the crystal to its assigned value. This
is due to the fact that certain types of crystals have a positive-
temperature coefficient while others have a negative tempera-
ture coefficient. (See also Ques. 3.110.)

Ques. 2.266. What is meant by “negative temperature
coefficient” of a quartz crystal when used in an oscillator?

Ans.  (See Ques. 3.113.)

Ques. 2.266. What is the seventh harmonic of 360 kilo-
cycles?

Ans. 2,520 kilocycles.

Solution:
360 X 7 = 2,520.

Ques. 2.267. Describe the directional characteristics of
the following types of antenna:

(a) Horizontal Hertz antenna

(b) Vertical Hertz antenna

(¢) Vertical loop antenna

(d) Horizontal loop antenna

(e) Vertical Marconi antenna
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Ans. a. Bidirectional characteristic in the horizontal
plane.
Bidirectional characteristic in the vertical plane.
¢. Bidirectional characteristic in the horizontal plane.
d. Bidirectional characteristic in the vertical plane.
e. Equidirectional characteristic in the horizontal plane.

=3

Ques. 2.268. What is meant by the “efficiency” of a radio
device?

Ans. The efficiency of any ratio device is the ratio of the
work performed to the energy supplied to it. It is a measure,
usually expressed in percentage, of the ratio of the output to
the input of any device, with both output and input expressed
in the same unit of power or energy.
output

: X 100
mput

Per cent efficiency (n) =

Ques. 2.269. What form of energy is contained in a sound
wave?

Ans. Sound is composed of mechanieal vibrations (acoustic
energy) lying within the frequency range of human audibility.

Ques. 2.260. What characteristic determines the pitch of a
sound?

Ans.  The pitch of a pure tone is primarily dependent upon
the frequency or number of vibrations per second and to a
slight degree upon the sound intensity.

Ques. 2.261. How many micromicrofarads are there in 1
microfarad?

Ans. One microfarad contains 1,000,000 or 10%® micro-
microfarads. A micro unit is a millionth part of one.

Ques. 2.262. What is the difference between a milliwatt
and a kilowatt?
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Ans.  Milli = one-thousandth part of 1 or 0.001. Kilo
= 1,000.

A milliwatt is one-thousandth part of 1 watt or 0.001 watt.
A kilowatt is equal to 1,000 watts,

Ques. 2.263. What precaution should be observed when
electrolytic capacitors are connected in a circuit?

Ans. The correet polarity must be observed, since the
clectrolytic type of capacitor functions as a condenser only
when its positive terminal is connected to the corresponding
potential point in the circuit.

Ques. 2.264. Show by a diagram how to connect battery
cells in series.

Ans.  (See Fig. 6-12.)

Ques. 2.266. Show by a diagram how to connect battery
cells in parallel.

Ans.  (Sce Fig. 6-12.)

Ques. 2.266. What material is used in the electrodes of a
dry cell?

Ans.  The electrodes in a dry cell are composed of a rod or
plate of carbon material (positive plate) and a zinc container
(negative plate). The electrolyte is an absorbent material
saturated with a solution of sal ammoniac and manganese
dioxide or zine chloride.

Ques. 2.267. If the period of one complete cycle of a radio
wave is 0.000001 second, what is the wavelength?

Ans. 300 meters.

Solution:
Frequency (f) = 71, = m = 10° eyvcles,
Wavelength (A\) = :—, = ‘—300(:%%0 = 300 meters,
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where f = frequency in cycles per second.
T = time period of one cycle in seconds.
A = wavelength in meters per second.
v = velocity of light.

i

Ques. 2.268. Compare the selectivity and sensitivity of
the following types of receivers: (a) tuned radio-frequency
receiver, (b) superregenerative receiver, (c) superheterodyne
receiver.

Ans.  The comparative selectivity and sensitivity of tuned
radio-frequency, superregenerative, and superheterodyne
receivers are classified as follows:

Receiver Sensitivity | Selectivity
Superheterodyne.......................... Excellent | Excellent
Tuned radio-frequency..................... Good | Good
Superregenerative...................... ... Good Poor

Ques. 2.269. What type of radio receivers contain inter-
mediate-frequency transformers?

Ans. The superheterodyne receiver.

Ques. 2.270. What type of radio receiver is subject to
image interference?

Ans. The superheterodyne receiver.

Ques. 2.271. What type of radiotelephone receiver using
vacuum tubes does not require an oscillator?

Ans.  The tuned radio-frequency type of receiver.

Ques. 2.272. Describe the operation of a regenerative type
of receiver.

Ans.  The theoretical operation of this type of receiver is
based upon the principle of inductive or capacitive feedback
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of radio-frequency energy from the plate to the grid circuit.
(See also Ques. 2.91 and 6.46.)

Ques. 2.273. How may a regenerative type of receiver be
adjusted for maximum sensitivity?

Ans. (See Ques. 6.46.)

Ques. 2.274. What effect does the reception of modulated
signals have on the plate current of a grid-leak-grid-capacitor
type of detector? On a grid-bias type of detector?

Ans.  The plate current pulses will decrease when a modu-
lated signal is applied to the grid circuit of grid-leak type of
detector.

In the grid-bias type of detector the opposite holds true, since
the grid is biased almost to the point of plate current cut-off
when no signal is applied. An incoming modulated signal,
therefore, will cause the negative bias to decrease, resulting in a
rise in plate current. (See also Ques. 2.131, 5.45, 5.46, 5.47.)

Ques. 2.276. What is meant by ‘“‘double’” detection in a
receiver?

Ans.  Double detection is the name applied when demodu-
lation (detection) occurs in two circuits of the same receiver.
The superheterodyne receiver uses this principle. The first
detector is the stage in which the mixing action necessary to
produce the intermediate frequency takes place. The second
detector follows the last intermediate-frequency stage and
converts the modulated signal into the audio-frequency com-
ponent. (See also Ques. 5.76.)

Ques. 2.276. What is the purpose of a wave trap in a radio
receiver?

Ans. A wave trap is employed in a radio receiver to reject
undesired signals. In practice, a series type of wave trap is
sometimes shunted across the input terminals of a super-
heterodyne radio receiver to eliminate code interference.
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Wave traps are also employed in certain wide-band receivers
to isolate certain frequency bands.

Ques. 2.277. What is the purpose of an oscillator in a
receiver operating on a frequency near the intermediate fre-
quency of the receiver?

Ans.  An oscillator operating near the intermediate fre-
quency of a superheterodyne receiver is used for producing a
beat frequency. This would permit the receiver to respond to
continuous-wave signals for code reception or for continuous-
wave calibration purposes in standard frequency transmissions.
(See also Ques. 4.111.)

Ques. 2.278. Explain the purpose and operation of the
first detector in a superheterodyne receiver.

Ans. (See Ques. 5.76.)
Ques. 2.279. What is a “getter” in a vacuum tube?

Ans. A “getter” in a vacuum tube is a small trough-
shaped metal or ribbon made of barium or tantalum. This
device is inserted in all types of vacuum tubes to remove st ray
gases that remain after the process of evacuation.

Ques. 2.280. What is “space charge” in a vacuum tube?

Ans. “Space charge” is the term used for the accumulation
or field of electrons around the hot filament or cathode of a
vacuum tube.

Ques, 2.281. Explain the operation of a triode vacuum
tube as an amplifier.

AAns. Amplification is the process of increasing the ampli-
tude of a signal through the control by signal input of power
supplied from a local source to the output circuit. The ampli-
fication of a signal is the ratio of the signal output amplitude
to the signal input amplitude, both expressed in the same
terms.
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The ability of a triode vacuum tube to amplify is based upon
the fundamental fact that a small change in grid voltage
applied between the grid and the cathode of such a tube will
produce large changes of plate current. This is due to the
effective control of the negative space charge by the grid
because of its close proximity to the cathode. Hence, when
small signal voltages are applied to the grid, the normal plate
current is varied in accordance with the signal swing. This
results in relatively larger voltages being developed across the
plate load impedance or resistance.

The amplifying action of a triode, therefore, depends upon
the geometry of the tube and its circuit relations.

MuR,
R, + R
where Mu = amplification factor of the tube.
I, = plate-load resistance or impedance.

Rp = plate resistance of the tube.
(See also Ques. 4.127.)

Amplification =

Ques. 2.282. What is the approximate efficiency of a class
A vacuum-tube amplifier? Of a class B? Of a class C?

Ans. The approximate practical engineering operating
efficiencies of the three main classes of amplifiers are

1. Class A, 20 to 25 per cent.

2. Class B, 33 per cent.

3. Class C, 50 to 60 per cent.

Ques. 2.283. Does direct-current grid current normally
flow in a class A amplifier employing one tube?

Ans. No. If the signal voltage swing is maintained within
the straight portion of the I-E¢ characteristic curve and does
not exceed the fixed biasing voltage during positive peaks, no
grid current will flow.

Ques. 2.284. Why must some radio-frequency amplifiers
be neutralized?
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Ans. In general, triode radio-frequency amplifiers must
be neutralized to prevent self-oscillation due to the pos-
sibility of feedback through the internal grid-plate capacitance
of the tube. (See also Ques. 3.01.)

Ques. 2.285. Describe how a vacuum tube oscillates in a
circuit.

Ans. A vacuum tube used in conjunction with an oscil-
latory circuit produces continuous oscillations if the plate-
circuit energy is coupled either magnetically or electrostatically
to the grid circuit, provided that the feedback energy is of
proper amplitude and phase relationship. The grid must be
out of phase with the plate by 180 degrees. The vacuum-
tube oscillator is in reality a self-excited amplifier in which the
feedback voltages supply the inherent grid-circuit losses.

Ques. 2.286. Is the direct-current bias normally positive
or negative in a class A amplifier?

Ans. The direct-current bias in a class A amplifier is
normally negative. - The bias is generally maintained at a
value that permits operation at the center of the straight por-
tion of the Is-Ec characteristic curve. This type of operation
permits the symmetrical reproduction of the input wave form
in the plate circuit.

Ques. 2.287. Whatis the composition of filaments, heaters,
and cathodes in vacuum tubes?

Ans. Thoriated tungsten and oxide-coated metals are the
most commonly used cathode and filament-emitting materials.
The base is generally of tungsten, nickel, or konal alloy coated
with thorium or barium carbonates.

Ques. 2.288. What is the direction of electronic flow in
the plate and grid circuits of vacuum-tube amplifiers?

Ans. FElectrons in the plate circuit of a vacuum tube flow
from the cathode to the plate and return to the cathode
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through the plate supply circuit. Electrons flow in the grid
circuit from the cathode to the grid and through the grid return
circuit to the cathode. Grid-current flow in general takes
place only during periods in which the positive peaks of the
grid-signal voltage exceed the negative grid-bias voltage.

Ques. 2.289. Draw a diagram showing a method of obtain-
ing grid bias to an indirectly heated cathode type of vacuum
tube by use of a resistance in the cathode circuit of the tube.

Ans. See Fig. 2-11,

Ques. 2.290. Draw a diagram showing a method of obtain-
ing grid bias to a filament type of vacuum tube by use of a
resistance in the plate circuit of the tube.

Ans.  See Fig. 2-33.
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Ques. 2.291. What is the impedance of a solenoid if its
resistance is 6 ohms and 0.3 ampere flows through the winding
when 110 volts at 60 cycles is applied to the solenoid?

Ans. The impedance of the solenoid is 36624 ohms.

Solution:
E 110 2

Ques. 2.292. What is the conductance of a circuit if 6
amperes flow when 12 volts direct current is applied to the
circuit? :

Ans. The conductance G is 0.5 mhos.

Solution:
=%‘=%=2ohms
=713=%=O5mho
G = £ == 05mho

(See also Ques. 2.36.)

Ques. 2.293. What is the relationship between the effective
value of a radio-frequency current and the heating value of
the current?

Ans. The effective value of an alternating current may be
defined as that value which will produce the same heating effect
as a direct current of the same amount. The heating effect
of a current is proportional to the square of the current, I’R.

Ques. 2.294. What safety precautions should a person
observe when making internal adjustments to a television
receiver to avoid personal injury?
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Ans. The following safety precautions must be observed
when making internal adjustments on any type of high-voltage
equipment:

DON'T BE CARELESS. IT MAY COST YOU YOUR
LIFE!

1. Make certain that the interlock switch is open.

2. Remove the high-voltage power-supply fuse before test-
ing the circuit. Complete all tests on low-voltage power-
supply circuits. If trouble in the high-voltage circuit is
apparent and a test other than simple point-to-point resist-
ance tests must be made, reinsert the high-voltage fuse and
close the interlock switch but observe the following precautions:

3. Make voltage checks using only one hand. Keep the
other hand in your pocket.

4. Do not allow any part of body to touch the chassis or
other metal objects.

5. Use long insulated tools and test prods.

6. Exercise great care in the handling of the cathode-ray
tube in a television receiver or transmitter. Careless handling
may result in a serious implosion. Gloves and goggles provide
an additional safety factor.

Installation: Keep antennas and lead-in wires away from all
high-tension power circuits. Insulate all exposed wires wher-
ever possible.

Ques. 2.296. With measuring equipment that is widely
available, is it possible to measure a frequency of 10,000,000
cycles to within 1 cycle of the exact frequency?

Ans. No. Specially designed precision equipment is
required for this high degree of accuracy.

Ques. 2.296. Do oscillators operating on adjacent fre-
quencies have a tendency to synchronize oscillation or drift
apart in frequency?

Ans. Coupled oscillators tend to lock together in frequency.
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Ques. 2.297. What form of energy is stored in lead-type
storage batteries?

Ans. Chemical energy. A storage cell converts chemical
energy into electrical energy.

Ques. 2.298. What precaution should be observed when
using and storing crystal microphones?

Ans. A crystal microphone must be handled with care
owing to the fact that physical shock or mechanical vibration
may cause the voltages generated by both sides of the micro-
phone to be out of phase. The crystal microphone is also
very sensitive to moisture and temperature changes. It
should be stored in a dry moistureproof wrapping or hood and
not subjected to temperatures in excess of about 120 degrees
Fahrenheit.

It is also desirable,to avoid using a gain control between the
crystal microphone and its associated amplifier, since such a
control will seriously impair the low-frequency response.

Ques. 2.299. If a 1,600-kilocycle radio wave is modulated
by a 2,000-cycle sine wave tone, what frequencies are con-
tained in the modulated wave?

Ans.  In amplitude-modulation systems the side-band and
carrier frequencies of 1,498, 1,502, and 1,500 kilocyeles will be
contained in the modulated wave. (See also Ques. 6.28.)

Ques. 2.300. Why are laminated iron cores used in audio
and power transformers?

Ans. To reduce eddy current losses.

Ques. 2.301. What are cathode rays?

Ans. Cathode rays are composed of a stream of negatively
charged particles or electrons generally in the form of a circular
beam and traveling at high velocities.

98



BASIC THEORY AND PRACTICE Element 2

Ques. 2.302. Why is a high ratio of capacity to inductance
employed in the grid circuit of some oscillators?

Ans. 1. To supply sufficient stored energy to meet grid-
circuit requirements.

2. To increase oscillator frequency stability.

3. To reduce harmonics.

4. To increase the tank circuit Q.

Ques. 2.303. What is the purpose of a buffer-amplifier
stage in a transmitter?

Ans.  The buffer amplifier in a transmitter is used to isolate
the oscillator stage from the succeeding amplifier stages. It
is an effective medium for preventing succceding amplifier
load changes from reacting upon the oscillator circuit. The
buffer amplifier thereby minimizes frequency drift in the
oscillator.

An efficient buffer stage is biased with sufficient negative
voltage to prevent grid-current flow during the excitation cycle.

Ques. 2.304. What determines the speed of a synchronous
motor? An induction motor? A direct-current series motor?

Ans. The speed of a synchronous motor and an induction
motor is determined primarily by the frequency of the source
voltage. The speed of a direct-current series motor is depend-
ent upon the source voltage and the loading. An increase in
line voltage will raise its speed, while an increase in loading
results in a decrease in speed. (See also Ques. 4.178.)

Ques. 2.306. What is the total resistance of a parallel cir-
cuit consisting of one branch of 10 ohms resistance and one
branch of 256 ohms resistance?

Ans.  7.143 ohms.

Solution:
_ R X R, 250

R = m = 55— = 7.143 ohms.
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Ques. 2.306. Draw a diagram of a resistance load con-
nected in the plate circuit of a vacuum tube, and indicate the
direction of electronic flow in this load.

Ans.  See Fig. 2-33.

Ques. 2.307. Indicate by a drawing a sine wave of voltage
displaced 180 degrees from a sine wave of current.

Ans. See Fig. 2-34.

E
// ~, ,/ ~,
S \\~4, \\n/’
G
Fia, 2-34.

Ques. 2.308. Show by a diagram how a voltmeter and an
ammeter should be connected to measure power in a direct-
current circuit.

Ans. See Fig. 2-35.

r(AN"

A

. PR Load

O.C. Total power=3 3 2

wpp/{ / Vidwatts$ $ %
Fia. 2-35.

Ques. 2.309. Indicate by a diagram how the total current
in three branches of a parallel circuit can be measured by one
ammeter.

Ans.  See Fig. 2-35.

Ques. 2.310. Draw a graph indicating how the plate cur-
rent in a vacuum tube varies with plate voltage, the grid bias
remaining constant.
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Ans. See Fig. 2-36.
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Fig. 2-36.

Ques. 2.311. Indicate by a drawing two cycles of a radio-
frequency wave, and indicate one wavelength thereof.

Ans. See Fig. 2-37.

AN
S

S

Fig. 2-37.
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ELEMENT 3.

RADIOTELEPHONE

Ques. 3.01. Explain the purposes and methods of neutral-
ization in radio-frequency amplifiers.

Ans.  Neutralization of radio-frequency amplifiers is gen-
erally required in triode and, in some cases, tetrode amplifiers
to prevent self-oscillation due to feedback through the grid-
plate capacitance of the vacuum tube. Figures 3-7 and 3-8
illustrate two commonly used methods of grid-plate capaci-
tance neutralization. (See also Ques. 5.98 for the operating
procedure in neutralizing a radio-frequency amplifier.)

Ques. 3.02. In a circuit consisting of an inductance having
a reactance value of 100 ohms and a resistance of 100 ohms,
what will be the phase angle of the current with reference to
the voltage?

Ans.  The phase angle will be 45 degrees.

_ wL_XL_IOO_
Phase angle = tan ()m =% =100 = 1.000.

From a table of trigonometrie functions, 1.0 = 45 degrees.

Ques. 3.03. What is the effective value of a sine wave in
relation to its peak value?

Ans.  Effective value = peak value X 0.707.
Ques. 3.04. What is the meaning of “phase difference”?

Ans.  “Phase difference” is a term frequently used to
denote the difference between the actual phase angle of a device
or circuit and the ideal 90-degree angle. It is a measure in
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electrical degrees of the separation between relative values of
current and voltage in an alternating-current circuit or of
either of these two relative quantities in the relation to the
other in two or more circuits, the quantities all having the
same frequency. Phase difference is generally expressed as an
angle of lag or lead.

Ques. 3.06. What factors must be known in order to deter-
mine the power factor of an alternating-current circuit?

Ans. The true watts, as indicated by the wattmeter, and
the volts and amperes in the circuit, as indicated by a volt-
meter and ammeter.

W (real watts)

Power factor = cos § = EI (apparent At

The ratio —Izi can also be used.

Ques. 3.06. What are the properties of a series condenser
acting alone in an alternating-current circuit?

Ans. A series condenser acting alone in an alternating-
current circuit will cause the current to lead the voltage by
90 degrees. The reactance of the condenser will vary inversely
as the frequency varies.

Ques. 3.07. What is the reactance value of a condenser of
0.005 microfarad at a frequency of 1,000 kilocycles?

Ans. The reactance value is 31.8 ohms, computed as
follows:

6
- ohms.

Xe = omfc

Ques. 3.08. State the mathematical formula for the energy
stored in the magnetic field surrounding an inductance carry-
ing an electric current.
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Ans.
W = 15LI* joules,
where L = henrys.
I = amperes.

Ques. 3.09. What is the current and voltage relationship
when inductive reactance predominates in an alternating-
current circuit?

Ans.  When an inductive reactance predominates in an

alternating-current circuit, the current lags the voltage.

Ques. 3.10. Given a series circuit consisting of a resistance
of 4 ohms, an inductive reactance of 1 ohm, the applied circuit
alternating e.m.f. is 60 volts. What is the voltage drop across
the inductance?

Ans.  The voltage drop across the inductance is 40 volts.

Z =R+ (XL — X2 = /17 = 4.13 ohms.

E 50
I = 75113 " 12.1 amperes.

Therefore K, =1X, = 12.1 X 4 = 48.4 volts.

Ques. 3.11. What would be the effect if direct current were
applied to the primary of an alternating-current transformer?

Ans. The current in the primary would be limited only by
the direct-current resistance of the circuit. Unless the applied
voltage was very small, the current would either blow the fuses
or burn out the transformer in a few seconds.

Ques. 3.12. If a power transformer having a voltage
step-up ratio of 1:56 is placed under load, what will be the
approximate ratio of primary to secondary current?

Ans, 5:1.
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Ques. 3.13. What is the meaning of “skin effect” in con-
ductors of radio-frequency energy?

Ans. The tendency of high-frequency currents to travel on
the surface of a conductor is known as “skin effect.” This
effect is caused by the varying density of the electric field in
the conductor, which acts to produce the lowest reactance path
on the surface of the conductor.

Ques. 3.14. Neglecting distributed capacitance, what is
the reactance of a 5-millihenry choke coil at a frequency of
1,000 kilocycles?

Ans. The reactance is 31,400 ohms.

X, = 2xfL = 6.28 X 10f X 0.005 = 31,400 ohms.

Ques. 3.16. What is meant by the term ‘“radiation resist-
ance’?

Ans. The term “radiation resistance” is analogous to the
effective increase of a circuit resistance due to the heat dissipa-
tion in a wire or circuit. In antenna radiating systems, it is
the ratio of the power radiated by the antenna to the squared
effective value of the antenna current measured at the point
where the power is supplied to the radiating system.

Ques. 3.16. What is the value of total reactance in a series
resonant circuit at the resonant frequency?

Ans. Zero. 'The inductive and capacitive reactances are
equal and opposite in sign and therefore cancel out in a series
resonant circuit at the resonant frequency.
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Ques. 3.17. 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?

Ans. The reactance is zero, and impedance is infinite under
these conditions.
X=X,—-X.=0.
X,.?
4 R

= « (infinity).

Ques. 3.18. Given a series resonant circuit consisting of a
resistance of 6.6 ohms and equal inductance and capacitative
reactance of 176 ohms, what is the voltage drop across the
resistance, assuming the applied circuit potential is 260 volts?

Ans. 260 volts. Since X and X, are equal, their effects
cancel out at the series resonant frequency. Hence, the
entire source voltage of 260 volts appears across the 6.5-ohm
resistance.

Ques. 3.19. Given a series resonant circuit consisting of a
resistance of 6.6 ohms and equal inductive and capacitative
reactance of 176 ohms, what is the voltage drop across the
inductance when the applied circuit potential is 260 volts?

Ans. 7,000 volts.

EL = IXL = 40 X 175 = 7,000 VO]tS.

Ques. 3.20. Under what conditions will the voltage drop
across a parallel-tuned circuit be a maximum?
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Ans. At resonance, when X, = X, and ohmic resistance is
small (when the admittance of the two branches is equal).

Ques. 3.21. 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.

Ans. See Fig. 3-1.

POWER
auf AMPLIFIER
TUBE

MODULATOR
TUBE —

SPEECH
INPUT
EQUIPMENT.

'fc

T0

llr

POWER AMPLIFIER
DRIVE (CRYSTAL OSC. 8 INT. AMP)

HIGH PERCENTAGE MODULATION
(MODULATOR TUBE OPERATING AT HIGHER PLATE
VOLTAGE THAN AMPLIFIER, DUE TO RESISTANCE R}

I'16. 3-1.  Plate-modulation system.

Ques. 3.22. Draw a diagram of a carrier-wave envelope
when modulated 50 per cent by a sinusoidal wave. Indicate
on the diagram the dimensions from which the percentage of
modulation is determined.
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Ans. See Fig. 3-2.

+
CARRIER
FREQU[NCVO T Ty Yy
WAVE l
| l | | e (5 X 100) PER CENT
l | || | o
' | Ms ,fﬂu_'h_";x 100) PER CENT
l I uuonnn.
wo |+l L

Ques. 3.23. Draw a diagram of a condenser microphone
circuit complete with two stages of audio amplification.

Ans. See Fig. 3-3.

CRYSTAL
MICROPHONE

Cq Cs

QUTPUT TO
LINE OR STUDIO
AMPLIFIER

-8 8+ A+
200v

Fia. 3-3. Microphone amplifier.
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Ques. 3.24. Draw a simple schematic diagram showing a
Heising modulation system capable of producing 100 per cent
modulation. Indicate power-supply polarity where necessary.

Ans. See Fig. 3-9.

Ques. 3.26. Draw a simple schematic diagram showing a
method of suppressor-grid modulation of a pentode-type

vacuum tube.
MODULATED
R.F OUTPUT
R.FC.
R.F. CHOKE

i

Ques. 3.26. 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 ampli-
fied radio-frequency energy.

Ans. See Fig. 3-1.

L

L

Fia. 3-4.

109



RADIO OPERATING QUESTIONS AND ANSWERS

Ans. See Fig. 3-5.
MOD.R.F. AMP _

NEUTRALIZI
CONDENSERS 4

RF.

E \E
rosEorlg £ 4

o
SPECIAL 8
MODULATION H
TRANSFORMER
C

Fig. 3-5. Grid-modulation system.

POWER

Ques. 3.27. What is meant by “frequency shift” or
“dynamic instability” with reference to a modulated radio-
frequency emission?

Ans.  “Frequency shift,” “dynamic instability,” or “car-
rier shift” is that condition in a modulated radio-frequency
amplifier when the average value of the radio-frequency voltage
envelope shifts in a positive or negative direction during modu-
lation. If for any reason this average changes, then distortion
is introduced, since the amplitude variation is no longer con-
stant. An increase in the average is known as positive carrier
shift, while a decrease is known as negative carrier shift.

Ques. 3.28. What is meant by “high-level’” modulation?
Ans.  ‘“High-level” modulation is modulation produced in
the last radio-frequency stage of the transmitter.
Ques. 3.29. What is meant by ‘“grid modulation”? By
‘“‘plate modulation’’?
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Ans. By “grid modulation’ is meant modulation produced
by the introduction of the modulating wave into any of the
grid circuits of any tube in which the carrier-frequency wave
is present. ‘‘Plate modulation” is modulation produced by
the introduction of the modulating wave into the plate circuit
of any tube in which the carrier-frequency wave is present.

Ques. 3.30. What is meant by “low-level” modulation?

Ans.  “Low-level” modulation is modulation produced in
a radio-frequency stage preceding the final radio-frequency
stage.

Ques. 3.31. Describe the construction and characteristics
of a crystal-type microphone.

Ans.  The crystal microphone employs a piezoelectric crys-
tal as its actuating unit, which is coupled to the diaphragm
through a lever arrangement. The conventional crystal
microphone is made up of several crystal cells arranged so that
each cell aids the others to increase the over-all sensitivity.
The microphone is affected very little by temperature changes.
The output is approximately —85 db. Owing to the high
impedance of the crystal, the output may be worked directly
into the grid of the amplifier tube. The frequency response is
excellent over the whole audio spectrum.

Ques. 3.32. Describe the construction and characteristics
of a carbon-button type microphone.

Ans. A single-button carbon microphone consists of a
tightly stretched diaphragm fixed in front of a metal cup filled
with carbon granules, the cup assembly being called a ‘‘but-
ton.” The natural frequency of the diaphragm is well above
5,000. The diaphragm is damped by an air cushion to improve
its frequency response, which extends approximately from 60
to 5,000 cycles. A hiss is noticeable unless the sound level is
high. This is the most sensitive microphone.

111



RADIO OPERATING QUESTIONS AND ANSWERS

Ques. 3.33. What might be the cause of variations in plate
current of a class B type of modulator?

Ans. Under normal conditions with complex modulation
the plate current of a class B modulator is constantly varying,
depending upon the amplitude of the speech input wave.

Ques. 3.34. What is the relationship between the aver-
age power output of the modulator and the modulated-
amplifier plate-circuit input under 100 per cent sinusoidal plate
modulation?

Ans. The correct ratio is 1:2, or 50 per cent.  (See Ques.
6.26 for detailed explanation.)

Ques. 3.36. What would be the effect of a shorted turn in
a class B modulation transformer? In a class A modulation
transformer?

Ans. A shorted turn in both the elass A and B modulation
transformer would result in serious overheating and may cause
the shorted primary section to burn out. In the class B ampli-
fier one tube only would be inoperative and serious distortion
would result. The class A amplifier using a single modulator
tube would be entirely inoperative if the plate winding burned
out. In both cases, however, the initial symptom is manifest
in serious distortion due to the impedance mismatch.

Ques. 3.36. Why is a high percentage of modulation
desirable?

Ans. High-percentage amplitude modulation in telephone
transmitters increases the useful service range of the trans-
mitter owing to the relatively higher ratio of modulated carrier-
frequency power to the normal carrier-frequency power. The
peak power in 100 per cent modulated systems is four times
the normal carrier power. The use of high-percentage modu-
lation systems increases the plate efficiency of the amplifiers,
increases the ratio of useful power in the receiver system, and
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decreases carrier interference at remote points. Interference
between stations on adjacent channels is also minimized.

Ques. 3.37. What are some of the possible results of
overmodulation?

Ans.  Overmodulation results in a widening of the fre-
quency band causing interference on adjacent channels.
Overmodulation also causes distortion in the audio components
of the radiated wave. Since the continuity of the carrier is
interrupted, it means that there are harmonics radiated and
that the transmission occupies a band which is wider than
necessary, causing interference on adjacent channels.

Ques. 3.38. What might cause frequency modulation in an
amplitude-modulated radiotelephone transmitter?

Ans.  Phase or frequency shifts in the oscillator or amplifier
circuits produced by excessive tube or load circuit changes.
Poor voltage regulation.

Ques. 3.39. What percentage of antenna-current increase
should be expected between unmodulated conditions and 100
per cent sinusoidal modulation?

Ans. The antenna current will rise approximately 22.5 per
cent if the modulating wave has a sinusoidal characteristic.
In practical broadcasting, owing to the unsymmetrical nature
of the modulated wave, this increase in antenna current cannot
be depended upon to indicate 100 per cent modulation.

Ques. 3.40. What might be the cause of a decrease in
antenna current of a high-level amplitude-modulated radio-
telephone transmitter when modulation is applied?

Ans.  Overmodulation, improper neutralization, incorrect
grid bias, low filament emission, poor regulation, open filter
'ondenser in power supply, or improperly tuned antenna
ystem.
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Ques. 3.41. If a regenerative receiver oscillates too freely
with minimum tickler coupling, what adjustment would reduce
the feedback?

Ans. A reduction in plate or filament potential.

Ques. 3.42. Why is it necessary to use an oscillating
detector for reception of an unmodulated carrier?

Ans. An oscillating detector is required for the reception
of continuous-wave signals to produce an audible “beat’” or
‘“heterodyne’’ tone response in the telephones or loud-speaker.

Ques. 3.43. What is the purpose of shielding in a multi-
stage radio receiver?

Ans. Shielding is required to prevent self-oscillation in
radio-frequency amplifiers.

Ques. 3.44. Explain what circuit conditions are necessary
in a regenerative receiver for maximum response to a modu-
lated signal.

Ans. The regenerative feedback control must be adjusted
critically to a point on the verge of oscillation.

Ques. 3.45. What feedback conditions must be satisfied
in a regenerative detector for most stable operation of the
detector circuit in an oscillating condition?

Ans. Stabilized oscillation is obtained when the feedback
control is adjusted to an oscillating condition beyond the
critical point at which oscillations begin. Practically, this
condition is obtained when the feedback coupling is a maxi-
mum, the filament voltage normal, and the plate voltage is
near the maximum operating limits. A high tank circuit Q or
low L/C ratio is also desirable.

Ques. 3.46. What are the advantages to be obtained from
adding a tuned radio-frequency amplifier stage ahead of the
first detector (converter) stage of a superheterodyne receiver
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Ans. A preselector stage increases the over-all circuit
selectivity and sensitivity and tends to eliminate image fre-
quency interference. It also serves to prevent possible
reradiation which might be caused by the coupling of the con-
verter and oscillator circuits directly to the antenna system.

Ques. 3.47. What feedback conditions must be satisfied in
aregenerative detector in order to obtain sustained oscillations?

Ans.  (See Ques. 3.45.)

Ques. 3.48. How is automatic volume control accomplished
in a radio receiver?

Ans.  (See Ques. 4.214.)

Ques. 3.49. If a superheterodyne receiver 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?

Ans. It is evident that the intermediate frequency is 300
kiloeycles. Hence, at frequency of 1,600 kilocyeles, the grid
of the converter tube will produce an intermediate frequency
of 300 kilocycles if the conversion oscillator is tuned to 1,300
kilocycles. lence, 1,600 kilocycles is the image.

Ques. 3.560. 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?

Ans. The antenna could be connected to the grid of the
ucceeding tube or preferably to the plate prong of the burned-
1t tube through a 0.0005 microfarad coupling condenser.
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Ques. 3.61. What are the characteristics of plate detection?

Ans.  The plate-current flow increases during signal recep-
tion. When no signal is received, the plate current is low,
since the tube is operating near the plate-current cut-off point
of the characteristic. The primary characteristic of plate
detection is a good linear output response with strong signal
input voltages.

Ques. 3.52. What is the purpose of a radio-frequency
choke?

Ans. To prevent radio-frequency current flow through
power-supply circuit and also to improve the by-passing
efficiency of the radio-frequency by-pass condenser. It is an
effective high-impedance filter or isolating device.

Ques. 3.63. What would be the effect upon a radio receiver
if the vacuum-tube plate potential were reversed in polarity?

Ans.  The receiver would not operate.

Ques. 3.64. What would be the effect upon the operation
of a receiver if the grid return is connected to the positive
rather than the negative terminal of the filament battery?

Ans. The circuit sensitivity and selectivity will be de-
creased. The grid voltage may become slightly positive,
causing a grid current to flow and a corresponding increase in
plate current. Circuit linearity is impaired, and signal dis-
tortion will occur.

Ques. 3.66. Draw a simple schematic diagram of a system
of coupling a single electron tube employed as a radio-fre
quency amplifier to a Hertz-type antenna.
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Ans.  Sce Fig. 3-6.
. INSULATOR =

I'16. 3-6. Hertz-radiator eoupling system.

Ques. 3.66. Lraw a simple schematic diagram indicating
a link coupling system between a tuned-grid tuned-plate oscil-
lator stage and a single electron tube, neutralized amplifier.

Ans.  Sce Fig. 3-7.

LINK
COUPLING

Fig. 3-7. Link coupling arrangement.
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Ques. 3.67. Draw a simple schematic diagram of a push-

pull, neutralized radio-frequency amplifier stage, coupled to a
Marconi-type antenna system.

Ans.  See Fig. 3-8.

5
T
L

lllJ~

L
1

t ]

0. 04 ' 5 )
L I
F16. 3-8.  Push-pull neutralized radio-frequency amplifier.

Ques. 3.568. Draw a simple schematic diagram of a system
of neutralizing the grid-plate capacitance of a single electron
tube employed as a radio-frequency amplifier.

Ans.  See Fig. 3-7.

Ques. 3.59. 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.
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Ans.  See Fig. 3-4.

MOD.
AMP

1L
LN

i%OUTPUT

+8 -8
HV. =

R

Irc. 3-9. Suppressor-grid-modulation system.

Ques. 3.60. What is the purpose of a buffer amplifier?

Ans. A buffer amplifier is essentially a frequency stabilizer.
It serves as a voltage amplifier stage(s) to isolate the crystal
oscillator from the radio-frequency amplifier circuits. It pre-
vents circuit reactions and load changes from the power-
amplifier stages from affecting the frequency stability of the
oscillator.

Ques. 3.61. What is a “frequency doubler” stage?

Ans. A “frequency doubler” stage is a radio-frequency
amplifier, the output frequency of which is double that of the
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input frequency. A frequency doubler is used in connection
with a crystal oscillator when the desired output frequency
exceeds the safe operating limits of the erystal.

Ques. 3.62. What are the advantages of a master-oscillator
power-amplifier type of transmitter as compared to a simple
oscillator transmitter?

Ans. Improved frequency stability. An ordinary oscil-
lator will be subject to frequency changes when coupled
directly to an antenna system. Phase shift and reactance
changes are therefore considerably reduced in the master-
oscillator power-amplifier system.

Ques. 3.63. What are the differences between Colpitts and
Hartley oscillators?

AAns.  In the Colpitts oscillator the grid circuit receives its
excitation from a split tank condenser. In the Hartley oscil-
lator, the grid receives its excitation from a split tank induct-
ance. (See also Ques. 2.72 and 2.76.)

Ques. 3.64. What is the primary purpose of a grid leak in
a vacuum-tube transmitter?

Ans. A grid leak is used primarily to develop operating
bias. It also serves to maintain a constant load on an ampli-
fier to minimize overloading when the grid of a given stage is
driven positive during excitation.

Ques. 3.66. By what means is feedback coupling obtained
in a tuned-grid tuned-plate type of oscillator?

Ans. Through the grid-to-plate capacity of the tube.

Ques. 3.66. What may be the result of parasitic oscillations?

AAns.  Parasitic oscillations may result in an erratic behavior
and a heavy increase in plate current, which may cause serious
overheating of the tube. The plate milliammeter or radio-
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frequency choke coil may burn out. Normal output power
on the operating frequency will also be decreased.

Ques. 3.67. How may the production of harmonic energy
by a vacuum-tube radio-frequency amplifier be minimized?

Ans.  (See Ques. 2.302 and 3.136.)
Ques. 3.68. What is a definition of “parasitic oscillations”?

Ans.  “Parasitic oscillations’ are undesired oscillations
developed in a radio-frequency amplifier circuit at some fre-
quency higher than the normal operating frequency. They
are principally due to feedback resulting from the connecting
lead capacitive and inductive effects when tubes are operated
in parallel or push-pull. Parasitics are eliminated by intro-
ducing circuit losses to these spurious frequencies by the
insertion of small radio-frequency choke coils shunted by a
noninductive resistance in cach plate and/or grid leads of the
parallel-connected tubes. Parasitic oscillations are not neces-
sarily a harmonic component of the fundamental frequency.

Ques. 3.69. What is the purpose of a Faraday screen
between the final tank inductance of a transmitter and the
antenna inductance?

Ans.  The purpose of a Faraday screen is to minimize the
radiation of harmonic frequencies. This it does by reducing
the capacitive coupling between the amplifier and antenna
cireuits, by which the harmonics are chiefly transmitted.

Ques. 3.70. How may the distortion effects caused by class
B operation of a radio-frequency amplifier be minimized?

Ans. Distortion effects are minimized by operating the
amplifier tubes in a push-pull arrangement, a reasonably high
tank circuit impedance, proper grid bias, a high @ tank circuit,
and balanced tubes and by restricting the grid excitation volt-
age to the normal lincar range of the amplifier. Proper tuning
and loading adjustments are other important prerequisites.
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Ques. 3.71. What is the effect of carrier shift in a plate-
modulated class C amplifier?

Ans.  Carrier shift causes unwanted harmonics and addi-
tional side-band frequencies, resulting in interference with
other stations on adjacent frequencies. (See Ques. 6.42.)

Ques. 3.72. What are some possible indications of a defec-
tive transmitting vacuum tube?

Ans.  Some possible indications of a defective transmitting
vacuum tube are

1. Burned-out filament (dark tube).

2. Low emission as indicated by no reading or a low reading
on the plate-current meter accompanied by a slightly high
voltage reading,.

3. A gassy tube, as indicated by a blue haze, red-hot plate,
and/or fluctuations in plate current or by excessive grid-cur-
rent flow.

Ques. 3.73. What would be possible indications that a
vacuum tube in a transmitter has subnormal filament emission?

Ans.  The general symptom is indicated by a low plate-
current indication in the defective tube.  Decreased excitation
and radiation and low plate temperature (plate color) in power-
amplifier tubes are other possible symptoms.

Ques. 3.74. What are possible causes of negative carrier
shift in a linear radio-frequency amplifier?

Ans. A negative carrier shift is one in which the upward
excursion of a modulated radio-frequency wave is not so great
as the downward excursion when averaged over the modulation
cycle.  Circuit conditions which may produce a negative
carrier shift are as follows: overmodulation, excessive radio-
frequency excitation, poor filter circuit, or poor regulation,

Ques. 3.76. In a modulated class C radio-frequency ampli-
fier, what is the effect of insufficient excitation?
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Ans.  Decreased radiation, low plate efficiency, decreased
tank and plate currents, distortion, and carrier shift may
develop owing to insufficient excitation.

Ques. 3.76. What is the purpose of a dummy antenna?

Ans. A dummy antenna is used to load a transmitter for
testing purposes without radiation. The dummy antenna
may consist of a bank of lamps or other equal resistors.  The
resistance of the dummy antenna must be equivalent to that
of the working antenna,

Ques. 3.77. In a class C radio-frequency amplifier stage
of a transmitter, if plate current continued to flow and radio-
frequency energy was still present in the antenna circuit, what
defect would be indicated?

Ans.  On a radiotelegraph transmitter, this would indicate
defective keying, usually a failure of the keying bias to block
the tubes when the key is up, or that keying relay is closed.
In a radiotelephone transmitter fitted with press-to-talk
button, a continuous flow of plate current and antenna current
may be due to a shorted bias supply or self-oscillation resulting
from improper neutralization. Parasitic oscillations may also
produce this effect.

Ques. 3.78. If the transmitter filament voltmeter should
cease to operate, how may the approximately correct filament
rheostat adjustment be found?

Ans. By observing the color of the filaments and by noting
other meter readings to see that they are normal.

Ques. 3.79. What are some possible causes of overheating
vacuum-tube plates?

Ans.  Overheating may be due to any one of the following
causes: parasitic oscillations, excessive drive, insufficient grid
bias, plate tank circuit improperly tuned (off resonance), gassy
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tube, self-oscillation due to improper neutralization, and exces-
sive filament or plate voltage.

Ques. 3.80. Should the plate current of a modulated class
C amplifier stage vary or remain constant under modulation
conditions? Why?

Ans. The plate current should remain constant during
sinusoidal modulation, since the average value of the direct-
current component is essentially zero under these conditions.

Ques. 3.81. What is the effect of a swinging antenna upon
the output of a simple oscillator?

Ans. Inasmuch as the antenna circuit is coupled directly
to the plate circuit of a simple oscillator, any variation in
antenna capacity, such as might be caused by a swinging
antenna, would be reflected into the tube’s plate cireuit. This
action would be equivalent to placing a fluctuating load on the
oscillator and would result in frequency instability.

Ques. 3.82. What factors permit high conduction currents
in a hot-cathode type of mercury-vapor rectifier tube?

Ans. High conduction currents in a hot-cathode type of
mercury-vapor rectifier tube are permissible because the cur-
rent is carried chiefly by ions in the tube rather than by elec-
trons emitted from the cathode. The low (15-volt) voltage
drop across the tube while conducting makes the plate power
dissipation (EI) low even for large values of plate current.

Ques. 3.83. List the principal advantages of a mercury-
vapor rectifier over a high-vacuum-tube type of rectifier.

Ans.  The principal advantages of the mercury-vapor recti-
fier over a high-vacuum-tube type of rectifier are its better
voltage regulation and higher operating efficiency. In com-
paring the efficiency of the high-vacuum-tube type with that
of the mercury-vapor type, it has been found that the latter
may be approximately 99 per cent efficient as compared with
approximately 87 per cent of the former.
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Ques. 3.84. What is the effect, upon the voltage regulation
of a rectifier and filter system, of the resistance of the filter
chokes?

ins. The less resistance in the filter chokes the better will
be the regulation.

Ques. 3.85. Describe the theory of current conduction and
rectification by means of cold-cathode, gassy-diode vacuum
tubes.

Ans. When an alternating difference of potential is applied
across the electrodes, one of which is a cold cathode and the
other a rod-shaped anode, the strain exerted upon the gaseous
atmosphere will result in the breakdown of the gas atoms
(ionization due to collision). If the electrodes are identical
in construction, an electron current will low in both directions
under conditions of ionization. However, in order that uni-
lateral flow only shall take place under application of an alter-
nating voltage, the plates are of ditferent design with regard
to each other. This special design permits electrons to flow
from one element to the other when the gas ionizes but not in
the reverse direction. This action permits the use of this type
of tube for rectification purposes.

Ques. 3.86. Describe the principle of operation of a syn-
chronous type of mechanical rectifier.

Ans.  There are two general types of mechanical rectifiers,
namely, the vibrating-reed and the synchronous-commutator
types. The vibrating-reed rectifier consists of u metal strip or
reed in which the reed forms the armature of an eleetromagnet
excited from the alternating-current supply. The reed is
arranged with contacts which are opened and closed period-
ically with the change of the alternating-current cycle. If
one pair of contacts is used, the circuit will elose during one-
half of the cycle; if two contacts are used the circuit will close
on both halves of the eyele.  Thus the contacts may be closed
at half-wave pulses or full-wave pulses, as desired.
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The commutator type of synchronous reetifier employs a
rotating arm with segmented pillars which is driven by a syn-
chronous motor. Separate rectifving contacts are fixed in a
stationary position near the movable arm. These make con-
tact with the commutator. The stationary and rotary seg-
ments are so arranged that the connections are reversed at the
instant that the current reverses and in this manner rectify
the alternating current to direct-current pulses.

Ques. 3.87. What might be the result of starting a motor
too slowly, using a hand starter?

Ans.  Starting a motor too slowly, using a hand starter,
may burn out the resistance units in the starting box, as they
are made for temporary duty only and cannot stand a heavy
current flow for more than a very short period.

Ques. 3.88. State the principal advantages of a third-brush
generator for radio power supply in automobiles.

Ans. The principal advantage of the third brush in a
generator is to improve the voltage regulation under generator
speed changes.

Ques. 3.89. What materials should be used to clean the
commutator of a motor or generator?

Ans. The commutator of the direct-current motor or
generator is kept clean by polishing it with a piece of fine
sandpaper, usually No. 0000. Emery cloth should never be
used because it contains small metallic dust which would
short-circuit the commutator segments. A piece of coarse
canvas is also useful in giving the commutator a final polish.
A special commutator paste is also available. This paste
should be applied sparingly with a clean cloth, and the com-
mutator then polished while the machine is running.

Ques. 3.90. List three causes of sparking at the com-
mutator of a direct-current motor.
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Ans.  There are many causes for excessive sparking at the
brushes of a direct-current machine as follows:

1. Overloaded.

2. Poor brush fitting or worn brush.

3. Open in armature circuit.

4. High commutator bar.

5. Dirty commutator.

6. Too rapid starting,.
Brushes off neutral point.

-1

Ques. 3.91. Why is it necessary to use a starting resist-
ance when starting a direct-current motor?

Ans. A starting resistance is necessary to prevent an
excessive current flow in the armature of the motor before it
gets up to speed.  When the motor is up to running speed, the
armature generates enough self-induced counter e.m.f. to keep
the current in itself down to safe limits.

Ques. 3.92. List the comparative advantages and dis-
advantages of motor-generator and transformer-rectifier
power supplies.

Ans. The answer may be tabulated as follows:

MoTtor GENERATOR

ADVANTAGES ‘ DISADVANTAGES

1. Easy voltage control. 1. Poor regulation at low volt-

2. Good regulation at full voltage. | ages.

3. Exceptionally rugged. 2. High first cost.

4. May be located at remote 3. Difficult to repair.
point, 4. May be noisy.

5. May be operated from alter- 5. May cause vibration.
nating-current  or  direct-current 6. Requires constant attention
lines. to lubrication, commutator, and

6. Very low maintenance costs. brushes.

7. Can stand considerable abuse. 7. May require long and danger-

ous high-voltage leads.

8. On direct-current generators
| output limited to about 12,000
| volts.
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VACUUM-TUBE RECTIFIER

ADVANTAGES ! DISADVANTAGES
1. Lower first cost than motor 1. Necessity to replace tubes.
generator. 2. High maintenance costs.

2. No moving parts, hence no 3. Requires careful operation,
lubrication or other care aside from | cannot stand much abuse.

¢leaning. 4. High-vacuum type has poor
3. Exceptionally high voltages | regulation.
available without danger of break- 5. Must be operated from alter-
down, nating-current line.
4. Mereury-vapor tvpe has good
regulation.
5. Quiet in operation; no vibra»
tion.
6. Easier repair than motor gen-
erator,

7. Can be enclosed in transmitter
unit, thus no exposed high-voltage
leads

Ques. 3.93. If the reluctance of an iron-cored choke is
increased by increasing the air gap of the magnetic path, in
what other way does this affect the properties of the choke?

Ans. The inductance will be deereased and the filtering
action impaired. Core saturation will not occur.

Ques. 3.94. What is the effect upon a filter choke of a
large value of direct-current flow?

Ans.  The effect of a large value of direct-current flow upon
a filter choke would be to cause it to heat up excessively. If
the current flow is large enough, the filter choke may burn out.
Under any conditions an excessive direct-current flow will
cause the choke to be saturated and have less inductance.

Ques. 3.95. What are the characteristics of a condenser
input filter system as compared to a choke-input system?

Ans.  The condenser-input filter will give a higher voltage
output than the choke-input system, but the regulation of the
condenser-input system will not be so good. Instantaneous
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peak rectifier current is much higher with capacity-input filters.
This is particularly true if a mercury-vapor rectifier is used.

Ques. 3.96. What is the principal function of the filter in a
power supply?

Ans.  The principal function of the filter in a power-supply
system is to iron out the peaks of the ripple frequency and to
provide an output voltage which has a minimum fluctuation
characteristic.

Ques. 3.97. What are the characteristics of a choke-input
filter system as compared to a condenser-input system?

Ans.  Other things being equal, the choke-input filter sys-
tem will give better regulation than the condenser-input sys-
tem, but the output voltage will be lower with the choke-input
system. (See Ques. 3.95.)

Ques. 3.98. What is the percentage regulation of a power
supply with a no-load voltage output of 126.5 volts and a full-
load voltage output of 115 volts?

Ans.  The percentage of regulation would be 10 per cent,
computed by the formula
Regulation per cent = LMZE’—- Enin X 100.
Ques. 3.99. What is the definition of “voltage regulation”
as applied to power supplies?

Ans.  “Regulation,” as applied to power supplies, is the

difference between no-load and full-load voltage, expressed as
a percentage of the full-load voltage.

Enl — Eﬂ

Regulation in per cent =
E;

X 100,

where E; is the no-load voltage.
Ez is the full-load voltage.
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Ques. 3.100. May two condensers of 500 volts operating
voltage, one an electrolytic and the other a paper condenser,
be used successfully in series across a potential of 1,000
volts? Explain your answers.

Ans. If the voltage is of an alternating character, this can-
not be done, since the electrolytic condenser operates upon the
principle of unilateral conductivity. That is, it is a conductor
during one portion of the alternating-current cycle.  Obviously
at this instant the paper condenser will be subjected to abnor-
mal strain and will puncture. In direct-current circuits the
arrangement may be used provided equalizing resistors are
used, the electrolytic condenser possesses a very low power
factor, and proper polarity is observed.

Ques. 3.101. What is the principal function of a swinging
choke in a filter system?

Ans.  The swinging choke provides an inductance value
which varies inversely with the current flow, thereby improving
the regulation of the power supply. This is achieved by
designing the choke coil with a relatively small iron core so that
it will readily saturate with heavy current flow, with a conse-
quent decrease in its inductance.

Ques. 3.102. What is the purpose of a bleeder resistor as
used in connection with power supplies?

Ans.  The purpose of a bleeder as used in a filter system is
to improve the regulation of the system. The bleeder also
serves to discharge the filter condensers after shutdown, thus
providing protection to the personnel against shock.

Ques. 3.103. What does a blue haze in the space between
the filament and plate of a high-vacuum rectifier tube indicate?

Ans. A blue haze indicates the presence of gas in the tube
and may mean that the tube is approaching the end of its
useful life.
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A blue haze on the wall of the tube or inside the suirface of
the glass envelope is a form of X-ray effect. This has no
injurious effect upon the operation of the tube.

Ques. 3.104. When condensers are connected in series in
order that the total operating voltage of the series connection
is adequate for the output voltage of a filter system, what is the
purpose of placing resistors of high value in shunt with each
individual condenser?

Ans.  To distribute the voltage strain equally between the
condensers and to discharge the condensers after shutdown
thus protecting the personnel against shock.

Ques. 3.105. If a high-vacuum type, high-voltage rectifier
tube should suddenly show heavy internal sparking and then
fail to operate, what elements of the rectifier-filter system
should be checked for possible failure before installing a new
rectifier tube?

Ans. The rectifier condensers.

Ques. 3.106. If the plate of a rectifier tube suddenly
became red hot, what might be the cause and how could
remedies be effected?

Ans. Short-circuited filter condensers, or excessive external
load, which might be caused by improper adjustment of the
radio-frequency circuit to which the rectifier tube supplies
power.

Ques. 3.107. Draw a simple schematic diagram of a quartz-
crystal-controlled oscillator, indicating the circuit elements
necessary to identify this form of oscillatory circuit.

Ans. See Fig. 2-5.

Ques. 3.108. Draw a simple schematic diagram of a dyna-
tron type of oscillator, indicating the circuit elements necessary
to identify this form of oscillatory circuit.
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Ans. See Fig. 3-10. This type of oscillator may be identi-
fied by the anode (SG) being at a higher potential than the
plate. This condition is necessary to accomplish the second-
ary emission on which the tube circuit depends for its operation.

AT §

£A I,
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SUPPLY

F16. 3-10. Dynatron oscillator.

Ques. 3.109. Draw a simple schematic diagram of an
electron-coupled oscillator, indicating the circuit elements
necessary to identify this form of oscillatory circuit.

Ans. See Fig. 2-8. In this type of circuit the plate element
acts only as an output-coupling medium while the screen-grid
element serves as the actual oscillator plate.

Ques. 3.110. What does the expression ‘‘positive tempera-
ture coefficient’” mean as applied to a quartz crystal?

Ans. The expression ‘positive temperature coeflicient”
means that the frequency of the crystal varies directly with
the temperature; ¢.c., when the temperature increases, the fre-
quency of the erystal increases.

Ques. 3.111. Draw a simple schematic diagram of a crys-
tal-controlled vacuum-tube oscillator using a pentode-type
tube. Indicate power-supply polarity where necessary.

Ans.  See Fig. 2-9.
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Ques. 3.112. What will result if a direct-current potential
is applied between the two parallel surfaces of a quartz
crystal?

Ans.  The parallel surfaces of a quartz crystal will either
expand or contract, depending upon the polarity of the applied
voltage. The crystal will not oscillate with a direct-current
potential applied. If the applied potential is great enough in
voltage value, the erystal will erack or split.

Ques. 3.113. What does the expression ‘‘negative tempera-
ture coefficient” mean as applied to a quartz crystal?

Ans. The expression “negative temperature coefficient”
means that the frequency of the erystal varies indirectly with
the temperature; that is, when the temperature increases, the
frequency of the crystal decreases.

Ques. 3.114. What does the expression “low temperature
coefficient” mean as applied to a quartz crystal?

Ans.  The expression “low temperature coefficient’”” means
that the frequency of the crystal varies very little with a change
in temperature.

Ques. 3.116. What is the function of a quartz crystal in a
radio transmitter?

Ans.  The funetion of a quartz erystal in a radio transmitter
is to keep the transmitter on its assigned frequency within the
allowed frequency tolerances; 7.e., the quartz crystal functions
as a frequency stabilizer.

Ques. 3.116. What may resuit if a high degree of coupling
exists between the plate and grid circuits of a crystal-con-
trolled oscillator?

Ans. A high degree of coupling between the plate and grid
circuits of a erystal-controlled oscillator might result in exces-
sive feedback with the danger of cracking the crystal.
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Ques. 3.117. What is the purpose in maintaining the tem-
perature of a quartz crystal as constant as possible?

Ans. 1t is necessary to keep the temperature of a quartz
crystal constant in order to keep its oscillating frequency
stable within limits.

Ques. 3.118. Why is a separate source of plate power
desirable for a crystal-oscillator stage in a radio transmitter?

Ans. A separate source of plate power is desirable in order
that the crystal-oseillator stage may operate with a maximum
stability. If the crystal stage takes its power from the same
source as the rest of the transmitter and the regulation of the
power supply is not up to the required standard for crystal
stability owing to variable load conditions in the power
amplifier, the dynamic stability of the crystal frequency would
be poor.

Ques. 3.119. What are the principal advantages of crystal
control over tuned-circuit oscillators? How may a slight
variation in a crystal oscillator frequency be effected?

Ans. High-frequency stability, highly selective tuning
properties (high Q), and eritical control of fundamental fre-
quency and harmonics by temperature adjustments.

The frequency can be raised or lowered by adding a small
variable condenser in parallel with the quartz plate.

Ques. 3.120. What is the approximate range of tempera-
ture coefficients to be encountered with X-cut quartz crystals?

Ans. From —10 to —25 parts per million (p.p.m.) per
degree centigrade.

Ques. 3.121. Is it necessary or desirable that the surfaces
of a quartz crystal be clean? If so, what cleaning agents may
be used which will not adversely affect the operation of the
crystal?
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Ans.  Yes, it is necessary to keep the surfaces of a quartz
crystal elean. This may best be done by using soap and water
or carbon tetrachloride.

Ques. 3.122. List the characteristics of a dynatron type of
oscillator.

Ans. The characteristics of a dynatron type of oscillator
are as follows:

1. A well-designed dynatron has a frequency stability which
compares favorably with that of the crystal oscillator without
temperature control.

2. Its efficiency is low.

3. It can be used in a heterodyne wavemeter. When so
used, the sharpness of indication of the meter is increased
because the dynatron neutralizes the positive resistance of the
wavemeter circuit. This it does by virtue of the negative
resistance of the tube operating as a dynatron.

Ques. 3.123. List the characteristics of an electron-coupled
type of oscillator.

Ans. The characteristics of an electron-coupled type of
oscillator are as follows: In the electron-coupled oscillator, the
plate cireuit is isolated from its load. Hence, changes in load-
circuit impedance do not affect the L X C value in the oscil-
lator circuit. Therefore, frequency stability is good. Modern
practice is to use the electron-coupled oscillator in frequency
meters because of its excellent frequency stability.

Ques. 3.124. Upon what characteristic of an electron tube
does a dynatron type of oscillator depend?

Ans.  Secondary emission.

Ques. 3.125. Describe a multivibrator and list its char-
acteristics and uses.

Ans. The multivibrator or relaxation oscillator is a two-
tube resistance-coupled oscillator in which the voltage devel-
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oped by the output of the second tube is applied to the input
of the first tube. The principle of operation is based upon the
fact that the tubes invert the wave form. The output wave is
nonsinusoidal in character. This type of oscillator may be
used for any of the following purposes:

1. Master oscillator timer.

2. To produce rectangular control pulses of certain lengths,
synchronized with excitation trigger pulses.

3. To introduce delay between input trigger pulses and a
second circuit.

4. Frequency division. To synchronize or lock circuits at
other than 1:1 ratio. (See Ques. 4.104 for circuit diagram.)

Ques. 3.126. If a wavemeter, having a deviation inversely
proportional to the wavelength, is accurate to 10 cycles when
set at 600 kilocycles, what is its error in cycles when set at
1,110 kilocycles?

Ans. The error is 18.5 cycles, computed as follows:

10:600 = x:1110; r = 18.5

Ques. 3.127. What precautions should be taken before
using a heterodyne type of frequency meter?

Ans.  The following precautions should be observed:

1. See that the filaments are operating at the proper voltage.

2. Be sure all high potential voltages are correct.

3. Be certain all holding screws on the cabinet are tight
before checking or using the instrument. Any looseness
involves capacity changes in the circuit, which will introduce
errors in the calibration.

4. Make certain the meter has been recently checked
against a calibrated test oscillator for frequency accuracy.

5. Let tubes warm up.

Ques. 3.128. What is the meaning of “zero beat” as used
in connection with frequency-measuring equipment?
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Ans. ““Zero beat’ means zero-beat frequency, which is the
condition achieved when the frequeney of the frequency-meter
oscillator and that of the oscillations under measurement are
equal. Hence, if the frequency of the frequency-meter oscil-
lator is ascertainable on a calibrated dial, then at “zero beat”’
the frequency of the oscillations being measured is that
indicated on the calibrated dial.

Zero beat might also be defined as the condition under which
maximum and minimum values of two different frequencics
occur at the same instant.

Ques. 3.129. What precautions should be observed in
using an absorption-type frequency meter to measure the
frequency of a self-excited oscillator? Explain your reasons.

Ans. Place the instrument as far as workably possible from
the circuit being measured to avoid mutual coupling reactions,
which would alter the output frequency of the circuit being
measured.

Ques. 3.130. If the first speech amplifier tube of a radio-
telephone transmitter were overexcited, but the percentage
modulation capabilities of the transmitter were not exceeded,
what would be the effect upon the output of the transmitter?

Ans. Excessive distortion would result in the modulated
amplifier and, consequently, in the radiated wave.

Ques. 3.131. What is the purpose of a preamplifier?

Ans. A preamplifier is used with certain low-output
microphones such as a condenser microphone chiefly for
two purposes: (1) to avoid cable loss ahead of the first stage
of amplification thereby improving signal-to-noise ratio,
(2) to isolate the impedance of the cable and load from the
microphone.
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Ques. 3.132. What are the advantages of using two tubes
in push-pull as compared with the use of the same tubes in
parallel in an audio-frequency amplifier?

Ans. By operating two tubes in push-pull rather than in
parallel a more symmetrical output wave form is secured,
which conforms periodically to both sides of the excitation
cycle, resulting in a neutralization of even harmonies.

Ques. 3.133. List four causes of distortion in a class A
audio-frequency amplifier.

.ns.  The following will cause distortion in a class A audio-
frequency amplifier:
1. Too much excitation voltage.
Improper operating potentials.
Improper load impedance.
Leaky by-pass or coupling condensers.
Improper bias.
6. Parasitic oscillations (singing).

o1 00

Ques. 3.134. What is the purpose of by-pass condensers
connected across audio-frequency amplifier cathode-bias
resistors?

Ans. The purpose of the by-pass condensers is to provide
a low-impedance path for the audio-frequency components of
the plate current to increase low-frequency response and signal
amplitude.

Ques. 3.135. What are the advantages of using a resistor
in series with the cathode of a class C radio-frequency ampli-
fier tube to provide bias?

Ans.  When this method is used, the tube is safeguarded
against the removal of bias in the event of the failure of the
independent bias supply. With this method, as long as a
plate current flows, a bias is provided. If the bias supply
should be short-circuited from a elass C radio-frequency
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amplificr tube not provided with a resistor, the plate current
would immediately rise and possibly damage the tube.

Ques. 3.136. How may the generation of even harmonic
energy in a radio-frequency amplifier stage be minimized?

Ans. The generation of even harmonic energy may be
minimized by the use of the following:

1. Push-pull circuits with matched tubes.

2. Faraday screen.

3. Optimum ratio of volt-amperes to watts in the tank
circuit,

Ques. 3.137. What tests will determine if a radio-fre-
quency power-amplifier stage is properly neutralized?

Ans. Plate voltages only are removed from the tube,
leaving the tube in its proper position in the circuit. Then
test for the presence of radio-frequency current in the plate
tank circuit of the tube whose neutralization is being tested.
To do this, the preceding amplifier must be operating and an
indicator of radio-frequency current, such as the thermo-
couple meter attached to a very small loop of wire, a neon
bulb, or a low-power carbon-filament lamp, must be brought
close to the tank circuit. If no radio-frequency current is
present in the tank circuit, the tube is properly neutralized.
If the presence of radio-frequency current is indicated in the
tank circuit, the neutralizing condenser should be varied until
it is indicated that this radio-frequency current in the tank
circuit is at a minimum.

Excessive plate current in an amplifier stage might indicate
improper neutralization. Therefore, a proper reading on the
plate-current ammeter would indicate proper neutralization of
that stage. (See Ques. 3.144 and 5.98.)

Ques. 3.138. Why is the plate-circuit efficiency of a radio-
frequency amplifier tube operating as class C higher than that
of the same tube operating as class B? If the statement above
is false, explain your reasons for such a conclusion.
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Ans. The statement is true. The reason is that plate
current flows only on the positive peaks of the excitation
voltage at the instant when the voltage drop across the tube
is low. Under these conditions, the largest portion of the
plate power will be absorbed by the tuned plate circuit and
transferred from there as useful output. (See Ques. 2.107.)

Ques. 3.139. Why does a class B audio-frequency amglifier
stage require considerably greater driving power than a class
A amplifier?

Ans. DBecause the grid of the class I3 amplifier is driven
positive on the crest of each eycle and the grid input resist-
ance of the tube is low. To avoid severe distortion the grid
resistance must be very small so that the load on the driver
does not change greatly when the grid goes positive. The
low-resistance grid eircuit consumes a relatively large amount
of power. By contrast, the class A amplifier presents a high
resistance at all times to the driver. llence, it requires less
driving power.

Ques. 3.140. Discuss the input circuit requirements for a
class B audio-frequency amplifier grid circuit.

Ans. The most important consideration in the require-
ments of a class B amplifier is the proper design of the input
circuit. The input to the grids of a class B audio-frequency
amplifier is generally a balanced class A amplifier with a
high load-impedance primary. The secondary winding which
feeds the grids of the class B stage is of low impedance and
low resistance to handle the heavy grid-current swings. The
heavy power demands also require a well-regulated plate and
bias supply to keep distortion at a minimum.

Ques. 3.141. When a signal is impressed on the grid of a
properly adjusted and operated class A audio-frequency
amplifier, what change in average value of plate current will
take place?
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Ans.  There will be no change in the average value of the
plate current.

Ques. 3.142. If the value of capacitance of a coupling
condenser in a resistance-coupled audio amplifier is increased,
what effect may be noted?

Ans. If the capacitance of the coupling condenser is
increased, the low-frequency response will be improved, but
if the capacity is increased to an excessive value, ‘“‘“motor-
boating’’ or distortion may occur owing to a change in the
time constants of the circuit.

Ques. 3.143. Why does a screen-grid tube normally
require no neutralization when used as a radio-frequency
amplifier?

Ans. Because the screen grid reduces the grid-to-plate
capacity of the tube, which decreases the amount of feedback
energy reaching the grid, thus preventing self-oscillation.

Ques. 3.144. What instruments or devices may be used to
adjust and determine that an amplifier stage is properly
neutralized?

Ans. Any of the following combinations may be used:
a wavemeter in conjunction with a thermocouple galvanom-
eter, a sensitive thermocoupled galvanometer connected in
series with a small pick-up loop, a neon bulb or a low-power
carbon-filament lamp connected in series with a pick-up loop.
In modern broadcast transmitters it is generally unnccessary
to use the above devices, since each transmitter is equipped
with an extra ‘“sensitive”” thermocouple shunt. This sensi-
tive thermocouple is part of the regular tank-circuit radio-
frequency ammeter. A pair of metal links are provided to
switch the ammeter from the high-current thermocouple to
the sensitive couple for neutralizing purposes.

Great care must be exercised that the sensitive thermo-
couple is not connected in the tank circuit during the period

141



RADIO OPERATING QUESTIONS AND ANSWERS

in which the plate voltages are applied, since it will burn out
immediately.

Ques. 3.145. What is meant by the term unity “coupling”?

Ans. When all the lines of force of one coil cut the windings
of a second coil coupled to it and viee versa, the coefficient of
coupling is said to equal unity. A formula for coefficient of
coupling is

A

~ L.

k‘l

where M is the mutual induetion between the coils.
L is the inductance value.

Under ordinary conditions, the value of & can approach, but
never exceed, the value of unity. IHowever, by the use of an
iron core, £ can be made almost equal to unity. Unity
coupling is the condition when & equals unity or one.

Ques. 3.146. Draw a diagram illustrating ‘“capacitive”
coupling between two tuned radio-frequency circuits.

Ans.  See Fig. 3-11.

+ 8-

Fia. 3-11.  Capacitive coupling system.

Ques. 3.147. Draw a diagram illustrating inductive
coupling between two tuned radio-frequency circuits.
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Ans.  See Fig. 2-16.

Ques. 3.148. Draw a diagram illustrating direct or Loftin-
White coupling between two stages of audio-frequency
amplification,

Ans.  See Fig. 3-12.

- +

Fia, 3-12.  Loftin-White direct-coupled amplifier.

Ques. 3.149. List four classes of stations which may be
operated by a person holding a radiotelephone second-class
license.

Ans.  Any station while using type A0, A3, A4, or A5 emis-
sion except standard broadeast stations, international broad-
cast stations, or ship stations licensed to use power in excess of
100 watts and type A3 emission for communieation with
coastal telephone stations. Such stations might include any
of the following:

1. General experimental,

2. Aeronautical.

3. Municipal police.

4. Television broadcast.
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Ques. 3.160. List four classes of broadcast stations which
may be operated by the holder of a radiotelephone second-
class operator license.

Ans. 1. Experimental broadecast.

2. Relay broadcast.

3. Educational FM broadeast stations operating below
1 kilowatt.

4. Auxiliary stations. (Studio-transmitter link, remote

pick-up.)

Ques. 3.151. May the holder of a radiotelephone second-
class operator license adjust and service or supervise the
adjustment and servicing of any class of police radio station?

Ans.  Yes, as long as such station is using type A3 emission.

Ques. 3.162. List four classes of stations, the equipment
of which may be adjusted and serviced by the holder of a
radiotelephone second-class operator license.

Ans. 1. General experimental.
2. Aeronautical.

3. Municipal police.

4. Television broadcast.

Ques. 3.163. List three classes of stations which may not
be serviced or adjusted by the holder of a radiotelephone
second-class operator license.

Ans. 1. Standard broadcast (frequency modulation and
television).

2. Ship station compulsorily equipped.

3. Zone police station.

Ques. 3.164. If an operator is employed at more than one
station, how may the requirements of the Commission’s Rules
and Regulations be met with respect to the posting of operator
licenses?
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Ans.  The holder of an operator license who operates any
station in which the posting of an operator license is not
required, may, upon filing application in duplicate accompanied
by his license, obtain a verification card. This card may be
carried on the person of the operator in lieu of the original
operator license, provided the license is readily accessible
within a reasonable time for inspection upon demand by an
authorized Government representative.

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

Ques. 3.166. Is it necessary that the original operator
license be posted at an aeronautical station? An aircraft
station? An airport station? A broadcast station? A ship
station?

Ans.  The original license of each station operator shall be
conspicuously posted at the place he is on duty, or in the case
of mobile units, either the license or verification card must be
kept in his personal possession.

Ques. 3.166. What is a ‘“verification card” and under what
circumstances may it be used?

Ans. The holder of an operator license who operates any
station in which the posting of an operator license is not
required may, upon filing application in duplicate accom-
panied by his license, obtain a “verification card.” This card
may be carried on the person of the operator in lieu of the
original operator license, provided the license is readily acces-
sible within a reasonable time for inspection upon demand by
an authorized Government representative.

Ques. 3.167. If a ship-telephone station is assigned the
frequency of 2,738 kilocycles, and the maximum tolerance is
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0.04 per cent, what are the highest and lowest frequencies
within the tolerance limits?

Ans. 2,736.9 and 2,739.1 kilocycles.

Ques. 3.168. If an aircraft station is assigned the frequency
of 3,106 kilocycles, and the maximum tolerance is 0.1 per cent,
what are the highest and lowest frequencies within the toler-
ance limits?

Ans. 3,101.9 and 3,108.1 kilocyeles.

Ques. 3.159. If a heterodyne frequency meter, having a
calibrated range of 1,000 to 5,000 kilocycles, is used to measure
the frequency of a transmitter operating on approximately 500
kilocycles by measurement of the second harmonic of this
transmitter, and the indicated measurement was 1,008 kilo-
cycles, what is the actual frequency of the transmitter output?

Ans. 504 kiloeveles.

Ques. 3.160. Under what conditions may a log not be
maintained by a radio station in the aviation or emergency
service?

Ans. During an emergency the log may be neglected but
must be made up immediately following the emergency and
initialed by a person, other than the operator, who was present
during the emergency.

Ques. 3.161. What information must be entered in the
radio station log of an aircraft station not open to public
service?

Ans.  According to Rule 9.41 of the FCC which is quoted
in the preceding answer, an aireraft station is not required to
keep a log.  However, if a log is kept, the information listed
under Items 1, 2, 3, and 4 in the following answer should be
entered.
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Ques. 3.162. List four entries required to be entered in the
radio station log of a station in the aviation service.

Ans. All stations in the aviation service, except aireraft
stations, must keep an adequate log showing (1) hours of
operation, (2) frequencies used, (3) stations with which com-
munication was held, and (4) signature of operator(s) on duty.

Ques. 3.163. List four entries required to be entered in the
radio station log of a station in the emergency service.

Ans. Iach licensee shall maintain adequate records of
the operation of the station, including (1) hours of operation,
(2) frequencies used, (3) nature and time of cach transmission,
(4) name of operator on duty at the transmitter.

Avrwor’s Nore—In addition to the above items to be noted in the
log, it is evident that anything of special significance not covered by the
above items should also be entered in the log.

Ques. 3.164. Define the following types of emission :
AQ, A1, A2, A3, A4, A5,

Ans. Type A0, Waves the successive oscillations of which
are identical under fixed conditions.  (Standard frequency
transmission.)

Type AL, Telegraphy on pure continuous waves. A con-
tinuous wave which is keyed according to a telegraph code.

Type A2, Modulated telegraph. A ecarrier wave modu-
lated at one or more audible frequencies, the audible frequency
or frequencies or their combination with the carrier wave being
keyed according to a telegraph code.

Type A3, Telephony. Waves resulting from the modula-
tion of a carrier wave by frequencies corresponding to the
voice, to musie, or to other sounds.

Type At Tacsimile.  Waves resulting from the modula-
tion of a carrier wave by frequencies produced at the time of
the =canning of a fixed image with a view to its reproduction
in a permanent form.
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Type A5. Television. Waves resulting from the modula-
tion of a carrier wave by frequencies produced at the time of
the scanning of fixed or moving objects.

In addition to the continuous-wave emissions, which are
classed as type A, there is type B emission (prohibited), which
is composed of successive series of oscillations the amplitude
of which, after attaining a maximum, decreases gradually, the
wave trains being keyed according to a telegraph code.

Ques. 3.166. In the adjustment of a radiotelephone trans-
mitter, what precautions should be observed?

Ans. Tests and experiments are permitted to certain sta-
tions provided they do not interfere with the services of other
stations. The operator should make certain before each test
or adjustment that such interference will not take place.

Ques. 3.166. What is the meaning of “a station open tc
public service”?

Ans. A station open to public correspondence at publishec
rates, i.e., a paid or toll message service.

Ques. 3.167. Under what circumstances may an aircraf
radio station call an airport station on 3,106 kilocycles?

Ans. The use of this frequency is restricted to communica-
tions pertaining solely to aircraft operation and the protectior
of life and property. This frequency is also a calling anc
working frequency for use primarily by nonscheduled aircraft

Ques. 3.168. If, upon being called by another station, :
called station is unable to proceed with the acceptance o
traffic without a slight delay, what procedure should b«
adopted by the operator?

Ans. If the station called is prevented from receiving, 1
shall reply to the call as indicated in the Regulations, but i
shall replace the letter IX by the signal . = . . . (wait), followe
by a number indicating in minutes the probable duration ¢
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the wait. If this probable duration exceeds 10 minutes (5
minutes in the aeronautical mobile service), a reason must be
given therefor.

Ques. 3.169. To what aircraft is an aeronautical station
required to provide nonpublic service?

Ans.  Aeronautical stations shall provide nonpublic service
without discrimination to all scheduled aircraft the owners of
which make cooperative arrangements for the operation and
maintenance of the aeronautical stations which are to furnish
such service and for shared liability in the operation of stations.
In addition, this class of station shall provide reasonable and
fair service to nonscheduled aircraft in accordance with the
provisions of these rules.

Ques. 3.170. Under what circumstances will remote con-
trol of a radio transmitter, other than broadcast, with the
operator at a point other than the location of the transmitter,
be authorized by the Commission?

Ans. A licensed operator shall be on duty and in charge of
the transmitter during all transmissions unless remote-control
operation or operation without an operator in attendance is
authorized by the terms of the instrument of authorization.

Ques. 3.171. Under what circumstances may aircraft
equipment be tested in flight?

Ans.  The licensees of all classes of stations in the aviation
service are authorized to make such routine tests as may be
required for the proper maintenance of the station provided
that precautions are taken to avoid interference with any
station. Tests on 3,105 and 6,210 kilocycles using a regular
antenna system can be made only at such times when no inter-
ference will be caused and, if in range of an airport control
station or Clivil Aeronautics Authority station, only after per-
mission is secured from such stations before commencing the
tests.
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Ques. 3.172. Explain the relation between the signal fre-
quency, the oscillator frequency, and the image frequency in
a superheterodyne receiver.

Ans. The image frequency is as far above the oscillator
frequency as the signal frequency is below the oscillator fre-
quency or vice versa. The difference between the oscillator
frequency and the signal frequency equals the intermedi-
ate frequency. The difference between the oscillator fre-
quency and the image frequency also equals the intermediate
frequency.

Ques. 3.173. What means are used to prevent inter-
action between the stages of a multistage audio-frequency
amplifier?

Ans. Adequate filters must be provided where necessary,
and the various components oriented to the optimum position
for minimum reaction between components. Iron shields are
useful in keeping down this reaction. It is sometimes useful
to ground the shields.

Ques. 3.174. Under what conditions, if any, may a station
be operated by an unlicensed person or by an operator not
holding a license of the grade normally required for that
station?

-Ans.  The Commission, if it shall find that the public inter-
est, convenience, or necessity will be served thereby, may waive
or modify the law which requires a licensed operator of a speci-
fied grade at each transmitting station except (1) at stations for
which a licensed operator is required by international agree-
ment, (2) at stations for which licensed operators are required
for safety purposes, (3) at stations engaged in broadcasting,
or (4) at stations operating as common carriers on frequencies
below 30,000 kilocycles. Ience, in an emergency the Com-
mission may permit certain stations to be operated by a grade
of operator not required in the regulations.
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Ques. 3.176. For what period of time must a log con-
taining distress entries be retained?

Ans.  Logs containing distress entries shall be retained by
the licensee until specifically authorized in writing by the
Commission to destroy them.

Ques. 3.176. What effect, if any, does modulation have on
the amplitude of the antenna current of a frequency-modulated
transmitter?

Ans.  In frequency-modulated transmitters the amplitude
of the antenna current remains essentially constant during the
process of modulation.

Ques. 3.177. Why is a high percentage of modulation
desirable in amplitude-modulated transmitters?

Ans. (Nee Ques. 3.36.)

Ques. 3.178. How would loss of radio-frequency excitation
affect a class C modulated amplifier when using grid-leak bias
only?

Ans. A decrease in radio-frequency excitation will result in
decreased value of grid-biasing voltage. The modulated
amplifier would no longer operate as an efficient class (* ampli-
fier. Complete loss of excitation would result in excessive
plate dissipation and probable damage to the modulated
amplifier tube or tubes.  (See also Ques. 5.60 and 6.157.)

Ques. 3.179. What is the purpose of a center-tap connec-
tion on a filament transformer?

Ans. A center-tap connection is provided on a filament
transformer to provide a balanced grid and plate circuit return
to the filament of a directly heated type of vacuum tube; to
maintain constant equipotential relations between the grid,
plate, and filament of the tube; and to equalize the plate cur-
rent drain from both sides of the filament.
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Ques. 3.180. What would be the result of a short circuit
of the plate radio-frequency choke coil in a radio-frequency
amplifier?

Ans. In a parallel-fed type of radio-frequency amplifier
a short-circuited choke coil will effectively ground the radio-
frequency plate potential. No radio-frequency energy will
be supplied to the plate tank circuit. The possibility of a
radio-frequency current flow through the defective choke may
burn out the direct-current plate ammeter if not suitably
protected by a radio-frequency by-pass condenser.

Ques. 3.181. What are the advantages of push-pull opera-
tion compared to single tube operation in amplifiers?

Ans.  (See Ques. 3.132, 5.54, 5.155.)

Ques. 3.182. What class of amplifier is appropriate to use
in a radio-frequency doubler stage?

Ans. A class C type of amplifier is most suitable in a radio-
frequency doubler stage.

Ques. 3.183. What is the ratio of modulator power output
to modulated amplifier plate power input for 100 per cent
amplitude modulation?

Ans. A ratio of 1:2. (See also Ques. 6.26.)

Ques. 3.184., Draw a diagram of a Hartley oscillator. A
Colpitts oscillator.

Ans.  (See Ques. 2.72 and 2.76.)

Ques. 3.185. Describe the construction and characteristics
of (a) a beam-power tube, (b) a thyratron tube, and (¢) a
battery-charging rectifier tube.

Ans. The beam-power tube is composed of a cathode, a
control grid, a screen grid, a suppressor grid (optional), and
a plate. A beam tube designed without an actual suppressor
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grid contains specially designed beam-forming parabolic plates
connected to the cathode. This plate structure produces an
electron beam effect and also prevents stray electrons from the
plate returning to the screen outside of the normal beam path.
The screen and control grids are spiral-wound wires arranged
so that each turn of the screen grid is shaded from the cathode
by one of the grid wires. The plate characteristics are similar
to those of the pentode except that the constant-current por-
tion is reached at lower plate voltage.

The thyratron or gas-filled triode tube is similar to a stand-
ard triode type of vacuum tube with the exception that it
contains mercury vapor or an inert gas of helium, argon, or
neon. The cathode is generally of the cylindrical indirect
heater type. The grid is a relatively large cylindrical sleeve
with large perforations that completely shields the cathode
from the plate. The plate is usually a button-shaped metallic
disk and serves merely as a simple collector for the electrons.

A typical battery charger rectifier is the Tungar diode
rectifier tube. This tube contains a tungsten filament and a
button-shaped graphite plate. In the bulb there is an inert
argon gas at low pressure.

The characteristics of the (a) beam-power, (b) thyratron,
and (c) battery rectifier tubes are briefly as follows:

a. High power output, high power sensitivity, and high
efficiency.

b. The grid serves as a critical electronic means for starting
current flow. It cannot stop the flow as in the nongaseous
types. The thyratron possesses rapid deionization time.

c. Low voltage, high current flow.

(See also Ques. 6.219.)

Ques. 3.186. What kind of vacuum tubes respond to fila-
ment reactivation, and how is reactivation accomplished?

.Ans.  The thoriated-tungsten type of vacuum tube. Reac-
tivation is accomplished by a series of short-period flash tests
of 30 to 60 seconds at voltages approximately twice that of the
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normal filament operating potential. This should be followed
with a seasoning test over a period of several hours at a slightly
higher than normal operating potential. The plate voltage
must be disconnected during these tests.

Ques. 3.187. What is the purpose of a bleeder resistor in
the filter of a high-voltage direct-current power supply?

Ans. 1. Provide a suitable discharge path for the high-
voltage condensers in the filter system after the power supply
is cut off.

2. Improves voltage regulation.

3. Reduces surge transients.

4. Equalizes the filter-condenser voltages.

5. Minimizes filter-condenser breakdown due to momentary
peak surges with changing loads.

(See also Ques. 5.122.)

Ques. 3.188. How much energy is consumed in 20 hours
by a radio receiver rated at 60 watts?

Ans. 1,200 watt-hours or 1.2 kilowatt-hours. Energy in
watt-hours = watts X hours = 60 X 20 = 1,200 watt-hours.
Expressed in joules, 1 watt-hour = 360 joules

1,200 watt-hours = 360 X 1,200 = 432 X 10* joules.

The fundamental unit of work, or energy, is the erg; for
practical purposes, the joule or watt-second is used. The
watt-second is equivalent to the energy requirements of an
electrical circuit in which one watt is supplied for one second.
This is equal to 107 ergs.

Ques. 3.189. How does the value of resistance in the grid
leak of a regenerative-type detector affect the sensitivity of
the detector?

Ans.  The grid leak of a condenser-resistance combination
in a regenerative-type detector regulates the time constant of
this network. This in turn controls the automatic grid bias
developed during input signal or feedback voltages. With
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weak-signal input the sensitivity of the circuit will be improved
if a large value of grid leak (1 to 10 megohms) and a small con-
denser of 0.0001 to 0.00025 microfarad are employed. The
larger the value of R and the smaller the condenser capacity
the greater will be the circuit sensitivity for weak-signal-input
voltages. (See also Ques. 2.204, 3.64, 5.45.)

Ques. 3.190. Compare the design and operating charac-
teristics of class A, class B, and class C amplifiers.

Ans.  (See Ques. 2.107 to 2.112, 2.136, 5.91, 5.163.)

Ques. 3.191. What are the causes of downward fluctua-
tion of antenna current at an amplitude-modulated trans-
mitter when the transmitter is modulated?

Ans. (See Ques. 3.40, 1.51, 4.123))

Ques. 3.192. What may cause upward fluctuation of the
antenna current at an amplitude-modulated transmitter when
the transmitter is modulated?

Ans. The antenna current will normally rise during the
process of modulation owing to the additive audio-frequency
power delivered to the carrier.  (See also Ques. 3.39 and 5.95.)

Ques. 3.193. Explain how grid-bias voltage is developed
by the grid leak in an oscillator.

Ans. The feedback voltages applied to the grid circuit from
the plate develop alternate positive and negative e.m.f.’s
between the grid and the cathode of the oscillator tube. If a
suitable value of grid condenser and grid leak is connected, as
illustrated in Fig. 2-3, the grid will attract electrons during
the positive half of the excitation eycle. The blocking action
of the series grid condenser will force the electrons to flow
through the grid-leak resistance, resulting in a voltage drop
across the resistance. Hence, since electrons will continuously
flow through the resistance from the grid to the cathode, the
grid will be maintained negatively with respect to the cathode
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during the period in which the tube circuit oscillates. (See
also Ques. 5.50.)

Ques. 3.194. Explain why radio-frequency chokes are
sometimes placed in the power leads between a motor-gener-
ator power supply and a high-powered radio transmitter.

Ans.  Radio-frequency chokes are sometimes connected in
this manner to prevent possible high-frequency high-power
current surges from burning out one or more of the generator
armature coils. They are also provided to filter out commu-
tator transients.

Ques. 3.1956. What effect does inductive reactance in an
alternating-current circuit have on the power factor of the
circuit?

Ans.  An inductive reactance in an alternating-current cir-
cuit introduces a lagging power factor. It will decrease the
power factor below unity by a value depending upon the
reactance value of the inductance. (See also Ques. 2.34.)

Ques. 3.196. In which circuits of a radio station are three-
phase circuits sometimes employed?

Ans. In the rectifier high-voltage power-supply circuits.
The high-voltage transformer in these high-power three-phase
installations is generally of the delta-Y type.

Ques. 3.197. Explain the operation of a vacuum-tube
rectifier power supply and filter.

Ans. Figure 5-8 illustrates a typical full-wave vacuum-
tube rectifier and power-supply system. The theoretical
operation of this type of circuit is briefly as follows:

The alternating-current power-supply voltage is raised
through the step-up action from the primary to the secondary
winding on the transformer in accordance with the laws of
induction as related to transformer theory. A step-down
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winding is also provided to supply the filament voltage for
the rectifier tubes.

When an alternating current flows in the primary winding,
the filaments of the rectifier tubes are heated and electrons are
emitted from the rectifier-tube filaments. The alternating
voltage induced in the high-voltage secondary winding alter-
nately charges the plates of the rectifier tubes positive with
respect to the filaments. When the plate of one tube is posi-
tive, electrons will flow from the filament to the plate of that
tube through one-half section of the high-voltage winding

. .
i

|

and through the voltage divider resistance and the choke coils,
thus returning to the filament to complete the circuit. The
complete flow is in the form of a half-wave pulsation.

When the alternating cycle reverses, the other tube will con-
duct a current flow through the other half of the high-voltage
winding and the circuit components. Another half-wave pul-
sation is developed which completes two pulsations for the one
cycle of alternating-current voltage.

The pulsations passing through the choke coils are partly
smoothed but not sufficiently to develop a pure direct current.
The filter condensers serve to fill in the slight irregularities or
troughs of the pulsations in a sort of reservoir action to improve
filtering further. The input filter condenser also tends to
boost the voltage output developed across the voltage divider
resistance.

The complete power-supply and vacuum-tube rectifier

1L
U
VW
BLEEDER

Fia. 3-13. Half-wave rectifier.
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system 1s essentially a device for changing the alternating
line-voltage current to a direct-current voltage of greater
amplitude.

Ques. 3.198. What are the merits of a frequency-modula-
tion communication system compared to the merits of an
amplitude-modulation communication system?

Ans. The primary advantage of a frequency-modulated
communication system is the improvement shown in signal-to-
noise ratio. A properly adjusted frequency-modulation type
of receiver is practically devoid of man-made noise and static
disturbances.

Frequency-modulated transmission also provides a more
uniform service area. This is due to the fact that the signal-
to-noise ratio remains high until the field intensity reaches a
low value. Decreased interchannel interference and relatively
lower power requirements are other important advantages of
frequency-modulation over amplitude-modulation systems.

Ques. 3.199. What is meant by horizontal and vertical
polarization of a radio wave?

Ans. The polarization of radio waves or light waves is the
effect of these waves to exhibit different properties in dif-
ferent directions at right angles to the line of propagation.
A vertically polarized wave is one in which all the lines of
electric force lie in planes perpendicular to the ground plane.
In a horizontally polarized wave, the lines of force are parallel
to the ground plane.

In general, an antenna that is vertical with respect to the
earth radiates a vertically polarized wave while a horizontal
antenna radiates a horizontally polarized wave.

Ques. 3.200. How should a transmitting antenna be
designed if a vertically polarized wave is to be radiated, and
how should the receiving antenna be designed for best per-
formance in receiving the ground wave from this transmitting
antenna?

158



RADIOTELEPHONE Element 3

Ans. The antenna should be designed to stand in a vertical
position with respect to the earth and close to the ground.
Vertically polarized waves so constructed produce a stronger
signal close to the earth than do horizontally polarized waves.
Vertical polarization, therefore, depends upon the physical
position of the antenna.

In general, vertically erected antennas, grounded or un-
grounded, of a dimension from one-eighth to one full wave-
length, are ideally suited for the transmission of vertically
polarized waves close to the ground. In any event, the
receiving antenna should conform exactly with the position
and ground relationship of the transmitting antenna.

Ques. 3.201. Draw a block diagram of a frequency-modu-
lation receiver and explain its principle of operation.

Ans.  See I'ig. 3-14.

Receiving
dipole

~Transmission
line

Broadcast |1 RAD'O FREQ 88-108 Mcls FREQUENCY| 10.7Mcls IN;;';EQ 107 Mc/s 'N; ':REO 10.7Mcfs
roaac [
B e =] (PREA AMP) |converter 10.7Mcfs 107 Mels

88-108 Mc/s

——

_ I -
SRR 50~
3 N HSCRIMI
N | 10.1mefs | '"TAFREQ) 07Mefs B 16 000¢ps Pl 'U<]
LlMlTE - “TT(LIMITER RATIO DET.
‘ 0.1 McRs) 10.1 Mcls (20.DET) POWER AMP.
CLOSE FOR
4CW RECEPTION
r__ _'7' P
i 8FO | [L‘J: POWER
I — syuPPLY
Fig. 3-14.

The radio-frequency components of a frequency-modulation
superheterodyne recciver are essentially the same as in the con-
ventional amplitude-modulation types of receivers. The pri-
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mary difference lies in the increased band-width (50 to 15,000
c.p.s.) requirements, input signal clipping (limiter action),
and the demodulation (detection) of the frequency-modulated
wave.

A comparison of Figs. 3-14 and 3-18 illustrates the basic
changes in the frequency-modulation receiver as compared
with a typical amplitude-modulation type.

In the frequency-modulation system, the transmitted carrier
frequency is practically of constant amplitude but varies in
width during the process of modulation.

When the transmitted signal is picked up by the receiver
dipole antenna, frequency-modulated signals will pass through
the tuned radio-frequency amplifier into the frequency con-
verter. Here the local oscillator and signal frequencies are
combined in typical superheterodyne fashion to produce the
desired heterodyne beat at the designated intermediate fre-
quency. The signals are then amplified by the successive
intermediate-frequency amplifiers and limiter stages.

The limiter stage(s) serve to clip off any amplitude varia-
tions of the signal input, thereby making its output constant to
the discriminator or ratio detector system. The detector in a
frequency-modulated receiver must be so designed that its out-
put varies with the input frequency. This is obtained in the
diseriminator detecting system by feeding the signal from the
final limiter intermediate stage to a balanced diode rectifier.
The radio-frequency signal to the diodes is fed from the limiter
stage into a double-tuned circuit (one for each diode) at two
frequencies: one above the intermediate-frequency center
frequency and the other below it. Hence, as the frequency
of the carrier frequency swings due to the modulating fre-
quency, the output across the diode load resistance varies in
accordance with the audio frequency modulating the carrier.
This audio frequency is then amplified in the usual manner by
the audio-frequency voltage and the power-amplifier tubes.

Ques. 3.202. Draw a block diagram of a frequency-modu-
lated transmitter and indicate the center frequency of the
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master oscillator and the center frequency radiated by the
antenna.

Ans. See Fig. 3-15.
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ARMSTRONG PHASE SHIFT FM TRANSMITTER
AUDIO BUFFER AND
AF l BALANCED POWER
AP —"1FREQ. PRE ‘ FREQ.
input MODULATOR uTPLL AMPLIFIER
POWER |-~ CRYSTAL Rnst _]
SUPPLY [—= LLATOR NETWORK
Transmitting dipole
REACTANCE TYPE FM TRANSMITTER or. ;";e":::e
Primary osc.
freq.=6Mc/s |
BALANCED FREQUENGY BUFFER AN ||
imput | REACTANCE MODULATED f:;:f FREQUENCY[ el POMER o)
50-15000 | MODULATOR OSCILLATOR [+4/ETHeSMULTIPLIERSf ... %Bn::rlm-
cps F i ) cfs
4 D-c control 3 frequency e Deviation
voltage freq.=

18x4.1673T5keh
CRYSTAL
Pﬂumﬁl-; MIXER 0SCILLATOR

Sub-harmonic
stabilizer

Fie. 3-15.

It is assumed in this example that an output center fre-
quency of 108 megacycles is required, this output in turn to
be frequency-modulated to produce a frequency deviation
during the process of modulation of +75 kilocycles. Further-
more, since the primary or master oscillators in many fre-
quency-modulated transmitters are in the vicinity of 6
megacycles, this latter frequency was chosen to represent the
controlled master oscillator frequency.

Hence, to satisfy these conditions, it will be necessary to
obtain a multiplication of eighteen times (3 X 3 X 2) by
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means of two tripler and one doubler amplifier stage to increase
the frequency from 6 to 108 megacycles.

F = 18F; = 18 X 6 = 108 megucycles.

However, to satisfy the conditions of modulation, the maste
oscillator must have a corresponding maximum permissible

. 75 = T I S
swing of {—8’ or 4.167 kilocycles.  This deviation of the maste

oscillator frequency when multiplied by 18 (tripler and double
stages) will yield a maximum swing of 75 kiloeycles.!

Ques. 3.203. In afrequency-modulation radio communica-
tion system what is the meaning of modulation index? O
deviation ratio? What values of deviation ratio are used in ¢
frequency-modulation radio communication system?

Ans.  Modulation index is defined as the ratio of the fre
quency-modulated carrier frequeney swing to the modulating
(audio) frequency.

_ maximum frequency swing
"~ frequency of signal voltage

The term ‘‘deviation ratio” relates more specifically to the
ratio of a frequency swing of 75 kiloeyeles (100 per cent modu-
lation) to the maximum audio frequency transmitted. The
maximum audio frequency is standardized at 15 kilocyeles.
Hence, for broadcast transmitters the maximum deviatior

g TBON0 e S,
ratio 18 15,000 = J. n radio communication systems the

deviation ratio is generally between 1 and 3.

Ques. 3.204. Why is narrow-band frequency modulation
rather than wide-band frequency modulation used in radic
communication systems?

Ans. 1. Improves signal-to-noise ratio.
2. Provides maximum coverage for a given amount of power.

1A maximum deviation of 75 kilocycles is authorized by the FCC
regulations for full frequency modulation.
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3. Reduces interchannel interference.

4. Accommodates more stations in a given spectrum.

5. Does not require high fidelity for code and voice trans-
missions.

6. Gives simplified transmitter and antenna design.

Ques. 3.206. What is the purpose of a squelch circuit in a
radio communication receiver?

Ans. A squelch circuit in a communications receiver is
used to reduce the inherent noise developed in the receiver
during the period in which no signal frequency is present.

Ques. 3.206. Discuss methods whereby interference to a
radio receiver can be reduced.

Ans. The reduction of interference to a radio receiver can
be improved by one or more of the following suggestions:

1. Thorough grounding of all metal components of the
receiver.

2. Inserting shielded radio-frequency choke coils and by-pass
condensers in the power-supply input to the receiver.

3. Directional antennas.

4. Balanced transmission lines or coaxial cables.

5. Shielded antenna lead-in wire. (Reduces normal signal
gain to the receiver.)

6. Series-resonant trap circuit across receiver input. (Ad-
just to the interfering signal frequency.)

7. Parallel-resonant wave trap circuit in series with the
antenna. (Adjust to the interfering signal.)

8. Insertion of a pretuner stage to the receiver input
terminals.

(See also Ques. 6.49 and 6.55.)

Ques. 3.207. Draw a diagram of an absorption-type wave-
meter and explain its principle of operation. -
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Ans.  Figure 3-16 illustrates a typical circuit diagram of an
absorption-type wavemeter. The coil of the wavemeter is
loosely coupled to the circuit under measurement. The tun-

Radlio-frequency

ammefter,
Calibrated
turung
v cordernser
\P_/'d'- up tank
nductarnce
F1a. 3-16.

ing condenser is varied until resonance is indicated by a maxi-
mum deflection on the radio-frequency ammeter.

The frequency or wavelength at resonance is determined
by a direct reading on the scale of the condenser or by refer-
ence to the instrument calibration chart. (See also Ques.
3.129.)

Ques. 3.208. Draw a diagram of an ohmmeter and explain
its principle of operation.

Ans. Figure 3-17 illustrates a simple type of ohmmeter.
In this instrument, small battery-type cells are used to supply

0~/ mil.
millrammeter

| x r Z—+
_L.\Tesf
prods
Fia. 3-17.
the voltage to operate a calibrated 1-milliampere type of

ammeter when the external terminals to an unknown resistor
are closed. Two standard calibrated resistors are employed.
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One resistor R, is of fixed value, and the other I, is of the vari-
able type to compensate for battery voltage changes.

Adjustment of the meter is accomplished by short-circuiting
the terminals X-Y and varving I, until the milliammeter
indicates a full-scale deflection (zero ohms on the calibrated
scale).

When an unknown resistance is connected across the
terminals, the current flow through the meter will decrease in
proportion to the amount of the unknown resistance applied.
Thus, since the scale is calibrated directly in ohms, the reading
will give the value of the unknown resistance. Zero ohms are
indicated at the extreme right, and maximum ohms are shown
on the extreme left in this simple type of ohmmeter.

Ques. 3.209. Discuss Lecher wires.

Ans. Lecher wires are short-wavelength two-wire trans-
mission lines. Two short parallel lengths of line are fre-
quently used in ultra-high-frequency vacuum-tube oscillators
to provide the necessary oscillatory constants for the circuit.
Lecher wires are generally a quarter wavelength long or some
multiple of a quarter wavelength, depending upon the fre-
quency required.

Lecher wires present an excellent means for studying the
phenomena of ultra-high-frequency transmission particularly
as related to the measurements of standing waves and nodes
on a transmission line.

Ques. 3.210. If a 0-1 direct-current milliammeter is to be
converted into a voltmeter with full-scale calibration 100 voits,
what value of series resistance should be connected in series
with the milliammeter?

Ans. 100,000 ohms.
Solution:

R =2 = —— = 100,000 ohms.
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Ques. 3.211. What are wave guides? Cavity resonators?

Ans. A wave guide is a metallic pipe of rectangular or
circular construction. It is used as a transmission line to
guide or transfer electromagnetic waves in the microwave
frequency spectrum between a generating source and an out-
put device, such as a parabolic antenna system. Wave guides
are used almost exclusively in the transmission of microwave
frequencics between 1 and 10 centimeters in wavelength
(10,000 to 3,000 megacycles).

A cavity resonator is a closed metallic chamber, either round
or rectangular in cross-section. These resonant cavities
develop standing-wave reflections which build up in the cavity
and reinforce each other at some resonant frequency depending
upon the physical construction of the cavity chamber.

The cavity resonator is to the microwave field what the
conventional lumped inductance and capacity are to the lower
radio-frequency field of high, medium, and low radio-frequency
circuits.

Ques. 3.212. In what range of frequencies do magnetron
and klystron oscillators find application?

Ans.  Magnetron and klystron oscillators are used almost
exclusively in the microwave and very high-frequency ranges
between 1,000 and 30,000 megacycles.

Ques. 3.213. What is the purpose of a diversity antenna
receiving system?

Ans.  The diversity type of antenna system is extensively
used in transoceanic telegraphy and telephone installations to
reduce signal fading.

Ques. 3.214. Why are insulators sometimes placed in
antenna guy wires?

Ans.  Insulators are sometimes placed in antenna guy wires
to prevent absorption and reradiation. If the physical length
of a certain guy wire approaches a resonant relationship to
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some multiple of the normal antenna frequency, harmonic
radiation and serious interference may result. Series insu-
lators connected in the guy wires help to break up these
resonant properties and prevent harmonic radiation.

Ques. 3.215. Discuss the construction and operation of
dynamotors.

Ans. A dynamotor is a motor-generator unit composed of
a motor armature and a generator armature with common
field excitation. The motor is generally a low-voltage direct-
current type operating from a 6-volt or, in some cases, a 24-volt
battery supply source. The generator armature develops a
direct-current voltage ranging from 300 to 500 volts with power
outputs ranging up to approximately 500 watts.

Some types of dynamotors utilize permanent magnets for
their field excitation.

Dynamotors are commonly used for portable plate power-
supply requirements. Minimum filtering is required as com-
pared with the vacuum-tube rectifier types of power supply.

Ques. 3.216. Discuss the cause and prevention of inter-
ference to radio receivers installed in motor vehicles.

Ans.  Interference is caused primarily by the ignition sys-
tem in motor vehicles. Ignition interference is minimized by
adhering to the following suggestions:

1. Bond and ground all cables to chassis.

2. Insert spark-plug suppressor resistors or chokes.

3. Shield all ignition wires.

4. Insert a 0.5-microfarad by-pass condenser across dis-
tributor points and dashboard ammeter.

5. Shield antenna lead-in wire from antenna to receiver
terminal.

6. By-pass all overhead wires to lights and dome lights.

Ques. 3.217. Explain the process of neutralizing a triode
radio-frequency amplifier.

Ans.  (See Ques. 5.98.)
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Ques. 3.218. A relay with a coil resistance of 6500 ohms is
designed to operate when 0.2 ampere flows through the coil.
What value of resistance must be connected in series with the
coil if operation is to be made from a 110-volt direct-current
line?

Ans. A resistance of 50 ohms will be required to drop the
voltage across the relay to the desired 100 volts,

Solution:
E =1IR = 0.2 X 500 = 100 volts.
E 110 — 100
Rociies = I~ 63 = 50 ohms.

Ques. 3.219. What value of resistance should be connected
in series with a 6-volt battery that is to be charged at a 3-
ampere rate from a 115-volt direct-current line?

Ans. 3614 ohms.
Solution:

R=E_e=115—6=3610hms.

1 3 3

Ques. 3.220. What may cause “motorboating” in an audio
amplifier?

Ans. “Motorboating” in an audio-frequency amplifier
may be caused by any of the following defects:

1. Open output filter condenser in the power-supply system.

2. Open grid leaks.

3. Improper R-C time constant in resistance-capacity
coupled audio-frequency amplifiers.

Ques. 3.221. Why are pairs of wires carrying alternating-
current heater currents in audio amplifiers twisted together?

Ans. Filament wires carrying alternating current are
twisted in order that the 60-cycle magnetic fields around them
will cancel out. This reduces the possibility of hum pickup
in adjacent circuits.

168



RADIOTELEPHONE Element 3

Ques. 3.222. Draw a block diagram of a superheterodyne
receiver capable of receiving amplitude-modulated signals and
indicate the frequencies present in the various stages when the
receiver is tuned to 2,450 kilocycles. What is the frequency
of a station that might cause image interference to the receiver
when tuned to 2,460 kilocycles?

Ans.  See Fig. 3-18.

Art.
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fo-fo=IF

| - 2908- 24502456
R rmp" . [ tsh IF AMP. INDJDET, AF AND
om HR|C o DETECTOR|——! STAGES AND R —-{@swr«o
suse |2450 (MIXER) [Sbhek| 456 kofs [1S6kh| _AVC STAGE JAF
 Audio
“456kefs 2 Y
L AF Sidebands Ty

Ground

NOTE:Image interfering frequency
without pre-selector
stage =3362 kefs (fo+21F)

I'tg. 3-18.

L

TRAP

Ques. 3.223. Show by a diagram how to
connect a wave trap in the antenna circuit of
a radio receiver to attenuate an interfering

signal. RECEIVER

Ans.  See Fig. 3-19.

I16. 3-19,
Ques. 3.224. Draw a diagram of a tuned radio-frequency
type of radio receiver.
Ans.  See Fig. 3-20.
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Ques. 3.226. What would be the effects of connecting 110
volts at 26 cycles to the primary of a transformer rated at
110 volts and 60 cycles?

Ans. The inductive reactance of the 110-volt 60-cyvele
primary winding will be lowered when the transformer is con-
nected to a 25-cvele frequency source. The current flow
through the primary winding will be more than double its
normal value and may result in serious overheating and ulti-
mate damage to the winding.

Ques. 3.226. Draw a diagram of a one-tube audio oscillator
using an iron-core choke,

Ans.  See Fig. 3-21.

Iron 10k
core
Cﬁa/"e +
=0 oA A Lyp
ok ] 2 T -
= | =05 )

Frg, 3-21,

Ques. 3.227. Show by a diagram how a two-wire radio-
frequency transmission line may be connected to feed a Hertz
antenna.

Ans. See Fig. 3-22,
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Ques. 3.228. Draw a diagram of a synchronous vibrator
power supply. A non-synchronous vibrator power supply.

Ans. See Fig. 3-23.
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172



RADIOTELEPHONE Element 3

Ques. 3.229. What are the limitations in the use of the
frequencies 2,638 and 2,738 kilocycles by ship stations?

Ans. These frequencies are designated for assignment to
coastal-harbor stations upon the condition that excessive inter-
ference will not be caused to maritime mobile stations.

Ques. 3.230. In addition to the transmitting and receiving
radio equipment at a ship radiotelephone station, what auxil-
iary equipment is required at the station?

Ans. Station logs and spare parts equipments are the only
requirements.

Ques. 3.231. For how long a period are logs of a ship radio-
telephone station required to be retained by the licensee of the
station?

Ans.  (See Ques. 181.03.)

Ques. 3.232. What is the calling and safety frequency for
use by ship radiotelephone and coastal-harbor stations in the
Great Lakes area?

Ans. The frequency 2,182 kilocycles is designated as a
calling, answering, and safety frequency for use in the Great
Lakes area.

Ques. 3.233. What is a coastal-harbor station?

Ans. The term ‘‘coastal-harbor’ station means a coastal
station used primarily for radiotelephone communication with
ship-telephone stations which, by reason of the designated fre-
quency or frequencies, have a limited communication range.

Ques. 3.234. What are the Commission’s requirements for
station identifications of a coastal-harbor station? A station
in the railroad radio service?
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Ans.  Coastal-harbor stations, when calling a ship station,
shall transmit the type of signal necessary to actuate the
receiving equipment known to be installed in the particular
ship station and normally used in the ship service for monitor-
ing the coastal-harbor station frequency.

Stations in the railroad service shall be identified during each
communication or exchange of a series of communications.
During an exchange of communications exceeding 15 minutes
in length, each station shall be identified at the end of each
15-minute period. In lieu of assigned call letters, identifica-
tion may be made by the name of the railroad and the train
number, caboose number, engine number, or name of fixed
wayside station or, if that is not practicable, by such other
number or name as may be specified by the railroad concerned
for the use of its employees to identify the fixed point or
mobile unit where the radio station is located. Where identi-
fication is made other than by train number, caboose number,
or engine number, a list of such identifications shall be main-
tained by the railroad. An abbreviated name or initial
letters of the railroad may be used where such name or initial
letters are in general usage. In those cases where it is shown
that no difficulty would be encountered in identifying the
transmissions of a particular station, as for example where
stations of one licensee are located in a yard isolated from other
radio installations, approval may be given to a request of the
licensee for permission to omit station identification.

Ques. 3.236. What is the frequency tolerance specified by
the Commission’s rules and regulations for coastal-harbor
stations? Class 1 experimental stations? Police mobile
radio units using frequency modulation in the 30-40 megacycle
band?

Ans.  Frequency tolerances for these services are shown in
the table on page 175.
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Station Frequeney | (GRS,
per cent
Coastal-harbor stations. .. ... ... ... 100 500 ke 0.1
1500--30,000 ke 0.02
Above 30,000 ke | 0.01 (FM)
30,000 ke | 0.02 (Al)
i Above 100,000 ke | 0.01 (FM)
0.04 (AD
Experimental stations.......... . .. ' | 0.01-0.02
Fucsimile broadeast station.........| ... . ... .. .. .. 0.01
Developmental broadeast station. . .. e .. 0.01
Remote pickup station........... . | oL, +0.02
Television.........oo o +0.01
Police mobile stations. ... ... ... . . 3040 Ne +0.01 (FM)

Ques. 3.236. What is the maximum power that may be
licensed to radio stations in the railroad radio service?

Ans. The normal power shall not exceed 100 watts input
to the final radio-frequency stage. Power in excess of this
amount may be authorized where data in support of such
a request are submitted, clearly showing the need for higher
power.

Ques. 3.237. What requirements of the Commission must
a person comply with in order to be qualified to operate
stations in the railroad radio service?

-Ans.  Stations in the railroad radio service may be operated
only by persons holding commercial radio operators’ licenses
issued by the Commission in accordance with the rules govern-
ing commercial radio operators or by employees of the station
licensee meeting the qualifications prescribed by the FCC
and in accordance with the limitations prescribed by the
Commission in its Order No. 126 for operation by such
employees.

175



RADIO OPERATING QUESTIONS AND ANSWERS

Ques. 3.238. What are the requirements for the keeping
of station records of stations in railroad radio service?

Ans.  All stations in the railroad radio service operated at
fixed locations shall maintain records showing
1. Names of employees using transmitters.
2. Results of maintenance tests.
3. Failure or improper operation of transmitting equipment.
4. Where an antenna or antenna-supporting structure(s) is
required to be illuminated:
a. The time the tower lights are turned on and off, if man-
ually controlled.
b. The time the daily visual observation of the tower lights
was made.
¢. Any observed failure of a tower light; the nature and time
of such failure; time and nature of the adjustments,
repairs, or replacements made; time notice given to the
airway communication station.
d. Periodic inspection at least once each 3 months.

Ques. 3.239. How often are point-to-point radiotelephone
stations in the fixed public radio service required to transmit
identifying call letters?

Ans. Every point-to-point telegraph or telephone station
shall transmit three times in succession at half-hour intervals
during each 24-hour period the identifying call letters of the
frequencies of 50 and below 50 megacycles.

Ques. 3.240. What are equipment and service tests of new
stations in the utility radio service, and under what conditions
are such tests authorized?

Ans. Equipment tests: Upon completion of construction
of a radio station in exact accordance with the terms of the
construction permit, the technical provisions of the applica-
tion therefor, and the rules and regulations governing the
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station. Prior to filing an application for a license, the
permittee is authorized to test the equipment for a period not
to exceed 30 days: provided, that the engineer in charge of the
district in which the station is located is notified 2 days in
advance of the beginning of tests and the permittee is not
notified by the Commission to cancel, suspend, or change the
date for the period of such tests.

Service tests: When construction and equipment tests are
completed in exact accordance with the terms of the con-
struction permit, the technical provisions of the application
therefor, and the rules and regulations governing the station,
and after an application for station license has been filed with
the Commission showing the transmitter to be in satisfactory
operating condition, the permittee is authorized to conduct
service tests in exact accordance with the terms of the con-
struction permit until final action is taken on the application
for license: provided, that the engineer in charge of the district
in which the station is located is notified 2 days in advance of
the beginning of such tests and the permittee is not notified
by the Commission to cancel or suspend tests or change the
date for the period of such tests.

Maintenance tests: Any station may be tested as may be
required for proper maintenance of the :equipment. All
necessary precautions shall be taken to avoid interference with
other stations, and the test time shall be kept to a minimum
commensurate with insurance of reliable communication.

Ques. 3.241. In accordance with the Commission’s rules
and regulations, what is the primary standard for radio-
frequency measurements of stations in various radio services?

Ans. The primary standard of frequency for radio-fre-
quency measurements shall be the national standard frequency
maintained by the National Bureau of Standards, Washington,
D.C. The operating frequency of all stations will be deter-
mined by comparison with the Bureau’s standard signal station
W.W.YV,
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Ques. 3.242, What is meant by carrier frequency? By
carrier wave?

Ans. A carrier wave is

1. In a frequency stabilized system, the sinusoidal com-
ponent of a modulated wave whose frequency is independent
of the modulating wave; or

2. The output of a transmitter when the modulating wave ix
made zero; or

3. A wave generated at a point in the transmitting system
and subsequently modulated by the signal; or

4. A wave generated locally at the receiving terminal which,
when combined with the side bands in a suitable detector,
produces the modulating wave. A carrier frequency is the
frequency of the carrier wave.

Ques. 3.243. What is meant by a class 1 experimental
station? A class 2 experimental station?

Ans. A class 1 experimental station is one concerned
primarily with operational changes and experiments to
improve predesigned circuit functions. A class 2 experi-
mental station is one devoted exclusively to developmental
and rescarch projects.

Ques. 3.244. What is the national aircraft calling and
working frequency for use by private aircraft radio stations?

Ans. 3,105 kiloeycles.

Ques. 3.245. What is the very high-frequency (VHF)
emergency frequency used in the aeronautical services?

Ans.  121.5 megacycles.

Ques. 3.246. How often is visual observation of the tower
lights at an aeronautical land station required to be made?

Ans.  Visual observation of the tower lights must be made
at least once in 24 hours to insure that they are functioning
properly.
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Ques. 3.247. What are the requirements for station
identification of a private aircraft station using radiotelephony?

Ans.  Station identification for a private aireraft includes
the location of the airways tower and the FCC letters and
number of designation assigned to the particular aircraft.
For example, a private aircraft approaching New York would
call as follows: “Calling New York tower. This is N( 1234.”

Ques. 3.248. What is the scope of authority of a person
holding a radiotelephone second-class operator license?

Ans.  (See Appendix 11, See. 13.61.)

Ques. 3.249. For how long a period will a person who fails
a radio-operator examination element be ineligible for
reexamination in that examination element?

Ans. (See Appendix 11, Sec. 13.28.)



ELEMENT 4

ADVANCED RADIOTELEPHONY,
FREQUENCY MODULATION, AND TELEVISION

Ques. 4.01. A parallel circuit is made up of five branches,
three of the branches being pure resistances of 7, 11, and
14 ohms, respectively. The fourth branch has an inductive
reactance value of 500 ohms. The fifth branch has a capac-
itive reactance of 900 ohms. What is the total impedance
of the network? If a voltage is impressed across the parallel
network, which branch will dissipate the greatest amount of
heat?

Ans. The first step in a problem of this character is to
reduce the three parallel resistances to their effective or
singular equivalent value.

Ra= - L _ 397 ohms.
T,
T TR

Thus, a single resistance equivalent of 3.27 ohms is connected
in parallel to an inductive reactance value of 500 ohms and a
capacitive reactance of 900 ohms. Obviously, this low
value of resistance in shunt to the two higher reactances will
make the circuit impedance somewhere in the vicinity of 3+
ohms. To prove this contention, however, let us apply some
arbitrary value of voltage to this combination of, say, 900
volts. The currents through the various branches may then
be readily determined by Ohm’slaw, [ = E; I= -E: I= Lz

R X Xe
The total line current may then be obtained by the equation,

Tine = VI + (L — Ic)? = 276 amperes.
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Thus,

E 900 .
Z = 7 =96 = 3.26 ohms.
The greatest amount of heat will be dissipated by the 7-ohm

unit.

Ques. 4.02. What is the reactance of a condenser at the
frequency of 1,200 kilocycles if its reactance is 300 ohms at
680 kilocycles?

Ans. The correct answer is 170 ohms.

Solution:
Xeo _f2
Xc, B f1
300 _ 1,200
Xe, ~ 680

Xc; = 170 ohms.

Ques. 4.03. If the mutual inductance between two coils
is 0.1 henry, and the coils have inductances of 0.2 and 0.8
henry, respectively, what is the coefficient of coupling?

Ans. The coefficient of coupling is 0.25.

Solution:

M 0l
VL XL +02X0.8

= 0.25 (25 per cent).

Ques. 4.04. If, in a given alternating-current series circuit,
the resistance, inductive reactance, and capacitive reac-
tances are of equal magnitude of 11 ohms, and the frequency
is reduced to 0.411 of its value at resonance, what is the
resultant impedance of the circuit at the new frequency?

Ans.  The resultant impedance of the circuit at the new
frequency is 24.8 ohms.
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Solution:
X, =11, X, =11, R =11,
X} = 0411 X 11 = 4.52.
! 11 — o T . _— W /R
X‘(T—i—l—i = 26.76; New X = X! — X/ = 2224 ohms.

Z' = v/R* + X? = 21.8 ohms.

Ques. 4.06. If an alternating current of 6 amperes flows
in a series circuit composed of 12 ohms resistance, 16 ohms
inductive reactance, and 40 ohms capacitive reactance, what
is the voltage across the circuit?

Ans.  The voltage across the circuit is 138.7 volts.

Solution:
Ei=VE2+ (E. — E1)? = V3,600 + 15,625 = 138.7
volts.
Er =IR =5X12= 60 volts.
E. =1IX, =5 X 40 = 200 volts.

E, =1IX,=5X15= 75 volts.

Ques. 4.06. A series circuit contains resistance, inductive
reactance, capacitive reactance. The resistance is 7 ohms,
the inductive reactance is 8 ohms, and the capacitive react-
ance is unknown. What is the value of the condenser react-
ance in order that the total circuit impedance is 13 ohms?

Ans.  The capacitive reactance value must be 18.96 ohms.

Solutions:

Z=+VR+X*=+169 =494+ X2 X2 =120,
X = +10.96,
but X = X, — X,
. +10.96 = 8 — X, X =8+410.96 = 18.96.
Proof:

Z=vVR+ (X;— X1)? =19 120 = /169 =
13 ohms.
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Ques. 4.07. What is the total reactance of two inductances
connected in series with zero mutual inductance?

Ans. The total reactance with zero mutual inductance is
the sum of the two individual reactances, X, + Xa.

Ques. 4.08. If an alternating voltage of 116 volts is con-
nected across a parallel circuit made up of a resistance of
30 ohms, an inductive reactance of 17 ohms, and a capacitive
reactance of 19 ohms, what is the total circuit-current drain
from the source?

Ans. The total current drain is 3.9 amperes.

Solution:
Lioe = VI + (e — 1) = v/14.7 + .5 = 3.9 amperes.
I = 71% = 3.83 amperes, I.= E = .76 amperes,
B
I. = -\E = § amperes.

Ques. 4.09. When two coils, of equal inductance, are con-
nected in series, with unity coefficient of coupling and their
fields in phase, what is the total inductance of the two coils?

Ans. The total inductance is the sum of the two equal
inductances plus the product of 2M, or 4 X Ly or 4 X L.

Solution:
A[=‘\/‘L1XL2, Lx=L1+L2+2A[

Ques. 4.10. If a transformer has a primary voltage of
4,400 volts and a secondary voltage of 220 volts, and the
transformer has an efficiency of 98 per cent when delivering
23 amperes of secondary current, what is the value of primary
current?

Ans. The current flow at 98 per cent efficiency is approxi-
mately 1.17 amperes.
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Solution:
I, = —E‘—>,<—I—" = 1.15 amperes at 100 per cent efficiency.
“p
220 X 23
Pr =008
P, 5170 .
I,= T~ 1400 - 1.175 amperes.

Thus, at 98 per cent efficiency the value of primary current
is 1.17 amperes.

Ques. 4.11. Three single-phase transformers, each with a
ratio of 220 to 2,200 volts, are connected across a 220-volt
three-phase line, primaries in delta. If the secondaries are
connected in Y, what is the secondary line voltage?

Ans. In a delta-Y-connected transformer system the out-
put voltage across the secondary may be computed from the

formula
E, = E, T X 1.732,

I

secondary voltage.
T, = transformation ratio.
E, = primary voltage.
Thus, in this example, the sccondary voltage is 3,810 volts.

where E,

Ques. 4.12. What factors determine core losses in a
transformer?

Ans. The character of the core material and the physical
structure of the core material. The core losses in transformers
are mainly due to molecular friction or hysteresis and eddy
currents. These are minimized by the use of special core
material, such as silicon steel, and the arrangement of the
core into sheets or laminations.

Ques. 4.13. What circuit constants determine the copper
losses of a transformer?
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Ans. The copper losses are primarily dependent upon the
circuit load. These losses are generally expressed as the IR
losses. The proper size of wire for given load conditions is
essential to keep these losses at a minimum.

Ques. 4.14, Draw a schematic wiring diagram of a three-
phase transformer with delta-connected primary and Y-con-
nected secondary.

Ans. Tigure 4-1 illustrates a delta-Y-connected trans-
former.

OELTA M
PRIMARY SECONDARY

(53
>
5 a
-
a
% |
Ki. 4-).  Delta-star or Y transformer.

Ques. 4.16. What factor(s) determine the ratio of imped-
ances which a given transformer can match?

Ans. The turns ratio.

Turns ratio = 7.

N@N

Ques. 4.16. If a transformer, having a turns ratio of 10:1,
working into a load impedance of 2,000 ohms and out of a
circuit having an impedance of 15 ohms, what value of resist-
ance may be connected across the load to effect an impedance
match?

Ans. A load resistance of 6,000 ohms will effect an approxi-
mate match.,
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o
n Zy ne\" Z,
— B TR, — = =)
n2 Az ny Z1

Solution:

— 22
100 = %
1,500 = Zs.

Therefore R, must be of such value as to give 1,500 ohms
when in parallel with 2,000 ohms.

Ques. 4.17. 1In a class C radio-frequency power amplifier,
what ratio of load impedance to dynamic plate impedance will
give the greatest plate efficiency?

Ans. The theoretical ratio is infinity to one. For practical
purposes this ratio is generally 1:1.

Ques. 4.18. If a lamp, rated at 100 watts and 115 volts, is
connected in series with an inductive reactance of 3656 ohms
and a capacitive reactance of 130 ohms across a voltage of 220
volts, what is the current through the lamp?

Ans. The current flow through the lamp is approximately
0.86 ampere.

Solution:
Riuwp = 132 ohms (approx.),
I = E_ 220 - = 0.8 ampere (approx.).

Z VR F (Xi- X

Ques. 4.19. If an alternating-current series circuit has a
resistance of 12 ohms, an inductive and capacitive reactance
of 7 ohms, at the resonant frequency, what will be the total

impedance at twice the resonant frequency?
Ans. The impedance will be approximately 15.9 ohms.

Solution:
2X: = 14 ohms.
14X. = 3.5 ohms.
Z = \/R*+ (X. — X.)? = 15.9 ohms.
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Ques. 4.20. In a parallel circuit composed of an inductance
of 160 microhenrys and a capacitance of 160 micromicrofarads,
what is the resonant frequency?

Ans. The resonant frequency is 1,028 kilocycles.
Solution:
108

= 2r vVLC

Ques. 4.21. What value of capacitance must be shunted
across a coil having an inductance of 56 microhenrys in order
that the circuit resonate at 5,000 kilocycles?

= 1,028 kilocycles.

Ans. Approximately 18 micromicrofarads.

Solution:

1 . .
Clarags = L = 18 micromicrofarads.
Ques. 4.22. Why should impedances be matched in
speech-input equipment?

Ans. Impedances should be matched to effect a maximum
energy transfer and minimum line reflections. Improper
impedance matching in speech-amplifier circuits not only
might decrease the volume but might seriously affect the
quality of reproduction. A piece of cable that is electrically
short and is terminated in a resistance higher than its charac-
teristic resistance is equivalent to a shunt capacity.

Ques. 4.23. What are the purposes of H or T pad attenu-
ators?
Ans.  Attenuators of the H and T pad variety effect proper
impedance matching with desired attenuation.
Ques. 4.24. Why are grounded center-tap transformers
frequently used to terminate program lines?
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Ans. They effect a proper balance to ground. This
will cause a reduction in stray field pick-up and also balance
out unwanted line noites. The frequency response is also
improved.

Ques. 4.26. What is the purpose of a line pad?

Ans. A line pad serves to introduce a proper amount of
attenuation and at the same time effect an impedance match.

Ques. 4.26. Why are electrostatic shields used between
windings in coupling transformers?

Ans.  Electrostatic shields between windings in coupling
transformers reduce the capacitive coupling between coils.

Ques. 4.27. Why is it preferable to isolate the direct cur-
rent from the primary winding of an audio transformer work-
ing out of a single vacuum tube?

Ans.  Toprevent transformer core saturation. A saturated
core will lower the primary inductance and seriously impair
the quality of transmission. Heavy distortion will occur.

Ques. 4.28. Why are preamplifiers used ahead of mixing
systems?

Ans.  Mixing systems introduce a signal loss because they
are attenuating networks and consequently require a preampli-
fier to compensate for these losses.

Ques. 4.29. What is the purpose of a variable attenuator in
a speech-input system?

Ans. Variable attenuators are used to control the voltage
gain of an amplifier. They permit the proper degree of adjust-
ment for variable signal-input levels,

Ques. 4.30. In a low-level amplifier using degenerative
feedback, at a nominal mid-frequency, what is the phase
relationship between the feedback voltage and the input
voltage?
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Ans. Degenerative feedback, or feedback without the
generation of sustained oscillations, is that condition in a
vacuum-tube amplifying circuit in which energy from the
plate cireuit to the grid circuit causes the feedback voltage at
a nominal mid-band frequency to be 180 degrees out of phase
with the input voltage.

Ques. 4.31. Under what circumstances will the gain per
stage be equal to the voltage amplification factor of the vacuum
tube employed?

-tns. The gain per stage in a resistance-coupled amplifier
is equal to the voltage-amplification factor of the vacuum tube
employed. To achieve maximum gain from the tube, the load
impedance into which the tube works must be high.

Ques. 4.32. Why is a high-level amplifier, feeding a pro-
gram transmission line, generally isolated from the line by
means of a pad?

Ans. This is done to prevent overloading the line and also
to reduce the possibility of line reflections back to the final
stage. Proper impedance relations are also maintained.

Ques. 4.33. What is the result of deliberately introduced
degenerative feedback in audio amplifiers?

Ans. This will result in a decrease in the gain of the ampli-
fier but will greatly improve the frequency characteristic of the
amplifier.

Ques. 4.3¢. What unit has been adopted by leading pro-
gram transmission organizations as a volume unit and to what
power is this unit equivalent?

Ans. The volume unit, or 17", Tt hasa power equivalent
of 0.001 watt (600 ohms).

Ques. 4.36. What is the purpose of a line equalizer?
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Ans. A line equalizer as used in telephone lines serves to
compensate for the higher audio-frequency signal loss through
the distributed capacity in the lines. It enables the output of
the line to present a “fatter” frequency characteristic.

Ques. 4.36. Draw a diagram of an equalizer circuit most
commonly used for equalizing wire-line circuits.

Ans. Figure 4-2 illustrates a telephone-line equalizer.
A A

. 1.

F1g. 4-2. Line equalizer.

Ques. 4.37. What type of microphone employs a coil of
wire, attached to a diaphragm, which moves in a magnetic
field as a result of impinging sound waves?

A4ns. The dynamic microphone.

Ques. 4.38. What is the most serious disadvantage of
using carbon microphones with high-fidelity amplifiers?

4ns. The possibility of carbon noises or ‘‘hissing.”

Ques. 4.39. Why are the diaphragms of certain types of
microphones stretched?

4ns. The diaphragms of certain types of microphones are
stretched in order to obtain uniform response particularly at
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the high audio frequencies. The stretching increases the
resonant frequency of the diaphragm.

Ques. 4.40. Draw a simple schematic diagram of a grid-
bias modulation system, including the modulated radio-fre-
quency stage.

Ans.  Figure 4-3 illustrates a simple schematic of a grid-bias
modulated radio-frequency stage.

MODULATED AMPLIFIER CLASS

HARMONIC
SUPPRESSION

L&)
L ‘."

-
AF
INPUT, AINC.
—

oN My
TRANSFORMER 4 (-1 fg
AR
c
"1
F1g. 4-3. Grid-bias modulated class C radio-frequency amplifier with
inductive coupling to the antenna.

-
Wi %@JF

40=

Ques. 4.41. Draw a simple schematic diagram of a class B
audio high-level modulation system, including the modulated
radio-frequency stage.
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Ans. Figure 4-4 illustrates a simple schematic of a class B
modulated radio-frequency stage.

MODULATED R F AMPLIFIER
NC’ {SHUNT-FED PLATE)

It
i

- g OUTPUT

/MODULATION
TRANSFORMER

3

STEP-DOWN
WINDING

{46)
CLASS B
MODULATOR
F1u. 4-4. Class B modulation system.

Ques. 4.42. Draw a simple sketch of the trapezoidal pattern
on a cathode-ray oscilloscope screen indicating low per cent
modulation without distortion.

Ans.  Figure 4-5 illustrates a trapezoidal pattern as indi-
cated on the screen of a cathode-ray tube under the conditions
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of low percentage of modulation without distortion. The
pattern for complete modulation and excessive modulation is
also shown, for comparison.

EXCESSIVE
MODULATION

]

100 % LOW PERCENTAGE
MODULATION MODULATION

FiG. 4-5. Cathode-ray trapezoidal pattern.

Ques. 4.43. At 100 per cent modulation, what percentage
of the total output power is in the side bands?

Ans. At 100 per cent modulation the percentage of total
side-band power is equal to 33.3 per cent of the total output
power.

Ques. 4.44. Draw a schematic diagram of test equipment
which may be used to detect carrier shift of a radiotelephone
transmitter output.

Ans.  Figure 4-6 illustrates an arrangement for determining
carrier shift of a radiotelephone transmitter.

SMALL ANTENNA
OR ROD
BATTERY TYPE
TUBE, 15V

Fig. 4-6. Simple carrier-shift indicator.
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Ques. 4.45. What are the advantages and disadvantages
of class B modulators?

Ans. The class B system of modulation provides greater
cfficiency compared with the distortionless class A system.
Class B, however, introduces a relatively greater degree of
distortion than the class A system. In addition to the higher
plate efficiency the class B modulator provides lower power
consumption, since plate current flows only during the grid-
excitation periods.

Ques. 4.46. Why is frequency modulation undesirable in
the standard broadcast band?

Ans. High-fidelity frequency modulation requires a wider
band than amplitude modulation, which would restrict the
number of stations operating in this band.

Ques. 4.47, What is meant by “low-level’” modulation?

Ans. “Low-level” modulation is the term applied to sys-
tems in which the modulated radio-frequency stage precedes
the final power-amplifier stage.

Ques. 4.48. If a preamplifier, having a 600-ohm output, is
connected to a microphone so that the power output is —40 db,
and assuming the mixer system to have a loss of 10 db, what
must be the voltage amplification necessary in the line ampli-
fier to feed 410 db into the transmitter line?

Ans.  The necessary voltage amplification to satisfy these
conditions must be 1,000.

Solution (assuming 600-ohm terminations):

Input is —50 db at 600 ohms.

Output is +10 db at ? ohms.

db = 20 log LV 2,
E: /R,
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Decibel gain, therefore, is 60.

60 = 20 log 21V 000
E2 vV 600

If

E, _

lOg 'ETz = 3,

then,

E,

E, = 1,000,

Ques. 4.49. If the power output of a modulator is decreased
from 1,000 watts to 10 watts, how is the power loss expressed
in db?

Ans.  Gain or loss in db = 10 log % = 20 db.
Solution:
10 log % = 10 log 100.
log 100 = 2,
db = 20.

Since the power has been decreased, this is a 20-db loss, or
—20 db.

Ques. 4.50. Under what circumstances will the plate cur-
rent, as read on a direct-current meter, of a modulated ampli-
fier vary?

Ans. Under normal conditions, the average value of the
voltage on either side of the carrier frequency (direct-current
component) remains constant throughout the modulating
cycle. However, if during modulation the plate current varies,
it is an indication that the average during the modulating cycle
is being shifted up or down in accordance with the circuit
defects (carrier shift).

The following are the most probable causes for these varia-
tions: overmodulation, parasitic oscillations, improper neutral-
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ization, defective tube(s), poor regulation, low or excessive
radio-frequency excitation, improper grid bias or plate-imped-
ance adjustments,

Ques. 4.61. What could cause downward deflection of the
antenna current of a transmitter when modulation is applied?

Ans. The most common causes of downward deflection of
the antenna ammeter are low filament voltage or defective
tubes in the modulating or power-amplifier stages, open filter
condenser in the power supply, improper neutralization,
improper load-impedance adjustment, overmodulation, or low
radio-frequency excitation in the modulating or power-ampli-
fier stages.

Ques. 4.52. If tests indicate that the positive modulation
peaks are greater than the negative peaks in a transmitter
employing a class B audio modulator, what steps should be
taken to determine the cause?

Ans.  Decrease the audio-frequency excitation to ascertain
if the excessive positive peaks are caused by a high gain-control
setting. Check the balance of the modulator tubes for
equality of emission. Check the neutralization of the modu-
lated amplifier. Increase the tank circuit capacity and return
to resonance, as an insufficient C will also produce this result.
Check the grid-bias adjustments. (See Ques. 6.42.)

Ques. 4.63. Under what circumstances will the direct-
current plate current, as indicated on a direct-current meter,
of a properly adjusted grid-bias modulated radio-frequency
amplifier vary?

Ans.  If all adjustments are assumed to be correct, the plate
current as indicated on the direct-current ammeter will vary
with excessive audio-frequency excitation (overmodulation).

Ques. 4.54, What percentage increase in output power is
obtained under 100 per cent sinusoidal modulation?
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Ans. A 50 per cent increase in output power will be
obtained.

Ques. 4.66. In a class C radio-frequency amplifier stage
feeding an antenna system, if there was a positive shift in
carrier under modulation conditions, what could be the
trouble?

Ans. This may be due to insufficient tank circuit capacity,
antenna or tank circuits out of tune, insufficient excitation,
improper neutralization, or overmodulation. (See Ques. 6.42.)

Ques. 4.56. Name four causes of distortion in a modulated-
amplifier stage output.

Ans. Four causes of distortion in a modulated-amplifier
output are

1. Overmodulation.

2. Excessive radio-frequency drive.

3. Insufficient load impedance adjustment.

4. Tmproper neutralization (self-oscillation or regeneration)
and parasitic oscillations.

Ques. 4.57. 1f you decrease the percentage of modulation
from 100 per cent to 50 per cent, by what percentage have you
decreased the power in the side bands?

Ans.  The side-band power will be decreased 75 per cent.
Solution: Assuming a 100-watt completely modulated car-
rier, we get
mP, 1 X 100
2 2

= 50 watts.

Psb=

If modulation is reduced to 50 per cent, we get, by the sume
formula,

w = 0.25 X 50 = 12.5 watts,

a reduction of 75 per cent.
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Ques. 4.68. If a certain audio-frequency amplifier has an
over-all gain of 40 db and the output is 6 watts, what is the
input?

Ans. The input will be 0.0006 watt or 0.6 milliwatt.

Solution:
_ Py, _ 6, _ 6,
db = 10 log Py 40 = 10 log s 10,000 = oy
6 H vy
r = m = 0000() watt.

Ques. 4.69. If the field intensity of 256 millivolts per meter

develops 2.7 volts in a certain antenna, what is the effective
height?

Ans. The effective height will be 108 meters.
Proof: A height of 1 meter will develop 0.025 volt.

Ques. 4.60. Draw a schematic diagram of a final amplifier
with capacity coupling to the antenna which will discriminate
against the transfer of harmonics.

Ans.  Figure 4-7 illustrates a capacitive coupling system.

H— y

HARMONIC COIL
/
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Fra. 4-7. Capacitive coupling and harmonic suppression arrangement.
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Ques. 4.61. In what units is the field intensity of a broad-
cast station normally measured?

Ans.  TField intensity is generally measured in millivolts or
microvolts per meter.

Ques. 4.62. Draw a simple schematic diagram showing a
method of coupling the radio-frequency output of the final
power-amplifier stage of a transmitter to a two-wire trans-
mission line, with a method of suppression of second- and
third-harmonic energy.

Ans. Figure 4-8 illustrates a schematic arrangement of a
final power-amplifier stage with traunsmission-line coupling
and harmonic-suppression circuit.

Xg
a—
R Ry —+ TO
' Txa Txc 2 Tw.
’ ) o
PI NETWORK
=

Fi1G. 4-8. Transmission-line coupling system.

Ques. 4.63. An antenna is being fed by a properly termi-
nated two-wire transmission line. The current in the line at
the output end is 3 amperes. The surge impedance of the
line is 500 ohms. How much power is being supplied to the
line?

Ans. P =1*R =9 X 500 = 4,500 watts.

Ques. 4.64. If the daytime transmission-line current of a
10-kilowatt transmitter is 12 amperes, and the transmitter is

required to reduce to 5§ kilowatts at sunset, what is the new
value of transmission-line current?
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Ans.  The new value of current is 8.4 amperes.

Solution:

P 10,000
R = I? 1+

P 5000 . _
I = '\/;1-’ = \/ =0 = 8.1 amperes.

Ques. 4.65. If the antenna current is 9.7 amperes for §
kilowatts, what is the current necessary for a power of 1
kilowatt?

= 70 ohms.

Ans. For a power of 1 kilowatt the eurrent necessary will
be .3 amperes, computed as in the preceding answer.

Ques. 4.66. What is the antenna current when a trans-
mitter is delivering 900 watts into an antenna having a
resistance of 16 ohms?

P 900 .
I = \/1: = \/16 = 7.5 amperes.

Ques. 4.67. If the day input power to a certain broadcast
station antenna having a resistance of 20 ohms is 2,000 watts,
what would be the night input power if the antenna current
were cut in half?

Ans.

Ans. The night input power would be 500 watts.

Solution:

r [2.000
I= RSN 20 - V100 = 10 amperes.

1? = 5 amperes.
P = IR = 25 X 20 = 500 watts.
Ques. 4.68. The direct-current input power to the final-
amplifier stage is exactly 1,600 volts and 700 milliamperes.
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The antenna resistance is 8.2 ohms and the antenna current is
9 amperes. What is the plate efficiency of the final amplifier?

Ans.  The plate efficiency is 63.25 per cent.
Solution:

Efficiency = 55 = —5 = 0.6325 or (3.25 per cent.

Ques. 4.69. If the power output of a broadcast station is
gradrupled, what effect will this have upon the field intensity
at a given point?

Ans.  The field intensity at a given point will be doubled.

Solution: An increase of power to 4 times will result in a
current increase of 2 times.  The field intensity, therefore, will
increase in direct proportion.

Ques. 4.70. The ammeter connected at the base of a
Marconi antenna has a certain reading. If this reading is
increased 2.77 times, what is the increase in output power?

Ans. The increase in output power will be 7.67 times
greater.

Solution:

P = IR watts.

If the current is increased by 2.77 times, then the power must
increase 2.77% times.

Ques. 4.71, If the power of a broadcast station has been
increased so that the field intensity at a given point is doubled,
what increase has taken place in the antenna current?

Ans. The antenna current under these conditions has heen
doubled.

Solution: Field power is proportional to antenna power which
is proportional to antenna current squared. Field power is
also proportional to field intensity squared. Therefore, field
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intensity is proportional to antenna current. If the field
intensity is doubled, the antenna current was also doubled.

Ques. 4.72. If a transmitter is modulated 100 per cent by
sinusoidal tone, what percentage increase in antenna current
will occur?

Ans. The antenna current will increase 1.225 times the
unmodulated current or 22.5 per cent.

Solution:
Ieﬂ = Vl + ?'
At 100 per cent I.x = /1.5 = 1.225.

Ques. 4.73. What relationship obtains between the cur-
rents at the opposite ends of a transmission line, 14 wavelength
long, and terminated in an impedance equal to its surge
impedance?

Ans. The current readings at the input and output ends of
the line will be equal.

Ques. 4.74. The power input to a 72-ohm concentric trans-
mission line is 5,000 watts. What is the peak voltage between
the inner conductor and the sheath?

Ans. The peak voltage is 848.4 volts.

Solution:
E = /PR = /5,000 X 72 = 1/360,000 = 600.
Epesx = Eea X 1.414 = 8484 volts.

Ques. 4.756. A long transmission line delivers 10 kilowatts
into an antenna; at the transmitter end the line current is
6 amperes and at the coupling house it is 4.8 amperes. Assum-
ing the line current to be properly terminated and the losses in
the coupling system negligible, what is the power lost in the
line?
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Ans. The power lost in the line is 850 watts.

Solution:

Power lost = 5% X 434 — 10,000 = 850 watts.

Ques. 4.76. The power input to a 72-ohm concentric line
is 6,000 watts. What is the current flowing in it?

Ans.  The current flow is 8.35 amperes.

Solution:
I= \/}_f = 8.35 amperes
=\p =8 peres.
Ques. 4.77. What is the primary reason for terminating a

transmission line in an impedance equal to the characteristic
impedance of the line?

Ans. Proper termination of a transmission line prevents
standing waves and resultant line radiations. A maximum
transfer of power to the radiating system also results. Har-
monie radiation is minimized.

Ques. 4.78. If a vertical antenna is 406 feet high and is
operated at 1,260 kilocycles, what is its physical height,
expressed in wavelengths? (1 meter = 3.28 feet.)

Ans. The physical wavclength is 0.515 wavelength.

Ques. 4.79. What must be the length of a vertical radi-
ator 15 wavelength high if the operating frequency is 1,100
kilocycles?

Ans.  The height must be 136.2 meters.

Ques. 4.80. Draw a diagram of a crystal oscillator, includ-
ing temperature control, with one stage of radio-frequency
amplification. Power supplies need not be shown but indi-
cate points at which the various voltages will be connected.
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Ans.  Figure 4-9 illustrates a crystal oscillator with tem
perature-control chamber coupled to one stage of radio-fre
quency amplification.

TR BUFFER AMPUFIER
(SEMES-FED PLATE)

CRYSTAL
HEATING

TO REGULATOR
TUBE

Fic. 4-9. Crystal-controlled oscillator with temperature-control unit an
radio-frequency amplifier.

Ques. 4.81. Draw a diagram of a class B push-pull linea
amplifier using triode tubes. Include a complete antenn:
coupling circuit and antenna circuit. Indicate points at whicl
the various voltages will be connected.

Ans.  Figure 4-7 illustrates a class B linear amplifier i1
push-pull arrangement coupled to an antenna system.

Ques. 4.82. Draw a diagram of a complete class B modula.
tion system, including the modulated radio-frequency ampli.
fier stage. Indicate points where the various voltages will be
connected.

Ans. See I'ig. 4-4.

Ques. 4.83. A certain transmitter has an output of 10
watts. The efficiency of the final, modulated-amplifier stage
is 60 per cent. Assuming that the modulator has an efficienc;
of 66 per cent, what plate input to the modulator is necessar
for 100 per cent modulation of this transmitter?
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Ans. The plate-input power to the modulator is 151.5
watts. On the basis of 100-watt carrier requirements and an
efficiency of 50 per cent the modulated amplifier must have an
input power of 200 watts. At 100 per cent modulation the
total of the load power and the plate dissipation will be
increased by 50 per cent. Ilence the modulator must supply
100 watts of audio-frequency power, and since it is operating
at an efficiency of 66 per cent, the power input to the modu-
lator must be 151.5 watts.

Solution:

where P, is the power output required and Eff the efficiency.

Ques. 4.84. If an oscillatory circuit consists of two identical
tubes, the grids of which are connected in push-pull and the
plates in parallel, what relationship will hold between the input
and output frequencies?

Ans. This arrangement may be used as a frequenecy-
doubling system provided that the plate circuit is tuned to
twice the input frequency. See Fig. 5-3.

Ques. 4.85. What undesirable effects result from over-
modulation of a broadcast transmitter?

Ans.  Overmodulation may cause serious interference on
adjacent channels to which the transmitter may be operating.
Overmodulation in a frequency-modulated transmitter or
amplitude-modulated transmitter will also cause distortion of
the output wave.

Ques. 4.86. What do variations in the final amplifier plate
current of a transmitter employing low-level modulation usu-
ally indicate?
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Ans. An abnormal variation may indicate a defective tube,
improper load adjustment, improper radio-frequency excita-
tion, or excessive modulation. Improper adjustments of the
grid-biasing voltage in the modulating or final power amplifier
may also result in excessive variations.

Ques. 4.87. If, upon tuning the plate circuit of a triode
radio-frequency amplifier, the grid current undergoes varia-
tions, what defect is indicated?

Ans. Variation in grid current is normal during the tuning
process due to the load impedance changes in the plate tank
circuit. However, in triode amplifiers, excessive variations
during tuning may indicate the presence of parasitics or
improper neutralization.

Ques. 4.88. A B0-kilowatt transmitter employs 6 tubes in
push-pull parallel in the final class B linear stage, operating
with a 60-kilowatt output and an efficiency of 33 per cent.
Assuming that all of the heat radiation is to the water-cooling
system, what amount of power must be dissipated from each
tube?

Ans. The power input to all of the tubes is

P, _ 50,000
Eff ~ 0.33

Each tube will therefore dissipate 16,919 watts, or 16.92
kilowatts.

= 151,515 watts; P; — P, = 101,515 watts.

Ques. 4.89. What is the value of voltage drop across the
elements of a mercury-vapor rectifier tube under normal
conditions?
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Ans. The normal voltage drop across a mercury-vapor
rectifier tube is 15 volts.

Ques. 4.90. Draw a diagram of a bridge rectifier giving
full-wave rectification without a center-tapped transformer.
Indicate polarity of output terminals.

Ans. Figure 4-10 illustrates a full-wave bridge-rectifier
arrangement.

— -
= ool ——
3

Fi1g. 4-10. Bridge rectifier, single-phase,

Ques. 4.91. Draw a diagram of a rectifier system supplying
two plate voltages, one approximately twice the other and using
one high-voltage transformer with a single center-tapped
secondary, and such filament supplies as may be necessary.
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Ans.  Figure 4-11 illustrates a full-wave bridge rectifier for
double voltage supply.

I P

Frc. 4-11. Balanced single-phase full-wave rectifier.

Ques. 4.92. What is “arc back” or “flash back’?

Ans. “Flash back” or “arc back” is a condition in mer-
cury-vapor rectifier circuits in which the reetifier tube is
ionized to the point of conduction in the reverse direction.
For mercury-vapor tubes there is a critical voltage above which
this will oceur.  Under normal conditions arc back may sud-
denly occur, caused by the input condenser discharging back
through the tube or by radio-frequency reactions from the
operating circuit. Under such conditions the tube filament
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will be subjected to abnormal ion bombardment and the tube
may be ruined.

Ques. 4.93. What is meant by the “inverse peak voltage”
rating of a rectifier tube?

Ans. “Inverse peak voltage” is the maximum potential
difference which exists between the plate and cathode of a tube
during that period of the cycle when the tube is not conducting.

Ques. 4.94. How may a condenser be added to a choke-
input filter system to increase the load-voltage output?

Ans. Voltage may be raised by adding an input-filter con-
denser before the choke coil, but the system is then changed to
the condenser-input type.

Ques. 4.96. Why is it not advisable to operate a filter
reactance in excess of its rated current value?

Ans.  An excessive current flow through a filter reactance
may increase the possibility of core saturation and additional
IR drop. Both conditions would affect the output regulation
as well as the filtering. The inductance of any iron-core
reactor will drop as the core becomes saturated.

Ques. 4.96. What is a low-pass filter?

Ans.  The low-pass filter is used in any circuit where it is
desired to attenuate all frequencies above a definite cut-off
frequency and to pass without attenuation all frequencies
below this point.

Ques. 4.97. Draw a diagram of a simple low-pass filter.
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Ans. See Fig. 4-12. The high-pass filter is also shown, for
comparison.

INPUT LOAD INPUT H LOAD
LOW PASS HIGH PASS
FILTER FILTER

I'tg. 4-12.  Filter networks.

Ques. 4.98. If a power supply has a regulation of 11 per
cent when the output voltage at full load is 240 volts, what is
the output voltage at no load?

Ans. The no-load output voltage is 266.4 volts.

Solution:
Ex. = 240 X 1.11 = 266.4 volts.
Proof:
Ey, — 240
EFL

Ques. 4.99. How is the inverse-peak voltage, to which the
{ubes of a full-wave rectifier will be subject, determined from
the known secondary voltages of the power transformer?
Explain.

= 0.108 or 11 per cent.

Ans. The inverse-peak voltage is obtained by multiplying
the known effective end-to-end secondary alternating-current
voltage by 1.414 and subtracting the drop in the idle tube.

Ques. 4.100. If a power supply has an output voltage of
140 volts at no load and the regulation at full load is 15 per
cent, what is the output voltage at full load?

Ans. The output voltage at full-load conditions is 121.7
volts.

Solution:
140 = 1.15 = 121.7.
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Ques. 4.101. Why is a time-delay relay arranged to apply
the high voltage to the anodes of mercury-vapor rectifier tubes
some time after the application of filament voltage?

Ans. The time-delay relay prevents the application of high
plate voltages to the rectifier until the filament has been
sufficiently heated. The preheating period in mercury-vapor
tubes prevents the heavy overloading condition which would
exist if the plate voltage were to be applied before the filament
is up to proper temperature. Another reason for preheating
before applying the plate voltage on mercury-vapor tubes is to
vaporize the mercury deposits upon the filament caused by the
condensation which takes place when the tubes are not in use.

Ques. 4.102. Why is it important to maintain the operating
temperature of mercury-vapor tubes within specified limits?

Ans.  Excessive filament voltage produces increased ioniza-
tion and reduces the tube life, while insufficient filament volt-
ages produce severe overloading and possible burn out. 1f the
temperature of the tube itself is excessive, the inverse-peak-
voltage breakdown rating will be considerably lowered and
flash back will result.  Too low a temperature will damage the
filament by positive-ion bombardment.

Ques. 4.103. If a frequency-doubler stage has an input
frequency of 1,000 kilocycles, and the plate inductance is 60
microhenrys, what value of plate capacitance is necessary for
resonance, neglecting stray capacitances?

Ans. If the input frequency of a doubler system is 1,000
kilocycles, the output circuit must be tuned to 2,000 kilocycles.
Hence, the capacity required would be 105 micromicrofarads.
Computed according to the formula

1
= 7L farads,
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Ques. 4.104. Draw a simple schematic diagram of a multi-
vibrator oscillatory circuit.

Ans. Figure 4-13 illustrates a simple schematic of a multi-
vibrator cireuit.

8+ [ £ 4

F1g. 4-13. Multivibrator oscillator.

Ques. 4.106. What precautions should be taken to insure
¢hat a crystal oscillator will function at one frequency only?

Ans. 1. The temperature must be kept constant.

2. The crystal mounting must be proper and maintain cor-
rect pressure.

3. The crystal must be accurately ground.

4. The crystal must be perfectly clean, although coatings
are sometimes used to change the frequency deliberately.

5. The power-supply voltage must be kept constant.

6. The load must be kept constant by use of a buffer
amplifier.

Ques. 4.106. What are the advantages of mercury thermo-
stats as compared with bimetallic thermostats.

Ans.  Mercury thermostats insure better electrical contacts

Ques. 4.107. A 600-kilocycle X-cut crystal, calibrated a!
50 degrees centigrade and having a temperature coefficient o
—20 parts per million per degree, will oscillate at what fre-
quency when its temperature is 60 degrees centigrade?
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Ans. 599,880 cycles.

Ques. 4.108. Why are crystals usually operated in tem-
perature-controlled ovens?

Ans. Crystals are usually operated in temperature-con-
trolled ovens because they possess a temperature coefficient.
A change in temperature will produce a change in frequency.
A fixed value of temperature will hold the crystal at a precise
frequency.

Ques. 4.109. What is the device called which is used to
derive a standard frequency of 10 kilocycles from a standard-
frequency oscillator operating on 100 kilocycles?

Ans. The device is called a multivibrator.

Ques. 4.110. What procedure should be adopted if it is
found necessary to replace a tube in a heterodyne frequency
meter?

Ans. The frequency meter must be rechecked against a
standard calibrator for zero beats in accordance with the exact
frequeney calibrations. If a standard calibrator is not avail-
able, the plate currents and filament voltages of the replaced
tubes should be carefully checked as compared with the pre-
vious readings, and any necessary voltages and current changes
made so that the old and new readings correspond.

Ques. 4.111. If a frequency of 500 cycles is beat with a fre-
quency of 550 kilocycles, what will be the resultant frequencies?

Ans.  The resultant frequencies are fum, fo, fi, and fz, or 500
cycles, 530, 550.5, and 519.5 kilocycles, respectively.

Ques. 4.112. In what part of a broadcast-station system
are phase monitors sometimes found? What is the function
of this instrument?

Ans. TPhase monitors are sometimes found in transmission
systems where two or more directive transmission-line antennas

213



RADIO OPERATING QUESTIONS AND ANSWERS

are employed. This is generally known as the Adcock princi-
ple and operates through the use of two or more vertical radi-
ators excited from a common source but in such a manner that
the two vertical antennas receive voltages 180 degrees out of
phase with each other, so that the current flowing in each verti-
cal antenna is in an opposite direction to that of the other
antenna. This system is particularly applicable to cases in
which energy is to be transmitted in the vertical plane only.
The actual amount of phase departure between antennas may
be accurately determined by a meter or so-called ¢ phase moni-
tor”” which reads the actual angular variation in degrees. A
mutual-inductance bridge such as is sometimes used in line
amplifiers for determining the phase shift on an artificial line or
filter system may also be called a phase monitor although this
is more aptly called a phase-measuring device.

Ques. 4.113. If a broadcast station receives a frequency-
measurement report indicating that the station frequency was
45 cycles low at a certain time, and the transmitter log for the
same time shows the measured frequency to be 5 cycles high,
what is the error in the station-frequency monitor?

Ans. The error in the reading of the station frequency
meter is 50 cycles.

Ques. 4.114. If a heterodyne-frequency meter, having a
straight-line relation between frequency and dial reading, has
a dial reading of 31.7 for a frequency of 1,390 kilocycles, and
a dial reading of 44.56 for a frequency of 1,400 Kkilocycles,
what is the frequency of the ninth harmonic of the frequency
corresponding to a scale reading of 41.2?

Ans. The frequency of the ninth harmonic of the fre-
quency corresponding to a scale reading of 41.2 is 12,576 +
kilocycles.

Ques. 4.115. What is the reason why certain broadcast-
station frequency monitors must receive their energy from
an unmodulated stage of the transmitter?
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Ans. To insure that the frequency monitor shall not be
affected by side-band frequencies.

Ques. 4.116. In what part of a broadcast-station system
are limiting devices usually employed?

Ans. Limiting devices are used at the transmitter end of a
broadcast-station system in conjunction with the speech-input
equipment to the transmitter.

Ques. 4.117. What are the results of using an audio-peak
limiter?

Ans.  Audio-peak limiters prevent the modulation per-
centage of the transmitter from being exceeded. They are
adjusted so that any degree of modulation peaks may be
supplied to the transmitter and will not allow the percentage
of modulation to exceed the preadjusted value regardless of the
peak amplitude of the incoming audio-frequency wave.

Ques. 4.118. How is the load on a modulator, which
modulates the plate circuit of a class C radio-frequency stage,
determined?

Ans.  (See Ques. 4.83.)

Ques. 4.119. Given a class C amplifier with a plate
voltage of 1,000 volts and a plate current of 160 milliamperes
which is to be modulated by a class A amplifier with a plate
voltage of 2,000 volts, plate current of 200 milliamperes, and a
plate impedance of 15,000 ohms. What is the proper turns
ratio for the coupling transformer?

Ans. The calculation of the turns ratio for the coupling
transformer is based upon the assumption that a class A
amplifier for distortionless power output must work into a
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load impedance of twice the alternating-current plate resist-
ance R, Class A tube,

15,000 ohms = I2,. ~ 2R, = 30,000 ohms = Z,.
Class C tube,
Z, =5 = 2> = (,667 ohms.

- 7 BP0 o
Turns ratio = \[,—2 = \/6,670 = 2.12:1.

The turns ratio, therefore, is 2.12:1.

Hence,

Ques. 4.120. Indicate, by a simple diagram, a shunt-fed
plate in a radio-frequency amplifier.

Ans. TFigure 4-14 illustrates a simple shunt-fed plate radio-
frequency amplifier.

RFG

Tic. 4-14. Simple shunt-fed plate arrangement.

Ques. 4.121. 1ndicate, by a simple diagram, a series-fed
plate in a radio-frequency amplifier.
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Ans.  Figure 4-15 illustrates a simple series-fed plate radio-
frequency amplifier.

F1G. 4-15. Simple series-fed plate arrangement.

Ques. 4.122. With respect to the unmodulated values,
doubling the excitation voltage of a class B radio-frequency
amplifier will result in what increase in radio-frequency power
output?

Ans.  The radio-frequency power output will be increased
four times if the excitation voltage is doubled, assuming steady
carrier values.

Ques. 4.123. What may be the cause of a decrease in
antenna current during modulation in a class B amplifier?

Ans.  Downward deflection during modulation may be due
to the following causes: poor tube, low-filament voltage, exces-
sive value of load-impedance adjustment, open-filter condenser
in power supply, improper excitation, or overloading.

Ques. 4.124. 1In adjusting the plate-tank circuit of a radio-
frequency amplifier, should minimum or maximum plate cur-
rent indicate resonance?

Ans.  The direct-current plate milliammeter should show
a minimum reading at the critical resonant point.
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Ques. 4.126. What is the formula for determining the db
loss or gain in a circuit?

Ans.

Voltage gain or loss = 20 log;o f——,—l db.
2

Power gain or loss = 10 log, If;j db.

Ques. 4.126. What will occur if one tube is removed from
a push-pull class A audio-frequency stage?

Ans. The second harmonic content, which is normally
balanced out in a push-pull amplifier, will reappear. Distor-
tion will occur, and the output power will be reduced. The
hum component of the plate circuit will also be increased.

Ques. 4.127. What is the stage amplification obtained with
a single triode operating with the following constants: plate
voltage 260, plate current 20 milliamperes, plate impedance
5,000 ohms, load impedance 10,000 ohms, grid bias 5.4 volts,
amplification factor 24.

Ans.  The stage amplification will be 16.

Solution:

- o wZe 240,000 _
Voltage gain = B, + 7, 15,000 ~ 16.

Ques. 4.128. Under what circumstances is neutralization
of a triode radio-frequency amplifier not required?

Ans. Neutralization is not generally required in triode
radio-frequency amplifiers when they are used as frequency
doublers.

Ques. 4.129. Why is it necessary or advisable to remove
the plate voltage from the tube being neutralized?
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Ans. It is generally advisable to remove the plate voltage
when neutralizing a radio-frequency amplifier, since the pres-
ence of the high plate-current flow may cause self-oscillation
the moment power is applied. This may damage the tube
even before neutralizing adjustments are begun. More critical
adjustments of balance and less danger from shock make the
disconnection of high-voltage supply advisable.

Ques. 4.130. Under what conditions may a broadcast sta-
tion be operated at a reduced power other than specified in the
station license?

Ans.  The license of a broadcast station shall maintain the
operating power of the station within the prescribed limits of
the licensed power at all times, except that, in an emergency
when, owing to causes beyond the control of the licensee, it
becomes impossible to operate with the full licensed power, the
station may be operated at reduced power for a period of not
to exceed 10 days, provided that the Commission and the
inspector in charge shall be notified in writing immediately
after the emergency develops.

Ques. 4.131. When the transmitter of a regular broadcast
transmitter is operated at 86 per cent modulation, what is the
maximum permissible combined audio-harmonic output?

Ans.  When the transmitter is operated with 85 per cent
modulation, not over 10 per cent combined audio-frequency
harmonics shall be generated by the transmitter.

Ques. 4.132. How frequently must the auxiliary trans-
mitter of a regular broadcast station be tested?

Ans.  The auxiliary transmitter shall be tested at least once
each week to determine that it is in proper operating condition
and that it is adjusted to the proper frequency, except that in
case of operation in accordance with paragraph (c) of this sec-
tion during any week, the test in that week may be omitted
provided the operation under paragraph (c) is satisfactory.
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A record shall be kept of the time and result of cach test
operating under paragraph (c). Tests shall be conducted
between midnight and 9 A.M., local standard time. Para-
graph (c) reads as follows:

(¢) The auxiliary transmitter shall be maintained so that it
may be put into immediate operation at any time for the fol-
lowing purposes:

(1) The transmission of the regular programs upon the fail-
ure of the main transmitter.

(2) The transmission of regular programs during main-
tenance or modification work on the main transmitter,
necessitating discontinuance of its operation for a period not
to exceed five days.

(3) Upon request by a duly authorized representative of the
Commission.

Ques. 4.133. For what purpose is an auxiliary transmitter
maintained?

Ans.  An auxiliary transmitter is maintained for the fol-
lowing reasons:

1. For the transmission of the regular programs upon the
failure of the main transmitter.

2. For the transmission of regular programs during main-
tenance or modification work on the main transmitter, neces-
sitating discontinuance of its operation for a period not to
exceed five days.

Ques, 4.134. If the plate ammeter in the last stage of a
broadcast transmitter burned out, what should be done?

Ans. No instrument indicating the plate current or plate
voltage of the last radio stage, the antenna current, or the
transmission-line current shall be changed or replaced without
written authority of the Commission, except by instruments
of the same make, type, maximum scale reading, and accuracy.
Requests for authority to change an instrument may be made
by letter or telegram giving the manufacturer's name, type
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number, serial number, and full-scale reading of the proposed
instrument and the values of current or voltage the instrument
will be employed to indicate. Requests for temporary
authority to operate without an instrument or with a substi-
tute instrument may be made by letter or telegram stating the
necessity therefor and the period involved.

Ques. 4.135. The currents in the elements of a directive
broadcast antenna must be held to what percentage of their
licensed value?

Ans.  Five per cent.

Ques. 4.136. What are the permissible positive and nega-
tive tolerances of power of a standard broadcast station?

Ans. From 45 and —10 per cent.

Ques. 4.137. What is meant by “equipment tests” and
“service tests” where these are mentioned in the Rules and
Regulations of the Commission?

Ans. Upon completion of construction of a radio station in
exact accordance with the terms of the construction permit, the
technical provisions of the application therefor and the rules
and regulations governing the class of station concerned and
prior to filing of application for license, the permittee is author-
ized to test the equipment for a period not to exceed 10 days.
This test is referred to as the ‘““equipment test.”

When construction and equipment tests are completed in
exact accordance with the terms of the construction permit,
the technical provisions of the application therefor, and the
rules and regulations governing the class of station concerned,
and after an application for station license has been filed with
the Commission showing the transmitter to be in satisfactory
operating condition, the permittee is authorized to conduct
service or program tests in exact accordance with the terms of
the construction permit for a period not to exceed 30 days.
This trial of the equipment is referred to as a “service test.”
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Ques. 4.138. At broadcast stations using the direct method
of computing output power, at what point in the antenna sys-
tem must the antenna current be measured?

Ans. At the point of maximum current, which is as close
to the ground as possible.

Ques. 4.139. For what purpose may a regular broadcast
station, licensed to operate daytime or specified hours, operate
during the experimental period without specific authorization?

Ans. The term “experimental period”” means that period
of time between 12 midnight and 6 a.m.  This period may be
used for experimental purposes in testing and maintaining
apparatus by the licensee of any standard broadcast station,
on its assigned frequency and with its authorized power, pro-
vided no interference is caused to other stations maintaining a
regular operating schedule within such period. No station
licensed for “daytime’” or “specified hours” of operation may
broadcast any regular or scheduled program during this period.

Ques. 4.140. What is the allowable frequency deviation,
in percentage, for a broadcast station operating on 1,000
kilocycles?

Ans. The operating frequency of each broadcast station
shall be maintained within 50 cycles of the assigned frequency
until January 1, 1940, and thereafter the frequency of each
new station or each station where a new transmitter is installed
shall be maintained within 20 cycles of the assigned frequency,
and after January 1, 1942, the frequency of all stations shall
be maintained within 20 cycles of the assigned frequency.
Hence, the deviation for an old transmitter on 1,000 kilocycles
could be as high as 0.005 per cent. The deviation for a new
transmitter installed after January 1, 1940, must not exceed
0.002 per cent on 1,000 kilocycles. After January 1, 1942, all
broadcast transmitters will be required to limit any deviation
to within 20 cycles of the assigned frequency.
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Ques. 4.141. What is the last audio-frequency amplifier
stage which modulates the radio-frequency stage termed?

Ans. The last amplifier stage of the modulating wave which
modulates a radio-frequency stage is called the modulator
stage.

Ques. 4.142. How frequently must a remote-reading
ammeter be checked against a regular-antenna ammeter?

Ans. Calibration shall be checked against the regular meter
at least once a week.

Ques. 4.143. What factors enter into the determination of
power of a broadcast station which employs the indirect method
of measurement?

Ans. The operating power determined by indirect measure-
ment from the plate-input power of the last radio stage is the
product of the plate voltage (E;), the total plate current of
the last radio stage (I,), and the proper factor (F) as given by
the following formula:

Operating power = E, X I, X F.
The factor F varies from 0.25 to 0.80, depending on the type
of modulation used.
Ques. 4.144. What is the power that is actually transmitted
by a regular broadcast station termed?
Ans.  “Operating power’’ means the power that is actually

supplied to the radio station antenna.

Ques. 4.145. Are the antenna current, plate current, etc.,
as used in the Rules and Regulations of the Commission
modulated or unmodulated values?

Ans.  ‘‘Plate-input power’’ means the product of the direct-
plate voltage applied to the tubes in the last radio stage and
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the total direct current flowing to the plates of these tubes,
measured without modulation.

“Antenna current’’ means the radio-frequency current in the
antenna with no modulation.

Ques. 4.146. With reference to broadcast stations, what is
meant by the “experimental period”?

Ans. The term “experimental period” means that period
of time between 12 midnight and 6 A.M. This period may be
used for experimental purposes in testing and maintaining
apparatus by the licensee of any standard broadcasting station,
on its assigned frequency with its authorized power, provided
no interference is caused to any other stations maintaining a
regular operating schedule within such period. No station
licensed for “daytime” or “specified hours’ of operation may
broadcast any regular or scheduled program during this period.

Ques. 4.147. What percentage of modulation capability is
required of a broadcast station?

Ans. A licensee of a broadeast station will not be author-
ized to operate a transmitter unless it is capable of delivering
satisfactorily the authorized power with a modulation of at
least 85 per cent. When the transmitter is operated with 85
per cent modulation, not over 10 per cent combined audio-
frequency harmonics shall be generated by the transmitter.

Ques. 4.148. Define the “maximum-rated carrier power”
of a broadcast station transmitter.

Ans.  “Maximum-rated carrier power’ is the maximum
power at which the transmitter can be operated satisfactorily
and is determined by the design of the transmitter and the
type and number of vacuum tubes used in the last radio stage.

Ques. 4.149. Define the “plate-input power” of a broadcast
station transmitter.
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Ans.  “Plate-input power’’ means the product of the direct-
current plate voltage applied to the tubes in the last radio
stage and the total direct current flowing to the plates of these
tubes, measured without modulation. “Antenna current”
means the radio-frequency current in the antenna with no
modulation.

Ques. 4.150. Define “high-level” and “low-level” modu-
lation.

Ans.  “High-level” modulation is modulation produced in
the last radio stage of the system.

“Low-level” modulation is modulation produced in an
earlier radio stage than the final.

Ques. 4.151. What is the tolerance that is applied to the
antenna currents in the various elements of a directional
array?

Ans. Five per cent.

Ques. 4.1562. What is the frequency tolerance which must
be maintained at the present time by a standard broadcast
station?

Ans. The operating frequency of each broadecast station
shall be maintained within 50 cycles of the assigned frequency
until January 1, 1940, and thereafter the frequency of each
new station or each station where a new transmitter is installed
shall be maintained within 20 cycles of the assigned frequency,
and after January 1, 1942, the frequency of all stations shall be
maintained with 20 cycles of the assigned frequency.

Ques. 4.163. What is the frequency tolerance allowed an
INTERNATIONAL BROADCAST STATION?

Ans.  0.005 per cent.
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Ques. 4.164. What is the required full-scale accuracy
required in the ammeters and voltmeters associated with the
final radio stage of a broadcast transmitter?

Ans.  Accuracy shall be at least 2 per cent of the full-scale
reading.

Ques. 4.155. If a broadcast transmitter employs seven
tubes of a particular type, how many spare tubes of the same
type are required to be kept on hand in accordance with FCC
regulations?

Ans. Three, in accordance with the following schedule:

Number of Tubes Spares
of Each Type Employed Required
1or2 1
3tod 2
6to8 3
9 or more 4

Ques. 4.166. Describe the various methods by which a
broadcast station may compute its operating power, and
state the conditions under which each method may be
employed.

Ans. After July 1, 1940, all broadcast stations shall
employ the direct-measurement method of determining oper-
ating power. With this method, the antenna-input power
(operating power) is determined by multiplying the antenna
resistance by the square of the antenna current, both being
measured at the base of the antenna, the point of maximum
current.

In case of an emergency where the licensed antenna has
been damaged or destroyed by storm or other cause beyond
the control of the licensee, or pending completion of authorized
changes in the antenna system, the indirect measurement
method of determining operating power may be employed.
With this method, the plate-input power to the last radio stage
is taken as the operating power. (See Ques. 4.143.)
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Ques. 4.1567. What portion of the scale of an antenna
ammeter having a square-law scale is considered as having
acceptable accuracy for use at a broadcast station?

Ans. Noscale division above one-third full-scale reading (in
amperes) shall be greater than one-thirtieth of the full-scale
reading.

Ezample: An ammeter meeting standard requirements and
having a full-scale reading of 6 amperes is acceptable for
reading currents from 2 to 6 amperes provided no scale division
between 2 and 6 amperes is greater than 14, of 6 amperes,
0.2 ampere.

Ques. 4.168. Define: “Amplifier gain,” “percentage devia-
tion,” “stage amplification,” and “percentage of modulation.”
Explain how each is determined.

Ans.  “Amplifier gain” is the ratio of output to input signal
amplitude (voltage gain) or the ratio of output to input signal
power (power gain). This ratio may be expressed in decibels.

“Percentage deviation” is the percentage which a carrier
frequency varies from its stable frequency value.

“Stage amplification’” is the ratio of the output to input
voltage or power of a single amplifier tube with its associated
input- and output-coupling system. This ratio is also
expressed in decibels gain.

“Percentage of modulation” is the term applied when
the modulation factor is expressed as a percentage, and is the
ratio of the maximum departure, positive or negative, of the
envelope of a modulated wave from its unmodulated value.
(L.R.E. Standards definition, 1938.)

Ques. 4.169. Define ‘‘auxiliary broadcast transmitter’’ and
state the conditions under which it may be used.

Ans. ‘“Auxiliary transmitter’’ means a transmitter main-
tained only for transmitting the regular programs of a station
in case of failure of or work on the main transmitter.
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Ques. 4.160. What is the purpose of using a frequency
standard or service independent of the transmitter-frequency
monitor or control?

Ans. To assure that the transmitter is on the assigned fre-
quency and within tolerance limits. It also permits a check
upon the station monitor.,

Ques. 4.161. Discuss the characteristics of a modulated
class C amplifier.,

Ans.  The class C amplifier has very high efficiency. It is
generally operated in the vicinity of 60 per eent efficiency for
modulated stages. It operates with a grid-bias adjustment of
approximately twice the cut-off value and a tank circuit imped-
ance of three or four times the tube impedance. These
adjustments permit a fairly linear adjustment between the
tank current and plate voltage. The continuous power output
with 100 per cent modulation is 1.5 times the power at zero
modulation. It undergoes a power variation of from 0 to 4
times the carrier power under 100 per cent modulation.

Ques. 4.162. What is the purpose of neutralizing a radio-
frequency amplifier stage?

Ans.  To prevent the amplifier from going into self-oscilla-
tion and to avoid serious overloading.

Ques. 4.163. When the authorized nighttime power of a
standard broadcast station is different from the daytime
power and the operating power is determined by the “indi-
rect” method, which of the efficiency factors established by
FCC rules is used?

Ans. Use the efficiency factor given for the maximum
licensed power of the station.

Ques. 4.164. Describe the technique used in frequency
measurements employing a 100-kilocycle oscillator, a 10-kilo-
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cycle multivibrator, a heterodyne-frequency meter of known
accuracy, a suitable receiver, and standard-frequency
transmission.

Ans. The principle involved in all primary-frequency
standards is based upon the zero beat method. In the
primary method, employing a 100-kilocycle oscillator of
stabilized frequency, is a series of multivibrators that operates
a clock in synchronism with the oscillator frequency. Now,
if a secondary-frequency measuring system employing a
heterodyne-frequency meter is adjusted to zero beat with a
receiver tuned to a standard-frequency transmission station,
these frequencies may be intercoupled for any degree of
calibration desired. In this manner primary- and secondary-
frequency standards may readily be obtained.

Ques. 4.165. What is the power specified in the instrument
of authorization for a standard broadcast station called?

Ans.  “Authorized power” or ‘‘licensed power.”

Ques. 4.166. What is the effect of 10,000-cycle modulation
of a standard broadcast station on adjacent channel reception?

Ans.  This will cause strong interference, since it produces a
sideband at thefrequency of the carrier of the adjacent channel.

Ques. 4.167. What system of connections for a three-
phase, three-transformer bank will provide maximum sec-
ondary voltage?

Ans. The delta-Y connection, where the primary is con-
nected in delta and the secondary in “Y” as illustrated in
Fig. 4-1.

Ques. 4.168. Draw a diagram and describe the electrical
characteristics of an electron-coupled oscillator circuit.
Ans. Figure 2-8 illustrates a simple electron-coupled
oscillator. The cathode, grid, and screen grid operate as a
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Hartley triode oscillator. The circuit is very little affected
by variations in plate-circuit impedance, since the current in a
tetrode ‘or pentode is nearly independent of plate voltage.
Power, however, is delivered from the oscillator circuit to the
plate circuit by the flow of electrons to the plate. The fre-
quency stablility of the oscillator is very good.

Ques. 4.169. In frequency measurements using the
heterodyne ‘“zero beat” method, what is the best ratio of
signal e.m.f. to calibrated heterodyne oscillator e.m.f.?

Ans.  An approximate 1:1 ratio is desirable in order that
the resultant beat note shall be strong compared with the
weaker beat notes also present.

Ques. 4.170. What is meant by the “Q” of a radio-fre-
quency inductance coil?

Ans. The Q of a coil is an expression of the “figure of
merit’’ of any coil carrying an alternating current. It defines
the degree of selectivity or sharpness of tuning in a circuit
containing an inductance. The Q of a coil is determined by

the ratio % where X, is the reactance to an alternating

current expressed in ohms. R is the combined direct-current
and radio-frequency resistance of the coil.

Ques. 4.171. What effect does a loading resistance have
on a tuned radio-frequency circuit?

Ans. A loading resistance reduces the effective Q of a
tuned radio-frequency circuit. This results in increased
damping of the oscillatory circuit. The circuit thus tunes

less sharply, resulting in a broadened frequency response or
wider band width.

Ques. 4.172. What is meant by the “time constant” of a
resistance-capacity circuit?
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Ans.  The “time constant” of a resistance-capacity circuit
is the time in seconds required for the capacity to reach 63.2
per cent of its full charge after a voltage is applied, or for the
capacity to discharge through the resistor to 36.8 per cent of
its charged value when the circuit is short-circuited. This
time constant is found by multiplying the resistance in ohms
by the capacity in farads (T = RC).

Ques. 4.173. A potential of 110 volts is applied to a series
circuit containing an inductive reactance of 25 ohms, a capaci-
tive reactance of 10 ohms, and a resistance of 15 ohms.
What is the phase relationship between the applied voltage
and the current flowing in this circuit?

Ans.  The phase relationship or phase angle is 45 degrees.

X _X.—Xe_ 25-10 _
tan0-—§—— R = 15 =1,

Therefore,
0 = 45 degrees.

Ques. 4.174. What does the term “power factor” mean in
reference to electric circuits?

Ans. “Power factor” is a numerical expression ranging

between zero and unity and denotes the ratio of the true power
consumed in an alternating-current circuit divided by the
product of the voltage and the current in the circuit.

watts

Power factor = cos § = EXT

Ques. 4.176. What is the predominant ripple frequency
in the output of a single-phase full-wave rectifier when the
primary source of power is 110 volts at 60 cycles?

Ans. 120 cycles.
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Ques. 4.176, When mercury-vapor tubes are connected ir
parallel in a rectifier system, why are small resistors some-
times placed in series with the plate leads of the tubes?

Ans. To prevent parasitic oscillations and balance ioniza-
tion when tubes are connected in parallel. Small resistors are
sometimes connected in series with plate leads to limit the
instantaneous heavy surge currents that take place when the
circuit is first closed. Without resistors, one tube may ionize
first, thus lowering the voltage across the tubes in parallel to g
point where it will be impossible to obtain ionization in the
other tube. Resistors keep the total voltage drop higt
enough so that the slower tube will ionize.

Ques. 4.177. A rectifier-filter power supply is designed tc
furnish 500 volts at 60 milliamperes to one circuit and 40(
volts at 40 milliamperes to another circuit. The bleeder cur-
rent in the voltage divider is to be 15 milliamperes. Whai
value of resistance should be placed between the 500- and
400-volt taps of the voltage divider?

Ans. 1,819 ohms. A voltage drop of 100 volts at 55 milli-
amperes is required between the 500- and 400-volt taps.
Thus,

R=== '—5 = 1,819 ohms.

Ques. 4.178. What is the approximate speed of a 220-volt,
60-cycle, 4-pole, 3-phase induction motor?

Ans. Approximately 1,800 r.p.m. The running speed of
an induction motor is always slightly less than the synchronous
speed due to the ratio of the difference between the synchro-
nous and the rotor speeds to the synchronous speed. This
ratio is called the “slip’’ and is generally expressed in per cent.
In commercial practice the slip usually ranges between 2 and
3 per cent.

Assuming a slip of 0.025 or 2.5 per cent, the actual speed
of the induction motor may be found as follows:
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120 X f _ 120 X 60

Synchronous speed = \ 1

= 1,800 r.p.m.,

where f = frequency in cycles per second.
N = number of field poles.
Actual speed = synchronous speed X (1 — 8),
_120Xf 0 _120X60
=5 (1= 8) = === — 0.025)
= EO—;(—"O X 0.975 = 1,755 r.p.m.,

where S = slip.

Ques. 4.179. Draw a diagram of a shunt-wound direct-cur-
rent motor.

Ans. See Fig. 6-8.

Ques. 4.180. Draw a diagram of a voltage-doubling power
supply using two half-wave rectifiers.

Ans. Figure 4-16 illustrates a voltage-doubling power-
supply system employing two half-wave rectifiers.

:>_0.C.
‘:gw‘pu#

AC

1npy -L

20— 3
. +
, T
Fi6. 4-16,
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Ques. 4.181. Why is degenerative feedback sometimes
used in an audio amplifier?

Ans. Degencrative feedback is sometimes employed in an
audio-frequency amplifier to improve the frequency response
of the amplifier and reduce the over-all amplifier distortion.

Ques. 4.182. What determines the fundamental operating
frequency range of a multivibrator oscillator?

Ans. The fundamental operating frequency is determined
by the resistance and capacitor values of the grid leak and grid
condenser of each tube.

f= b cycles per second

R\Ci 4+ RCo - :

Ques. 4.183. Draw a diagram of an audio amplifier with
inverse feedback.

Ans.  Figure 4-17 illustrates a method of applying inverse
feedback to an audio-frequency amplifier tube.

C R,
)

,:;Ell\%

Ry Ry=Ffeedback control resistors
C = Blocking conderser

Fi.. 4-17,

Ques. 4.184. What is the meaning of ‘“mutual conduct-
ance” and ‘‘amplification factor” in reference to vacuum
tubes?

Ans. “Mutual conductance,” ¢, is defined as the ratio of
a change in plate current to a change in grid voltage that will
produce that plate-current change (plate voltage held con-
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stant). The practical unit of mutual conductance is the
micromho = 10—% mho.

I b
Im = —LXE,CI—O micromhos  (E, = constant),
where I, is in milliamperes.
Amplification factor, Mu or u, is defined as the ratio of a
change in plate voltage to a change in grid voltage in the
opposite direction that will maintain the plate current constant.

E
g = Fi (I constant).

Ques. 4.185. What is the purpose of a screen grid in a
vacuum tube?

Ans. The screen grid in a vacuum tube serves as an electro-
static shield between the grid and the plate elements of the
tube. This reduces the internal capacity of the tube between
these two elements. (See also Ques. 2.118.)

Ques. 4.186. What is meant by secondary emission in a
vacuum tube?

Ans. Secondary emission of electrons in a vacuum tube is
that phenomenon which takes place when the electrons emitted
from the hot cathode or filament strike the plate during the
normal plate current flow. These primary electrons striking
the plate at high velocity release electrons from the plate, and
it is this effect which is called ‘“‘secondary’ emission.

Ques. 4.187. Why are grounded-grid amplifiers sometimes
used at very high frequencies?

Ans. The grounded-grid amplifier using a triode-type
vacuum tube is sometimes used at very high and ultra-high
frequencies (VHTE, UHF) because of its excellent stability.
The low feedback capacity between the plate and the cathode
due to the grounded grid prevents sclf-oscillation at these fre-
quencies and therefore makes neutralization unnecessary.
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Ques. 4.188. What material is used in shields to prevent

stray magnetic fields in the vicinity of radio-frequency circuits?
Tin, copper, and aluminum are the most commonly

used materials.

No.

amplifier?

and must, therefore, be tuned so that its resonant frequency is

Ans.
Ques. 4.189. For maximum stability, should the tuned cir-
cuit of a crystal oscillator be tuned to exact crystal frequency?
The plate-circuit load is generally inductive

The output power under

Ans.
slightly higher than that of the erystal.
Ques. 4.190. What is the principal advantage of a class C
The class C amplifier may
For practical pur-

High plate efficiency.
develop an efficiency of nearly 100 per cent if the current dura-

Ans.
tion is limited to a very small value.

these conditions, however, is very small.
poses, the efficiency of class C amplifiers generally ranges
(See Ques. 4.161.)

Draw a diagram of a grounded-grid amplifier.

RF By-pass plate
blocking condenser

4 RF
™ output

between 50 and 80 per cent.
Figure 4-18 illustrates a circuit arrangement of a

Ques. 4.191.

Ans.

typical grounded-grid amplifier.
K

6 2
e
]

|

RF -
mput % ,,t{
= + =
Egp
Fic. 4-18,
236



ADVANCED RADIOTELEPHONY Element 4

Ques. 4.192. A current-squared meter has a scale divided
into 50 equal divisions. When 45 milliamperes flow through
the meter, the deflection is 45 divisions. What is the current
flowing through the meter when the scale deflection is 25
divisions?

Ans. 25 milliamperes. This is based upon the assumption
that the scale divisions are equally divided and that the
sensitivity of the meter is proportional throughout the scale.
However, since deflection is proportional to the square of the
current flowing through the meter with an equally divided
scale, the ratio of two deflections is equal to the ratio of the
square of the currents producing these deflections, thus,

Dy _ 1 25 _1¢ ., 25X45
D, I, 45 45¥ S T S
1, = V25 X 15 = \/1,125 = 33.5 milliamperes.

Ques. 4.193. What is the ohms per volt of a voltmeter con-
structed of a 0-1 direct-current milliammeter and a suitable
resistor that makes the full-scale reading of the meter 500
volts?

Ans. 1,000 ohms per volt. A total resistance of 500,000
ohms in series with the source potential and including the
milliammeter resistance will pass 1 milliampere at 500 volts.

b (
Thus, )-ng%)() = 1,000 ohms per volt.

Ques. 4.194. What is the power output of an audio ampli-
fier if the voltage across the load resistance of 500 ohms is 40
volts?

Ans. 3.2 watts.

P===_ = 3—' = 3.2 watts.
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Ques. 4.196. What type of meter is suitable for measuring
peak alternating-current voltage?

Ans. Any standard type of alternating-current voltmeter
is suitable for measuring peak sine-wave alternating-current
voltage, provided the meter reading is multiplied by L.414,
which is the conversion factor from effective to peak voltage.
Vacuum-tube voltmeters may also be used. The peak reading
types will read peak voltages directly on their scales.

Ques. 4.186. What type of meter is suitable for measuring
the automatic-volume-control voltage in a standard broadcast
receiver?

Ans. Any standard type of direct-current voltmeter that
has an internal resistance of at least 20,000 ohms per volt.

Ques. 4.197. What type of meter is suitable for measuring
radio-frequency currents?

Ans. A thermocouple or hot-wire type of radio-frequency
ammeter.

Ques. 4.198. What type of voltmeter absorbs no power
from the circuit under test?

Ans. Certain types of vacuum-tube voltmeters, notably
the plate detection type. Although the diode-type vacuum-
tube voltmeter absorbs some power from the circuit under
test, this power is generally small compared with that taken
by a standard-type voltmeter.

Ques. 4.199. What type of voltmeter is appropriate to
measure peak alternating-current voltages?

Ans. The electronic or vacuum-tube type of voltmeter
(VTVM). A direct reading of alternating-current peak
voltages may be accurately obtained by the use of a calibrated
scale on a cathode-ray oscilloscope.
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Ques. 4.200. If the spacing of the conductors in a two-wire
radio-frequency transmission line is doubled, what change
takes place in the surge impedance of the line?

Ans. The characteristic or surge impedance Z, of the twc-
wire transmission line will be increased.

Zo = 276 IOg‘m 2d27

where Z; = surge impedance.
D = separation of the conductors from center to center.
d = diameter of the conductors.
Let us assume a two-wire transmission line in which the
separation D is 5 inches and the diameter d is 1 inch.

2D 2D 10
Zo = 276 10g10 7, log —d- =) T =

Zy = 276 X 1.0 = 276 ohms.

1.0

Doubling the spacing of the two conductors yields,

Zy = 276 logyo ?(—1]2; log 2(—5) = 2T0 = 1,301

Zo = 276 X 1.301 = 359 ohms.

Ques. 4.201. If the conductors in a two-wire radio-fre-
quency transmission line are replaced by larger conductors,
how is the surge impedance affected, assuming no change in
the center-to-center spacing of the conductor?

Ans. Increasing the diameter of the conductors will
decrease the surge impedance.
Ezxample (refer to example of Ques. 4.200):

Zo = 276 IOglo ?alz'
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When D = 10 inches and d =1 inch, Z; = 350 ohms.
Increasing d to 2 inches, we obtain

Zo = 276 logy 294; log 204 = 1.0
Zo = 276 X 1.0 = 276 ohms.

Ques. 4.202. Why is an inert gas sometimes placed within
concentric radio-frequency transmission cables?

Ans. An inert nitrogen gas is sometimes placed within
concentrie radio-frequency transmission lines to prevent the
entraunce of moisture into the inner conductor area. This
reduces dieleetric losses, insulation breakdown, and arcing.

Ques. 4.203. What is the direction of maximum radiation
from two vertical antennas spaced 180 degrees and having
equal currents in phase?

Ans. Two vertical antennas spaced one-half wavelength
(180 degrees) apart and having equal currents in phase will
produce a bidirectional field pattern. The radiation will lie
in a place perpendicular to the array.

Ques. 4.204. Explain the properties of a quarter-wave sec-
tion of a radio-frequency transmission line.

Ans. A quarter-wave section of a radio-frequency trans-
mission line has the property of “inverting’” the load as viewed
from the input or source. This inverting property of a
quarter-wave section can be used to match one impedance to
another impedance of different value. For example, a 300-
ohm line of any length can be matcehed to a terminating imped-
ance of 72 ohms by the insertion of a quarter-wave transformer
or matching section (also called “Q" section or “Q” bar) as
illustrated in Fig. 3-22.

Zo = \/ ZSZ 1:,
where Zo = characteristic impedance of the quarter-wave
matching section.
Zs = 300-ohm line impedance.
Z., = 72-ohm terminating impedance.
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Thus,

Zy = 300 X 72 = V21,600
= 147 ohms.

A quarter-wave line, with one end open-circuited and the other
end connected across a source of e.m.f., appears as a series-
resonant circuit and presents a low impedance to the source
e.m.f. at the resonant frequency of the line. A quarter-wave
line with one end short-circuited appears as a parallel-resonant
circuit and presents a high impedance to the source e.m.f. at
the resonant frequency of the line.

Ques. 4.205. How does the field strength of a standard
broadcast station vary with distance from the antenna?

Ans.  The field strength of the waves radiated from a stand-
ard broadcast transmitting antenna is inversely proportional

. . 1 .
to the distance from the antenna or approximately d and is

based on the assumption that there is zero ground-wave
attenuation.

Maximum radiation from broadeast antennas takes place at
or near the ground and travels directly to the receiving antenna
also located near the ground, namely, at a height very low
compared with a full wavelength at broadcast frequencies.
Under these conditions, the field intensity at any point is
directly proportional to the antenna current and inversely
proportional to the distance from the transmitter.

Ques. 4.206. What pattern on a cathode-ray oscilloscope
indicates overmodulation of a standard broadcast station?

Ans. The trapezoidal pattern for complete modulation
illustrated in Fig. 4-5 will show a sharp increase in the slope
of its sides and height during overmodulation.

Ques. 4.207. What is the Doherty amplifier?

Ans. The Doherty amplifier is a high-efficiency linear
radio-frequency amplifier circuit designed to give increased
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output efficiency as compared with the conventional class B
and class C types. Average all-day working efficiency of the
Doherty system is approximately 63 per cent at 100 per cent
modulation as compared with 3314 per cent for conventional
types.

The Doherty high-efficiency circuit uses a new principle in
which the normal or carrier power is delivered at high-radio-
frequency voltage and hence high efficiency by one tube alone,
and the additional voltage required for modulation peaks is
supplied by a second tube.

Ques. 4.208. Why do some standard broadcast stations
use top-loaded antennas?

Ans. The most important factors are
Improvement in the horizontal radiation pattern.
Increased antenna terminal resistance.

Lower capacitive reactance of the antenna.
Increased antenna radiation resistance.
Improved radiation efficiency.

6. Fconomy made possible through reduction in physical
height.

Top loading in a vertical radiating system is generally in the
form of uniformly spaced umbrella wires connected at the
ends with a wire hoop and placed at the top of the vertical
antenna tower.

S > 59O

Ques. 4.209. How may a standard broadcast antenna
ammeter be protected from lightning?

Ans. A standard broadcast antenna ammeter should be
protected from lightning by connecting a shorting switch
across the terminals of the meter. The meter case must be
shielded and properly grounded. (See also Ques. 5.101.)

Ques. 4.210. What is the ratio of unmodulated carrier
power to instantaneous peak power, at 100 per cent modula-
tion at a standard broadcast station?
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Ans.  Four times the instantaneous peak power or eight times
the effective power of the carrier.

Ques. 4.211. What effect do broken ground conductors
have on a standard broadcast antenna?

Ans. Broken ground conductors decrease the total earth
currents and may seriously reduce the antenna-radiated field
intensity. An efficient ground system for practically all types
of vertical antennas is generally one consisting of approxi-
mately 120 buried radial wires, each one-half wavelength
long, placed directly under the antennas, Thus, a break in
any of these ground wires will affect the field pattern and the
ground resistance.,

Ques. 4.212. What may cause unsymmetrical modulation
of a standard broadcast transmitter?

Ans.  Assuming proper E,, E. and E, relations, unsym-
metrical modulation of a carrier envelope may be due to one
or more of the following causes:

1. Improper tube balance in the modulator or modulating
amplifier.

2. Improper circuit balance in the grid or plate circuit of the
modulating amplifier.

3. Improper linearity due to insufficient plate-load im-
sedance.

4. Poor power-supply regulation.

5. Amplitude and phase distortion during modulation due to
mproper tuning of amplifier resonant circuits to the excitation
:arrier frequency.

6. Insufficient grid excitation due to low grid drive to the
lass C modulated amplifier stage.

Ques. 4.213. If the two towers of a 9560-kilocycle direc-
ional antenna are separated by 120 electrical degrees, what is
he tower separation in feet?
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Ans.  The tower separation is approximately 345.25 feet.

Solution:
950 ke. per sec. = 315.79 meters (N).
A
° _  —
120° = 3

A separation of one-third wavelength between towers at 95(
kiloeveles is

14 X 315.79 = 105.26 meters.
1 meter = 3.28 feet.
105.26 X 3.28 = 345.25 feet, the spacing between towers.

Ques. 4.214. Draw a diagram showing how automatic
volume control is accomplished in a standard broadcas
receiver,

Ans.  Figure 4-19 illustrates a typical automatic-volume
control (AVC) system used in modern broadcast receivers.

IF %
mput

To grid .
returns of AVC Bias o arid
controlled Vv i e Sy
RF stages amplifier
BASIC AVC SYSTEM
IF
input
7o grid
refurns of. - L
controlled 1 by
RFstages T Bivs

= (min -3volfs)
DELAYED AVC SYSTEM (DAVC)
Fig. 4-19.
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Ques. 4.216. What is the required full-scale accuracy of
the plate ammeter and plate voltmeter of the final radio stage
of a standard broadcast transmitter?

Ans. A full-scale accuracy of 2 per cent is required.

Ques. 4.216. What is the maximum carrier shift permls—
sible at a standard broadcast station?

Ans.  Five per cent.

Ques. 4.217. In accordance with the Commission’s stand-
ards of good engineering practice, what determines the
maximum permissible full-scale reading of indicating instru-
ments required in the last radio stage of a standard broadcast
transmitter?

Ans. The Commission’s standards relating to maximum
permissible full-scale reading of indicating instruments are as
follows:

1. Length of the scale shall not be less than 234 inches.

2. Accuracy shall be at least 2 per cent of the full-scale
reading.

3. The scale shall have at least 40 divisions.

4. Full-scale reading shall not be greater than five times the
minimum normal indication.

5. Maximum rating to be such that the meter does not read
off scale during modulation.

Ques. 4.218. When an X- or a Y-cut crystal is employed
in the automatic-frequency-control equipment at a standard
broadcast station, what is the maximum permitted tem-
perature variation at the crystal from the normal operating
temperature?

Ans. A temperature variation not to exceed +0.1 degree
centigrade at the mid-band broadecast frequency of 1,000 kilo-
cveles. This variation will maintain the assigned carrier
frequency to within the required 20-cycle deviation.
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The normal oven temperature in modern broadcast trans-
mitters is generally maintained between 60 and 70 degrees
centigrade depending upon the type of crystal cut used and the
specific operating frequency.

Ques. 4.219. What is the purpose of a discriminator in a
frequency-modulation broadcast receiver?

Ans.  The discriminator or demodulator in a frequency-
modulation receiver is a circuit designed to convert the fre-
quency-modulated radio-frequency responses into amplitude
variations at audio frequency. It is in reality the signal
detector of a frequency-modulation type of receiver.

Ques. 4.220. Explain why high-gain antennas are used at
frequency-modulation broadcast stations.

Ans. The transmission of frequency-modulated signals in
the ultra-high-frequency  spectrum requires specially con-
structed high-gain antennas to produce a radiation pattern
that has circular symmetry in the horizontal plane and also to
concentrate the signal strength toward the horizon.

Frequencies above 50 megacyeles follow the line-of-sight
characteristics which, in general, restrict their effectiveness to
a limited area. The antenna design, therefore, must be such
as to distribute a maximum signal intensity over the useful
area in which the relatively smaller receiving antennas are
located.

High-gain antennas provide more efficient utilization of
power.

Ques. 4.221. What is the frequency swing of a frequency-
modulation broadcast transmitter when modulated 60 per
cent?

Ans. Plus or minus 45 kiloeyeles. For frequency-modu-
lated broadcast stations, a frequency swing of +75 kilocycles
is defined as 100 per cent modulation. Hence a 60 per cent
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modulated frequency-modulation signal will produce a fre-
quency swing of 0.6 X 75 kilocycles, or +45 kilocycles.

Ques. 4.222, A frequency-modulation broadcast trans-
mitter is modulated 50 per cent by a 7,000-cycle test tone.
When the frequency of the test tone is changed to 5,000 cycles
and the percentage of modulation is unchanged, what is the
transmitter frequency swing?

Ans. Plus or minus 37.5 kilocyveles. Since the carrier-
frequency swing is independent of the modulating frequency,
the frequency swing for 50 per cent modulation will be +75
kiloeyeles X 0.5 = +37.5 kilocycles.

Ques. 4.223. What is a common method of obtaining fre-
quency modulation in a frequency-modulation broadcast
transmitter?

Ans. There are two common methods of obtaining fre-
quency modulation in a frequency-modulation transmitter:
(1) the Armstrong phase-shift system using balanced modu-
lators and (2) the reactance-tube method. A third system
recently developed by the General Electrie C'o. uses a specially
designed type of modulator tube called the ¢ phasitron.”

Ques. 4.224. What is meant by “preemphasis” in a fre-
quency-modulation broadcast transmitter?

Ans. This term is applied to the preamplification of audio
frequencies above approximately 2,000 cyeles. A special pre-
emphasis eircuit is placed in the transmitter audio-frequency
channel to reduce the noise effects at the higher audio fre-
quencies. The preemphasis circuit effectively accentuates
the higher range of audio frequencies and thereby decreases
the over-all transmitted noise-to-signal ratio.

Ques. 4.225. What is the purpose of a deemphasis circuit
in a frequency-modulation broadcast receiver?
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Ans. The deemphasis circuit in a frequency-modulation
receiver acts as a restorative agent to reduce the amplitude
of signals above approximately 2,000 cyeles. The combined
action of preemphasis at the transmitter and deemphasis at
the receiver restores the over-all response of the received
energy with a resultant deerease in noise level.

Ques. 4.226. A frequency-modulation broadcast trans-
mitter operating on 98.1 megacycles has a reactance-tube
modulated oscillator operating on a frequency of 4,905 kilo-
cycles. What is the oscillator frequency swing when the
transmitter is modulated 100 per cent by a 2,500-cycle tone?

Ans. Plus or minus 3.75 kilocycles.
Solution: For 100 per cent modulation the carrier frequency
varies from

98.1 — 0.075 megacycles to 98.1 4+ 0.075 megacycles
= 08.025 to 98.175 megacycles.
f (carrier)
f (oscillator)
98.1
1.905

= frequency multiplication.

20.

The oscillator frequency swing will be +754¢ = +3.75
kiloeycles.

Ques. 4.227. What characteristic of an audio tone deter-
mines the percentage of modulation of a frequency-modula-
tion broadcast transmitter?

Ans.  The amplitude of an audio tone determines the per-
centage of modulation in frequency-modulation broadcast
transmitter.

Ques. 4.228. What determines the rate of frequency
swing of a frequency-modulation broadcast transmitter?
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-Ans. The rate of frequency swing in a frequency-modula-
tion transmitter is determined by the audio frequency applied
to the modulating amplifier stage.

Ques. 4.229. How wide a frequency band must the inter-
mediate-frequency amplifier of a frequency-modulation broad-
cast receiver pass?

Ans. A band width of 200 kilocycles. The ideal require-
ment is a maximum over-all flat frequency response of 100
kilocycles above and 100 kilocycles below the frequency-
modulation carrier or center frequency.

Ques. 4.230. A frequency-modulation broadcast trans-
mitter is modulated 40 per cent by a 5,000-cycle test tone.
When the percentage of modulation is doubled, what is the
frequency swing of the transmitter?

Ans. Plus or minus 60 kilocycles. Doubling the modula-
tion percentage from 40 per cent results in 80 per cent modula-
tion. Since +75 kilocycle swing represents 100 per cent
modulation, the swing at 80 per cent modulation is

+75 X 0.8 = 60 kilocycles.

Ques. 4.231. If a frequency-modulation transmitter em-
ploys one doubler, one tripler, and one quadrupler, what is the
carrier frequency swing when the oscillator frequency swing is
2 kilocycles?

Ans. A frequency swing of 48 kiloeycles.
2 X 2 X3 X 4 = 48 kilocycles.

Ques. 4.232. What is the purpose of a “reactance tube”
in a frequency-modulation broadcast transmitter?

Ans. A reactance tube is commonly used as a modulator
in frequency-modulation systems. Its basic function is to
vary the frequency-modulation oscillator frequency in accord-
ance with the applied audio-frequency tone voltage.
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Ques. 4.233. At 100 per cent modulation, what is the ratio
of unmodulated power output to modulated power output of a
frequency-modulation broadcast station?

Ans. A ratio of 1:1. In frequency or phase modulation
the peak amplitude of the composite signal remains practically
constant during the process of modulation, The audio tone
frequency is imparted to the carrier by a variation of the
phase as a function of time.

Ques. 4.234, What is a ratio detector?

Ans.  Figure 4-20 illustrates two typical detector circuits
used in frequency-modulation and television receiver: (a)
Lirniter

stage Discrimmnator
aketector stage

70 grial of
AF amplifier

RFC
DISCRIMINATOR FM DETECTOR

7o grid of
¢ AFamplifier

RATIO FM DETECTOR
Frc. 4-20.

the discriminator type and (b) the ratio type of detector. In
the ratio type of detector, two intermediate-frequency volt-
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ages are applied to the diodes, and the sum of the rectificed
voltage is held constant. The resultant difference in voltage
developed across the output load then constitutes the audio-
frequency signal. The name “ratio detector” is derived from
the fact that this circuit divides the rectified intermediate-
frequency stage voltages into two components in such a man-
ner that the ratio of the rectified voltages is proportional to
the ratio of the applied intermediate-frequency voltages.

E1 - Evg.

Audio-frequency output = 5

Ques. 4.235. How does the amount of audio power re-
quired to modulate a 1,000-watt frequency-modulation trans-
mitter compare with the amount of audio power required to
modulate a 1,000-watt standard broadcast transmitter to the
same percentage of modulation?

Ans.  The audio-frequency power requirements in a fre-
quency-modulation transmitter are small as compared with
those in amplitude-modulation systems. This is due to the
fact that the modulator tubes serve merely as a device to vary
the frequency of the oscillator in step with the audio frequency
or tone voltage.

Ques. 4.236. What is the purpose of a limiter stage in a
frequency-modulation broadcast receiver?

Ans.  The limiter stage in a frequency-modulation receiver
precedes the discriminator and is used to ensure that all
variations in the carrier amplitude due to noise and inter-
ference are removed and that a carrier of constant amplitude
is maintained.

Ques. 4.237. If the transmission line current of a fre-
quency-modulation broadcast transmitter is 8.5 amperes
without modulation, what is the transmission line current
when the percentage of modulation is 90 per cent?
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Ans. 85 amperes. The transmission line current wil
remain constant during the process of modulation.

Ques. 4.238. A frequency-modulation broadcast trans-
mitter has 370 watts plate-power input to the last radio-fre-
quency stage and an antenna field gain of 1.3. The efficiency
of the last radio-frequency stage is 656 per cent, and the
efficiency of the antenna transmission line is 76 per cent.
What is the effective radiated power?

Ans.  The effective radiated power is approximately 30-4.83
watts.

Solution:
Effective radiated power = output power — losses
X antenna field gain
squared.
Power output (operating power) = power input X efficiency
= 370 X 0.65

= 240.5 watts.

A transmission-line loss of 25 per cent decreases the power
reaching the antenna (0.125 watts or a total of

240.5 — 60.125 = 180.375 watts.

An antenna gain of 1.3 will raise the effective radiated powel
to 1.3%2 X 180.375, or 304.8337 watts.

Ques. 4.239. Draw a diagram of a frequency-modulation
broadcast receiver-detector circuit.

Ans.  Figure 4-20 illustrates two typical frequency-modu-
lation broadecast receiver-detector circuits.

Ques. 4.240. Draw a diagram of a means of modulation of
a frequency-modulation broadcast station.
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Ans.  Figure 4-21 illustrates the commonly used reactance
tube modulation in frequency-modulation transmitters.

R FOscillator

RFC

Reactarce __|_
moadlulator T

AF
input

Ques. 4.241. Draw a diagram of a limiter stage in a fre-
quency-modulation broadcast receiver.

Fra. 4-21,

—~ o,
L L/

Ans.  Figure 4-22 shows a typical limiter stage used in
frequency-modulation receivers.

Lirnirter stage

I—»
_'gdd‘ 4

criminator
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Ques. 4.242. How is the operating power of a frequency-
modulation broadcast station determined?

Ans. * The operating power of frequency-modulation broad-
cast stations shall be determined by the indireet method.
This is the product of the plate voltage (£,) and the plate cur-
rent (/,) of the final radio-frequency stage, and the efficiency.
The efficiency is defined by the FCC as a factor F, which shall
be established by the specific transmitter manufacturer.

Operating power = E, X I, X F.
The F factor is generally in the vicinity of 65 per cent.
Ques. 4.243. If a frequency-modulation broadcast station
used a total of five tubes of a given type at the transmitter,

what is the minimum number of spare tubes of this type
required at the transmitter?

Ans. A minimum of two will be required. The spare tube
requirements specified by the FCC are as follows:

No. Employved Spares Required
lor2 1
3tod 2
6to8 3
9 or more 4

Ques. 4.244. What is the required frequency range of the
indicating device on the frequency monitor at a frequency-
modulation broadcast station?

Ans. The range of the indicating device on a frequency-
modulation frequency monitor shall be atleast from 2,000 cycles
below to 2,000 cycles above the assigned center frequency.

Ques. 4.245. What is the audio-frequency range that a
frequency-modulation broadcast station is required to be
capable of transmitting?

Ans. From 50 to 15,000 cyveles per second.
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Ques. 4.246. How wide is a frequency-modulation broad-
cast channel?

Ans. The total band width of a frequency-channel is 200
kilocycles. Channels for frequency-modulation broadcast
stations begin at 88.1 megacycles and continue in successive
steps of 200 kilocycles to and including 107.9 megacycles.

Ques. 4.247. What frequency swing is defined as 100 per
cent modulation for a frequency-modulation broadcast
station?

Ans. A frequency swing of +75 kilocyeles is defined as
100 per cent modulation in a frequency-modulation broadcast
transmitter.

Ques. 4.248. What is the tolerance in operating power of
frequency-modulation broadcast stations?

.Ans. The operating power tolerances in a frequency-
modulation broadcast station are as follows:

Standard Power Rating Operating Power Tolerances
250 watts 250 watts or less
1 kw 250 watts to 1 kw
3 kw 1to 3 kw
10 kw 3 to 10 kw
25 kw 10 to 25 kw
50 kw 10 to 50 kw
100 kw 50 to 100 kw

The operating power tolerance according to F('C standards
is +5 per cent —10 per cent.

Ques. 4.249. What is the meaning of the term ‘“‘center fre-
quency” in reference to frequency-modulation broadcasting?

Ans. Center frequency is referred to in frequency modu-
lation broadcasting as the assigned unmodulated radio-fre-
quency wave. It is analogous to the unmodulated carrier
frequency in amplitude-modulated transmitters. It may also
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be defined as the “average frequency” of the emitted wave
when modulated by a sinusoidal signal.

Ques. 4.250. Exclusive of monitors, what indicating instru-
ments are required in the transmitting system at a frequency-
modulation broadcast station?

Ans.  Accurate indicating instruments to measure plate
voltage, plate current, transmission-line currents, and antenna
currents. Recording instruments for plotting plate-current
and plate-voltage graphs are sometimes used. The indicating
instruments required to fulfill the above conditions are as
follows:

Alternating-current and direct-current voltmeters.

Alternating-current and direct-current ammeters.

Direct-current milliammeters.

Radio-frequency ammeters (thermocoupled types).

Ques. 4.261. What is the required accuracy of instruments
indicating the plate current and the plate voltage of the last
radio stage or the transmission line current or voltage at a
frequency-modulation broadcast station?

Ans.  Instruments indicating transmission line current or
voltage shall meet the following specifications:
1. Instruments having linear scales shall meet the require-
ments specified in Ques. 4.215 and 4.217.
2. Instruments having logarithmic or squarc-law scales
shall meet the following requirements:
a. The length of the scale shall be not less than 2341 inches
for linear scale instruments.
b. Accuracy shall be at least 2 per cent of the full-scale
reading for linear scale instruments.
c. No scale division above one-third full-scale reading (in
amperes) shall be greater than one-thirtieth of the full-
scale reading.
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3. Radio-frequency instruments having expanded scales.

a. Length of the scale shall not be less than 23{, inches for
linear scale instruments.

b. Accuracy shall be at least 2 per cent of the full-scale
reading for linear scale instruments.

¢. Full-scale reading shall not be greater than five times the
minimum normal indication for linear scale instruments.

d. No scale division above one-fifth full-scale reading (in
amperes) shall be greater than one-fiftieth of the full-
scale reading,

e. The meter face shall be marked with the words “ex-
panded scale” or the abbreviation thercof (1.8.).

Ques. 4.262. What is the frequency tolerance of a fre-
quency-modulation broadcast station?

Ans. A frequency tolerance of +2,000 cycles of the
assigned center frequency is allowed.

Ques. 4.253. What is the meaning of the term “frequency
swing” in reference to frequency-modulation broadcast
stations?

Ans. “Frequency swing” is the term applied to the
instantaneous departure of the frequency of the transmitted
wave from the center frequency during the process of modu-
lation.

Ques. 4.264. Why is a scanning technique known as
“interlacing” used in television broadcasting?

Ans.  Interlaced scanning is universally employed in stand-
ard television broadcasting to reduce the flicker effect caused
by the persistence of vision. This system of scanning may be
summarized briefly as a method in which the picture-repetition
rate is either mechanically or electronically doubled. Techni-
cally, the term “interlaced scanning” is defined as a process
of scanning in which successively scanned lines are spaced an
integral number of line widths and in which the adjacent lines
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are scanned during successive cycles of the field scanning
frequency.

Ques. 4.266. Does the video transmitter at a television
broadcast station employ frequency or amplitude modulation?

Ans.  Amplitude modulation.

Ques. 4.266. Does the sound transmitter at a television
broadcast station employ frequency or amplitude modulation?

Ans.  Frequency modulation.

Ques. 4.267. What is a monitor picture tube at a television
broadcast station?

Ans. The monitor picture tube is an image-reproducer
cathode-ray tube generally used in conjunction with a cathode-
ray oscilloscope.  This combination is connected at the output
circuit of the transmitter video line amplifier and also at the
output of the studio control booth. The monitor permits a
critical analysis of picture faults at several points between the
picture transmitter and the various camera chains.

Ques. 4.258. Describe scanning as used by television
broadcast stations. Describe the manner in which the scan-
ning beam moves across the picture in the receiver.

Ans.  Scanning in modern television is the process of analyz-
ing successively the light values of picture elements constitut-
ing the total picture area.

In modern television stations the scanning of an image is
obtained by an electronic process in which a narrow circular
beam of electrons in a specially designed cathode-ray tube
(iconoscope or image orthicon) is projected against a photo-
sensitive screen within the tube. This beam is deflected back
and forth across the screen in horizontal motion by electro-
magnetic coils around the neck of the tube controlled by a
current variation which is in the form of a saw-tooth-shaped
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wave. As the wave rises diagonally on the time base axis,
the beam sweeps across the face of the tube almost horizontally
from top left to right. When the peak of the saw tooth is
reached, the beam reaches the extreme right of the screen and
completes one scanning line. Now as the peak of the saw-
tooth wave is reached, it will drop sharply to the zero axis of
the time base and cause the beam to retrace back to the top
left-hand portion of the picture screen but slightly below the
first scanning line by a width separation of one line. As the
wave again rises diagonally on the time base axis, the beam
sweeps across the face of the tube parallel with the first beam
trace. This process continues to the bottom of the picture at
which time its positioning is again directed to the top of the
picture. The return of the beam to the top, however, is now
directed to a position in between the first and second lines.
This is referred to as ‘“interlaced scanning’ or the process in
which suceessively scanned lines are spaced an integral number
of line widths and in which adjacent lines are scanned during
successive cycles of the field-scanning frequency.

Thus, when a suitably illuminated image is passed through
the optical lines of the camera tube to the photosensitive screen
inside the tube, the photoelectric effect transforms the optical
image into an electrical image corresponding to the light
changes impressed upon the sensitive element of the tube,

The scanning beam in the receiver image-reproducing tube is
caused to move in the same manner as and in proper time
relation with the beam of electrons in the camera tube in
the transmitting studio. The beam moves across the face of
‘the tube from left to right almost horizontally with a slight
vertical tilt in a downward direction in two series of alternate
or interlaced lines. Each set of lines is referred to as the
“field” frequency, and the total series as the “frame”
frequency.

The total number of scanning lines has been standardized at
525 lines, interlaced 2 to 1. The frame frequency shall be 30
per second, and the field frequency 60 per second.
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Ques. 4.269. What is a mosaic plate in a television camera?

Ans. The mosaic in the camera tube on which the image is
focused takes the place of the film in the ordinary camera.
The mosaic plate in a television camera tube usually consists
of a sheet of mica on one side of which a large number of photo-
clectric-producing chemicals have been deposited and the other
side of which is a conducting metallic film.

When the mosaic particles are illuminated, electrons will be
cmitted in an amount depending upon the degree of illumina-
tion. This leaves an excess of positive charges on the mosaic
particles, which will vary in accordance with the degree of
illumination. Thus, when the narrow circular electron beam
from the hot cathode of the camera tube strikes the screen, a
change in voltage results at this point between each mosaic
particle and the metallic plate.

Ques. 4.260. What is the purpose of synchronizing pulses
in a television broadcast signal?

Ans.  Synchronizing pulses are used to maintain the proper
time relationship of the scanning process between the trans-
mitter and the receiver. These pulses are sent out by the
transmitter as an integral part of the video carrier frequency
between successive scanning lines and fields.

A horizontal pulse is sent out at the end of each scanning
line to restore the beam to the left side of the screen, and a
vertical pulse is sent out at the end of each field scan to return’
the beam to the top of the screen.

Ques. 4.261. What is the effective radiated power of a
television broadcast station if the output of the transmitter is
1,000 watts, antenna transmission-line loss is 50 watts, and
the antenna power gain is 3?
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Ans. 2,850 watts.
Solution:

Effective radiated power = power output — losses X antennau
power gain.
(1,000 — 50) X 3 = 2,850 watts or 2.85 kilowatts.

Ques. 4.262. Besides the camera signal, what other signals
and pulses are included in a complete television broadcast
signal?

Ans. 1. Frequency-modulation sound carrier and side
bands.
2. Video carrier frequency.
Horizontal synchronizing pulses.
Vertical synchronizing pulses.
Horizontal blanking pulses.
Vertical blanking pulses.
Equalizing pulses.

SINC IR

Ques. 4.263. What are synchronizing pulses in a television
broadcasting and receiving system?

Ans. Synchronizing pulses are short, accurately timed
pulses employed for controlling the local scanning generator
at the transmitter and receivers, thereby establishing the
proper position of the scanning beam.

Ques. 4.264. What are blanking pulses in a television
broadcasting and receiving system?

Ans. Blanking pulses developed by the synchronizing
generator in a television system are pulses used for the purpose
of cutting off the electron beam at the transmitter and the
receiver during the horizontal and vertical retrace periods.
Hence the blanking pulses are transmitted along with the video
signal in order that the beam in the image-reproducer tube is
cut off simultancously with that in the camera tube.
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Ques. 4.265. For what purpose is a voltage of saw-tooth
wave form used in a television broadcast receiver?

Ans. A saw-tooth wave is generated to produce the sweep
and retrace of the electron beam in the ecathode-ray reproducing
tube. It produces a linear motion of the scanning beam.

Ques. 4.266. In television broadcasting, what is the mean-
ing of the term ‘“‘aspect ratio”?

Ans. The numerical ratio of the frame width to the frame
height as transmitted (4:3).

Ques. 4.267. How many frames per second do television
broadcast stations transmit?

Ans.  Thirty complete frames or pictures per second.

Ques. 4.268. In television broadcasting, why is the field
frequency made equal to the frequency of the commercial
power supply?

Ans.  To permit the picture-repetition or frame frequency
to coincide accurately with the 60- or 120-cycle ripple fre-
quency developed by the rectified power supply. This is of
particular importance, since the scanning and synchronizing
circuits of a television system are controlled by the rectified
power supply. Tence if some ripple frequency is present due
to inadequate filtering, no difficulty will be experienced, since
the field frequency and the power frequency coincide at every
evele.  Thus, the ripple will not drift across the screen.

Ques. 4.269. If the cathode-ray tube in a television
receiver is replaced by a larger tube such that the size of the
picture is changed from 4 by 3 inches to 8 by 6 inches, what
change if any is made in the number of scanning lines per
frame?

ns.  No change.
262



ADVANCED RADIOTELEPHONY Element 4

Ques. 4.270. If a television broadcast station transmits the
video signals in channel No. 6 (82 to 88 megacycles), what is
the center frequency of the aural transmitter?

Ans. 87.75 megacycles. Transmission standards specify
that the aural center frequency shall be located 0.25 megacycle
lower than the upper frequency limit of the channel.

Ques. 4.271. What is the field frequency of a television
broadcast transmitter?

Ans. The field frequency is the number of times per
second the frame or picture area is fractionally scanned by
the interlaced scanning method. The field frequency in
modern television has been standardized at 60 per second and
represents the scanning time of half the number of total lines
(26214).

Ques. 4.272. How is the operating power of the aural

transmitter of a television broadcast station determined?

Ans. The operating power of an aural transmitter is
determined by the indirect method.

Operating power = E, X I, X efficiency.

Ques. 4.273. Numerically, what is the aspect ratio of a
picture as transmitted by a television broadcast station?

Ans. The aspect ratio of the transmitted picture shall be
four units horizontally to three units vertically.

Ques. 4.274. What is meant by “vestigial side-band trans-
mission” of a television broadcast station?

Ans.  This term refers to a system of side-band transmission
in which one of the generated side bands is partly attenuated
at the transmitter and radiated only in part.

Ques. 4.275. What is the frequency tolerance of television
broadcast transmitters?
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Ans.  The carrier-frequency tolerances for both visual and
aural transmitters shall be automatically maintained to with
+0.002 per cent of the assigned frequency.

Ques. 4.276. What is meant by “antenna field gain” of a
television broadcast antenna?

Ans.  Antenna field gain of a television antenna is defined
as the ratio of the effective free-space field intensity produced
at 1 mile in the horizontal plane expressed in millivolts per
meter for a 1-kilowatt antenna input power to 137.6 millivolts
per mecter.

Ques. 4.277. How wide is a television broadcast channel?

Ans. A total band width of 6 megacycles per second.

Ques. 4.278. If standard broadcast emissions are classified
as A3 emission, what is the classification of television broad-
cast video emissions?

Ans. Television broadcast emissions are classified as type
A5, (See also Ques. 3.164.)

Ques. 4.279. What is the range of audio frequencies that
the aural transmitter of a television broadcast station is
required to be capable of transmitting?

Ans. A band of audio frequencies from 50 to 15,000 cveles.

Ques, 4.280. What is meant by 100 per cent modulation of
the aural transmitter at a television broadcast station?

Ans. A frequency swing of 325 kilocyeles is considered

100 per cent modulation.

Ques. 4.281. What is the frequency tolerance of a studio-
to-transmitter broadcast station?

Ans. A studio-to-transmitter (S.T.) broadcast station
requires a frequency tolerance of within 0.01 per cent of the
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assigned frequency or 0.05 per cent if the station operates
above 150 megacycles.  The maximum frequency swing shall
not be in excess of +200 kilocycles.

Ques. 4.282. What are the radio operator requirements of
the person on duty at an experimental television broadcast
station?

Ans. One or more radio operators holding radiotelephone
first-class or radiotelephone second-class operator licenses shall
be on duty at the place where the transmitting apparatus of
any experimental television broadcast station is located and in
actual charge of its operation. The licensed operator on duty
and in charge of a broadeast transmitter may, at the discretion
of the licensee, be employed for other duties or for the opera-
tion of another station or stations in accordance with the class
of operator’s license which he holds and the rules and regu-
lations governing such stations. However, such duties shall
in no wise interfere with the operation of the broadcast
transmitter.

Ques. 4.283. What type of antenna is required at a studio-
to-transmitter broadcast station?

Ans. A directive antenna. The antenna for both the
transmitter and recciver is generally a dipole-fed parabolic
reflector.  For a frequency-modulation frequency range of
920 to 960 megacycles the parabola is approximately 40 inches
in width.

Ques. 4.284. What is the frequency tolerance of a noncom-
mercial educational frequency-modulation broadcast station?

Ans.  Automatic means shall be provided to maintain the
assigned center frequency within 2,000 cycles.



ELEMENT 5
RADIOTELEGRAPH

Ques. 6.01. What is the meaning of ampere turns?

Ans. The magnetomotive force produced by the flow of an
electric current in a coil is proportional to the total quantity of
charge circling the coil in one second. Thus, it is proportional
to the produet of the current in each turn and the total number
of turns in the coil. The magnetomotive force can be con-
veniently expressed in ampere turns which are computed by
the formula,

ampere turns = N X [
where N is the number of turns and I the current flowing.

Ques. 5.02. What is the meaning of “electrolyte’”? List
four types of radio equipment in which it may be used.

Ans.  “Electrolyte” may be defined as an acid or alkaline
solution. Electrolyte is used in the following types of radio
equipment:

1. Storage battery.

2. Electrolytic condenser.

3. Electrolytic rectifier.

4. Electrolytic interrupter.

5. Electrolytic detector.

Ques. 5.03. Name at least five pieces of radio equipment
which make use of electromagnets.

Ans.  Electromagnets are used in the following pieces of
radio equipment:
1. Overload and underload circuit breakers.
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Headphones.
Relays.

. Meters.
Motors.
Generators.

. Loud-speakers.

NSO W

Ques. 5.04. How many watts equal 1 horsepower?
Ans. 746 watts.
Ques. 5.06. What is the meaning of “‘residual magnetism”?

Ans. The magnetism which still remains in temporary
magnets after the magnetizing current has been removed.

Ques. 5.06. If two 10-watt 500-ohm resistors are con-
nected in series, what is the total power-dissipation capa-
bility?

Ans. Each resistance has a capability of 10 watts dissipa-
tion, thus the total power-dissipation capability will be
20 watts.

Ques. 5.07. A milliammeter with a full-scale deflection
of one milliampere and having an internal resistance of 26
ohms is used to measure an unknown current, by shunting it
with a 4-ohm resistance. When the meter reads 0.4 milli-
amperes, what is the actual value of current?

Ans. I = 2.9 milliamperes, or 0.0029 ampere. (See Ques.
2.49 for details.)

Solution:
I =1y (1 - Ii‘—') = 0.4 (1 + %?) = 2.9 milliamperes
R 4

where Iy = meter reading, Ry = resistance of the meter,
Rs = resistance of the shunt.
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Ques. 5.08. If two 10-watt 500-ohm resistors are con-
nected in parallel, what is the total power-dissipation
capability?

Ans. The total power-dissipation capability will be 20
watts.

Ques. 6.09. What is the maximum current-carrying capac-
ity of a resistor marked “5,000 ohms, 200 watts’’?

P
I= \/% = 0.2 ampere.

Ques. 5.10. What factors determine the heat generated
in a conductor carrying an electric current?

Ans.

Ans. The current-flow-squared value and the resistance.
P = I?R watts.

Ques. b5.11. Two resistances of 18 and 15 ohms are
connected in parallel; in series with this combination is
connected a 36-ohm resistance; in parallel with this total
combination is connected a 22-ohm resistance. The total
current flowing through the combination is 6 amperes. What
is the current value in the 16-ohm resistance?

Ans. The current flow through the 15-ohm resistance will
be 0.94 amperes. To solve this problem by simple arith-
metic and Ohm’s law proceed as follows:

1. Reduce the parallel combination of the 15- and 18-ohm
resistances to the effective resistance,

RXR

Ry = R+R- 8.18+ ohms.

2. Add the effective resistance to the 36-ohm series resist-
ance, 44.18 ohms.

3. Obtain the total effective resistance of the 44.18-ohm
and the 22-ohm parallel combination,
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Ry = 55 = 14.68 4 ohms.

4. Determine the applied voltage across the entire com-
bination, E, = IR = 5 X 14.68 = 73.4 volts.

5. Find the current flow through the 22-ohm resistance,
I = E = 3.341 amperes.

R
6. Find the current through the remaining branch,
5 — 3.341 = 1.659 amperes.

7. Find the voltage developed across the 15- and 18-ohm
effective combination of 8.184 ohms,

E = IR = 1.659 X 8.184 = 13+ volts.
8. Thus the current through the 15-ohm resistance is found

I = % = — = 0.94 ampere.

Ques. 5.12. What method is used to obtain more than one
voltage value from a fixed-voltage direct-current source?

Ans. By the use of a voltage-divider resistance or
potentiometer.

Ques. 6.13. Two resistors are connected in series. The
current through these resistors is 3 amperes. Resistance 1
has a value of 50 ohms; resistance 2 has a voltage drop of
50 volts across its terminals. What is the total impressed
e.m.f.?

Ans. The total impressed e.m.f. is 200 volts. The current

through the 50-ohm resistor is I % or, E=IR =3 X50=

150 volts. Since a 50-volt drop is known to be present across
resistance 2, the total or impressed e.m.f. must be the sum
of the two IR drops or 200 volts.
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Ques. 5.14. A circuit is passing a current of 3 amperes.
The internal resistance of the source is 2 ohms. The total
external resistance is 50 ohms. What is the terminal voltage
of the source?

Ans. The terminal voltage of a source is always less than
the open circuited voltage by an amount I X R (internal
resistance). Thus the terminal voltage in this circuit is
150 volts. Proof: K = IR = 3 X 50 = 150 volts.

Ques. 5.16. A 10,000-ohm 100-watt resistor, a 40,000-ohm
60-watt resistor, and a 5,000-ohm 10-watt resistor are con-
nected in parallel. What is the maximum value of total
current through this combination which will not exceed the
wattage rating of any of the resistors?

Ans. The maximum value of current flow through this

combination is 0.07 ampere. The power dissipated in each
. E? . .
resistance, oL must not exceed the rating of the resistance.

Since all of the resistances are in parallel, it is obvious that the
calculations are based upon the 5,000-ohm 10-watt resistor.
Hence, we must determine what value of current flow through
this resistor will not exceed 10 watts of power dissipation.
Thus, we find the current value through this resistance by the

s =
equation, [ = 5—{ = \/5 1)(())(—) = 0.0447 ampere.
Proof:

P =1*XR = 00472 X 5000 = 10 watts.
The applied voltage may now readily be determined,
E, =1 X R = 00447 X 5000 = 223.5 volts
E* 50,000

and P = I—{ = 5’000 = 10 watts.

The current flow through each of the remaining resistors is
then obtained by Ohm’s law,
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o D amperes and I, = 2o
* = 30,000 *™P ' = 10,000

amperes.

The sum of all the branch currents is, therefore, the total
current, or 0.07 ampere.

Ques. 6.16. What is the ratio of peak to effective voltage
values of a sine wave?

Ans. The ratio is ——= ™ 70 = 1.414:1.

Ques. b.17. If a direct-current voltmeter is used to
measure effective alternating voltages by the use of a bridge-
type full-wave rectifier of negligible resistance, by what
factor must the meter readings be multiplied to give cor-
rected readings?

Ans. The meter reading must be multiplied by 1.11 to
obtain corrected readings.

Ques. 5.18. By what factor must the voltage of an alter-
nating-current circuit, as indicated on the scale of an alter-
nating-current voltmeter, be multiplied in order to obtain the
average voltage value?

Ans. Since the meter reading is an effective value indica-
tion it will be necessary to multiply the scale reading by 0.9
in order to obtain average values.

E.v = E,n X 0‘9.

Ques. 5.19. By what factor must the voltage of an alter-
nating-current circuit, as indicated on the scale of an alter-
nating-current voltmeter, be multiplied in order to obtain the
peak value?

Ans. The meter reading must be multiplied by 1.414 to
obtain peak values.

271



RADIO OPERATING QUESTIONS AND ANSWERS

Ques. 5.20. What is the ratio of peak to average value of
a voltage sine wave?

SRS T
Ans. The ratio is 0637 = 1.57:1.
Ques. 5.21. What is the meaning of the term ‘“phase

difference”?

Ans. Phase difference is a measure of the time displace-
ment of one sine wave from another at the same frequency. It
is usually expressed in electrical degrees, of which there are
360 in each sinusoidal cycle.

Ques. 5.22. What is the meaning of the term “leading
power factor”?

Ans. The power in an alternating-current circuit is equal
to the product of voltage and current and the cosine of the
angle between them. Power factor is the cosine of the phase
angle expressed in per cent. The cosine of the angle is equal
to the ratio of the resistance of the impedance R/Z. A ‘“‘lead-
ing power factor” is an expression of that condition in an
alternating-current circuit where capacitative reactance pre-
dominates since the current in that type of circuit is leading
the voltage between zero and 90 degrees. (See also Ques. 2.34
and 3.05 for practical formulas.)

Ques. 5.23. The product of the readings of an alternating-
current voltmeter and ammeter in an alternating-current
circuit is called what?

Ans.  This product is referred to as the ‘“‘apparent power”
or “volt-amperes.”

Ques. 5.24. In what units is the alternator output ordi-
narily rated?

Ans. Preferably in volt-amperes, but radio manufacturers
invariably rate output in watts.
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Ques. 5.26. Define “power factor.”
Ans.  (See Ques. 2.34, 3.05, and 5.22.

Ques. 5.26. What is the total inductance of two induct-
ance coils, connected in series, but without any mutual
coupling?

Ans. Ly = Ly + L, + 2M. In this case, therefore, the
total inductance is the sum of the two inductances expressed
in henrys.

Ques. b5.27. What is the total inductance of two induc-
tances connected in parallel but without any mutual coupling?

Ans. When the coils are so far apart that mutual induct-
ances are negligible, inductances in parallel are combined like
resistances in parallel.

Ques. 5.28. A series inductance, acting alone in an alter-
nating-current circuit has what properties?

Ans. It has the properties of generating a counter e.m.f.,
developing kinetic energy, and causing the current to lag
behind the voltage by 90 degrees. It acts as an alternating-
current resistance and is known as inductive reactance, X;.
The reactance value varies directly with frequency. The
series induetance also has a smoothing effect on circuit varia-
tions and tends to improve the regulation.

Ques. 6.29. What is the total reactance of a series alter-
nating-current circuit containing no resistance, and an equal
value of inductive and capacitative reactance?

Ans.  The total reactance is zero.

Ques. 5.30. What is meant by the ‘“‘fiywheel” effect of a
tank circuit?
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Ans.  The circuit inertia set up by the kinetic energy of the
inductance tending to keep the circuit oscillating. The con-
denser discharges through the inductance and the energy devel-
oped by the inductance in the collapsing field recharges the
condenser in the opposite direction.

Ques. 5.31. What may be the effects of shielding applied
to radio-frequency inductances?

Ans.  The inductance of the coil decreases. The capacity
of the coil increases. The @ of the coil decreases.

Ques. 5.32. What is the effect on the resonant frequency
of connecting a capacitance in series with an antenna?

Ans.  The effective capacity of the entire antenna system
is reduced. The resonant frequency inecreases as the capaci-
tive reactance increases, z.c.; as the size of the series capaci-
tance is reduced.

Ques. 5.33. What is the total impedance of a capacitance

and inductance having equal values of reactance, when con-
nected in parallel?

Ans.  The total reactance will be zero, and the impedance
infinite, looking in.

Ques. 5.3¢. What factors determine the efficiency of a
power transformer?

Ans. The core structure, the charaeter of the core material,
the size of the wire used, and flux leakage. The amount of
loading.

Ques. 5.35. What factors determine the no-load voltage
ratio of a power transformer?

Ans. The turns ratio N:

= Er _ Ne
N=%"N
Es=%iXEp.
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Ques. 5.36. What factors determine the current ratios of
primary and secondary 'n a power transformer?

Ans.  The currents in the primary and the secondary of a
power transformer are approximately in the inverse ratio of
the corresponding turns.

I _ N
Is Np
The size of wire also affects the current ratio.

Ques. 5.37. A radio receiver has a power transformer and
rectifier designed to supply plate voltage to the vacuum
tubes at 260 volts when operating from a 110-volt 60-cycle
supply. What will be the effect if this transformer primary
is connected to a 110-volt direct-current source?

Ans. The primary winding will seriously overheat and
burn unless adequately protected by fuses.

Ques. 5.38. What is the relationship between the turns
ratio and the impedance ratio of the windings of a transformer?

Ans.
/Zf.
Zyg

primary impedance.
secondary impedance.

Turns ratio

Zp
Zs

Ques. 6.39. Why should the cathode of an indirectly
heated type of vacuum tube be maintained at nearly the same
potential as the heater circuit?

Ans. To prevent cathode leakage which might be caused
by voltage breakdown between the cathode and the filament.
Also to reduce stray fields existing between the cathode and
the filament.

Ques. 5.40. Why is it impractical to reactivate oxide-coated
filaments?
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Ans. Because the oxide coating is nearly all on the surface
of the filament. The reactivation process here applied would
merely decrease the degree of oxide.

Ques. 6.41. What types of vacuum-tube emitting surfaces
respond to the reactivation?

Ans. Thoriated-tungsten filaments.

Ques. 5.42. Describe how reactivation may be accom-
plished?

Ans. The filament is subjected to a momentary voltage
surge of a higher value than the normal operating voltage and
then to a slightly lower voltage, but for a longer period of
time. It isimportant that the plate potential be disconnected
during this operation. (See also Ques. 3.186.)

Ques. 5.43. Is a tungsten filament operated at a higher
or lower temperature than a thoriated filament? Why?

Ans. The tungsten filament is operated at a higher fila-
ment temperature because the electron emission characteristic
is considerably lower.

Ques. 5.44. What is indicated when a blue glow is noticed
within a vacuum-tube envelope?

Ans. If the glow occurs between the plate and filament
elements this indicates the presence of gas.

Ques. 5.45. What is the function of the grid leak in a grid-
leak type of detector?

Ans. In a grid-leak type of detector, the grid and cathode
act as a diode rectifier. The grid leak serves as a load resist-
ance across which the modulation (signal) voltage is developed
and applied to the grid of the tube which then operates as an
audio-frequency amplifier. Operating bias is developed auto-
matically by rectification of the signal and is zero in the
absence of the signal. Since for small signals the bias is
small, the g of the tube is maximum and the gain of the stage
is high.
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Ques. 5.46. What effect does an inrcoming signal have
upon the plate current of a grid-leak type detector vacuum
tube?

Ans. The automatic bias action decreases the plate current.

Ques. 5.47. What effect does an incoming signal have
upon the value of plate current of a power detector tube?

Ans. The plate current rises during the signal periods.

Ques. 5.48. Why is it sometimes necessary to provide a
radio-frequency filter in the plate circuit of a detector tube?

Ans. To by-pass the plate radio-frequency variations
around the high impedance of the audio-transformer primary
or headphones. This filter may be used to peak the 500-cycle
audio beat note by effecting a parallel resonant condition.

Ques. 5.49. Explain how power detection is accomplished?

Ans. Power detection, or more accurately, linear detec-
tion, is accomplished by operating the detector tube with a
large value of grid bias almost to the point of plate-current
cut-off. The plate voltage is of a considerably higher value
than normal. The name “power detection” is used because
it generally operates with large applied signal voltages.

Ques. 5.60. Explain how grid-leak detection is accom-
plished.

Ans. Grid-leak detection is accomplished by the insertion
of a grid condenser and shunt resistance connected in series
with the grid. Operating bias is developed across the grid
resistance by the flow of rectified grid current.

Ques. 6.61. Explain how diode detection is accomplished?

Ans. Diode detection is accomplished by using either a
triode type or special diode type of tube. In the case of the
former, the grid is used as the diode element while the plate is
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connected to cathode or ground. The grid is then connected
to one end of the radio-frequency input transformer while the
other end of the transformer is connected through a high
resistance (500,000 ohms) to the cathode of the tube. A
small radio-frequency by-pass condenser of approximately
0.0001 microfarad is connected in shunt with the resistance.
The audio-frequency voltage developed across the resistance
by rectification is then applied to the grid of an audio-fre-
quency amplifier tube. With the diode type of tube the
diode plate or plates are connected together and then con-
nected as the grid was in the preceding explanation.

Ques. 5.62. What is the principal advantage of trans-
former coupling compared to resistance coupling, as used in
audio-frequency amplifiers?

Ans. Higher amplification may be obtained owing to the
primary-to-secondary step-up ratios. Voltage step-up ratios
with transformers range between 1:1.5 to 1:10. Resistance
ratios are 1:1.

Ques. 5.63. Why is it necessary to use two tubes in class B
audio amplification?

Ans. Since this type of amplifier operates at cut-off, a
single tube would amplify only one-half of the signal eycle and
serious distortion would result. Two tubes complete the
cvele.

Ques. 5.64. What are the advantages of push-pullampli-
fication as compared to single-ended amplification?

Ans.  Push-pull amplification reduces harmonie distortion
caused by the second harmonic, reduces hum, eliminates
core saturation, and develops a more symmetrical reproduction
of the input wave form than the single-ended amplifier.
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Ques. 5.66. Why is it not feasible to employ a vacuum-
tube operated class C as an audio amplifier, either singly or
in push-pull?

Ans. Because there is too much distortion present in the
output of the class C amplifier to make it feasible for use on
audio frequencies. llence, class C amplifiers are used pri-
marily in the amplification of the unmodulated radio-frequency
carrier wave in radio transmitters. Note that in radio-fre-
quency circuits a tank cireuit is available to minimize distortion.

Ques. 5.66. Why is an audio transformer seldom employed
as the output device to be used in the plate circuit of a tetrode
audio-amplifier stage?

Ans. The plate impedance of a tetrode ranges between
300,000 and 1,000,000 ohms. To satisfy load conditions, the
transformer would require a primary inductance value of
300 to 500 or more henrys. This would necessitate a trans-
former with large physical dimension as well as one difficult
to construet with a flat-frequency response. Another reason
is that the tetrode possesses a large voltage amplification
factor and, therefore, does not require large output step-up
ratios.

Ques. 65.57. If a final radio-frequency amplifier, operated
as class B linear, were excited to saturation with no modula-
tion, what would be the effects when undergoing modulation?

Ans. The amplifier plate current would be unable to
increase as it should on modulation peaks but would decrease
on the troughs. This would result in serious audio-frequency
distortion and a downward deflection of the plate current
meter.

Ques. 5.58. Under what class of amplification are the
vacuum tubes in a linear radio-frequency stage, following
the modulated stage, operated?

Ans. Class B.
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Ques. 5.69. What class of amplifier should be employed
in the final amplifier stage of a radiotelegraph transmitter
for maximum plate efficiency?

Ans. Class C.

Ques. 5.60. Discuss the effects of insufficient radio-
frequency excitation on a class C modulated radio-frequency
amplifier insofar as the output signal wave form is concerned.

Ans. The negative peaks of the modulation envelope will
be flattened. A positive carrier shift will result.

Ques. 5.61. What factors are most important in the opera-
tion of the vacuum tube as a frequency doubler?

Ans. The most important factors are:

1. Very large value of grid-bias adjustment.

2. High plate voltages.

3. High radio-frequency voltage excitation.

4. Low C-tank cirecuit value.

5. Proper adjustment of the doubler plate circuit to the
harmonic of the frequency applied to its grid.

Ques. 5.62. What is the primary purpose of the suppressor
grid of a pentode?

Ans.  To reduce secondary emission and improve the linear-
ity of the plate characteristics.

Ques. 5.63. What is the primary purpose of the screen
grid of a tetrode?

Ans. The primary purpose is to act as an electrostatic
shield. It serves to reduce the interclectrode grid-plate
capacity and raise the electron acceleration to the plate.
Greater plate resistance and increased circuit stability are
resultant contributing factors.

Ques. 5.64. What is the primary purpose of the control
grid of a triode?
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Ans. The control grid provides a means by which the signal
voltage can vary the plate current while drawing little or no
current from the signal source.

Ques. 5.65. A triode transmitting tube, operating with a
plate voltage of 1,250 volts, has a filament voitage of 10,
filament current of 3.26 amperes, and a plate current of 160
milliamperes. The amplification factor is 256. What value of
control grid bias must be used for operation as a class C
amplifier?

Ans. A grid bias of approximately —125 volts. For class
P

m
ing grid bias with fairly accurate results.

C amplification the ratio X 2.5 may be used for determin-

Ques. 5.66. Name four materials which can be used as
crystal detectors.

Ans. Carborundum, galena, iron-pyrites, silicon, and
zincite-bornite.

Ques. 5.67. Why do headphones have high impedance
windings?

Ans. As radio headphones are sometimes called upon to
act as the load on the final audio-amplifier tube, it is desirable
that their resistance approach the impedance-match con-
dition for distortionless amplification, which is twice the
tube’s plate resistance. Generally speaking, therefore, radio
headphones should have a direct-current resistance of 2,000
ohms or more. Their alternating-current impedance would,
of course, exceed this value owing to the reactance effect
in the magnet windings.

Ques. 5.68. What are the objections to the operation of a
regenerative, oscillating-detector receiver, when directly
coupled to the antenna?
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Ans. An oscillating detector is in reality 2 miniature trans-
mitter. Heterodyne interference in nearby receivers will
be produced.

Ques. 5.69. What controls determine the selectivity of a
three-circuit tuner?

Ans. The regenerative feedback control, the secondary
tuning condenser, the antenna series condenser, and the
antenna coupling coil.

Ques. 65.70. A superheterodyne receiver is adjusted to
2,738 kilocycles. The intermediate frequency is 476 kilo-
cycles; what is the frequency to which the grid circuit of the
second detector must be tuned?

Ans. 475 kilocycles.

Ques. 5.71. Explain the reasons why a superheterodyne
receiver may not be successfully used for reception of fre-
quencies very near the frequency of the intermediate amplifier.

Ans. Frequencies near the intermediate-frequency range
would pass through without any mixing effect. In other
words, the intermediate frequency would function as a
simple untuned radio-frequency amplifier to these frequencies.
At the same time the mixer oscillator may cause a continuous
squeal in the output.

Ques. 6.72. A superheterodyne receiver, having an inter-
mediate frequency of 466 kilocycles and tuned to a broadcast
station on 1,460 kilocycles, is receiving severe interference
from an ‘“‘image” signal. What is the frequency of the inter-
fering station?

Ans. 2,380 kilocycles.

Ques. 5.73. A superheterodyne receiver is tuned to 1,712
kilocycles and the intermediate frequency is 466 kilocycles.
What is the frequency of the mixer oscillator?

Ans. 2,168 kilocycles.
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Ques. 6.74. Describe a “‘superregenerative’ receiver.

Ans. The superregenerative receiver is essentially the
same as a three-circuit regenerative receiver with the excep-
tion that a local generating frequency of, say, 25,000 cycles is
coupled to the plate circuit. The purpose of this local
oscillator is to increase the regenerative effect beyond the point
in which the receiver would normally go into self-oscillation.
In other words, the local oscillator supplies a quench frequency
which continuously interrupts the oscillation frequency and,
therefore, the degree of regeneration can be built up to tre-
mendous proportions.

Ques. 5.76. Why are the unused portions of inductances
in receivers usually shorted?

Ans. To eliminate “dead end” losses.

Ques. 5.76. What is the ‘“‘mixer” tube in a superhetero-
dyne?

Ans. The “mixer” tube or first detector is that tube in
which the combining of the signal frequency and the local
oscillator frequency takes place. It is in the mixer tube that
the intermediate-beat frequency is generated.

Ques. 6.77. What is the purpose of a tuned radio-frequency
amplifier stage ahead of the mixer stage in a superheterodyne
receiver?

Ans. 1t serves as a presclector stage to eliminate image

interference. It improves the signal-to-noise ratio in the lower
frequency bands.

Ques. 5.78. What is the advantage of using iron cores of
special construction in radio-frequency transformers and
inductances?

Ans. This type of transformer permits more effective
band-width adjustments in receivers thereby providing better
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high-fidelity response. They also make for better circuit
stability in the reception of unstable frequencies particularly in
the ultra-high-frequency bands. Some types are adjustable
for variable selectivity.

Ques. 5.79. If signals are heard with the headphones
plugged into the detector plate circuit of a receiver, but no
signals are heard when the phones are plugged into the first
audio-frequency stage plate circuit, what might be the cause
and how could it be remedied?

Ans. The primary or secondary winding of the audio
transformer may have opened. Substitute resistance coupling
for the opened section.

Ques. 5.80. Name three causes of an audio “howl” in a
regenerative receiver.

Ans. Howling might be caused by a microphonic detector
tube, too much regeneration, acoustic feedback, open grid
leak.

Ques. 5.81. Name four reasons which would prevent a
regenerative receiver from oscillating.

Ans. Open plate by-pass condenser, open grid condenser,
insufficient plate voltage, low filament emission, coil losses
resulting from moisture absorption, reversed tickler winding
or shorted grid condenser.

Ques. 5.82. What is the advantage of heterodyne recep-
tion as compared to autodyne reception?

Ans. The heterodyne method of beat reception has the
advantage over autodyne beat reception in slightly greater
sensitivity and wider range of beat production.

Ques. 5.83. How is automatic volume control accom-
plished in a receiver?
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Ans. Automatic volume-control action is generally devel-
oped in the diode load section of the diode detector. The
rectified signal voltage developed across this load produces a
direct-current voltage component which makes one end of the
resistance negative with respect to the cathode. By con-
necting to the negative end through a filter resistor and a by-
pass condenser this voltage is fed to the return lead of the
variable-u radio-frequency tube(s) to be controlled. The grid
voltage of the radio-frequency amplifier is, therefore, reinforced
by the direct-current potential developed across the diode load
and the radio-frequency signal peaks are diminished.

Ques. 5.84. What is a “crystal filter” as used in a super-
heterodyne receiver?

Ans. The “crystal filter” is a quartz-plate resonant circuit
which has very high @ characteristics (very sharp tuning).
This plate is generally connected between the mixer and first
intermediate stages to effect extremely sharp tuning or give
so-called ““single-signal reception.”

Ques. 5.85. How may image response be minimized in a
superheterodyne receiver?

Ans. Image response may be minimized by the introduc-
tion of specially designed trap circuits or by adding a pre-
selector stage before the mixer tube.

Ques. 6.86. Discuss the advantages and disadvantages of
a self-excited oscillator and a master-oscillator power-
amplifier transmitter.

Ans. The advantage of the self-excited oscillator trans-
mitter is that only a single tube is required. The great dis-
advantage compared to the master-oscillator power-amplifier
(MOPA) type is the frequency instability of the self-excited
oscillator. Antenna-load changes produce variations in out-
put frequency to such a degree that the output frequency may
drift over thousands of cycles.
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Ques. 5.87. Draw a simple diagram of a dynatron oscil-
lator using a tetrode, indicating polarity of power-supply
voltages.

Ans. Figure 3-10 illustrates a schematic diagram of a
dynatron oscillator.

Ques. 5.88. What is the meaning of “carrier shift”?

Ans. “Carrier shift” is the unequal relationship of the
positive and negative peaks of the modulated wave, which
results in a carrier shift. It is due to the lack of symmetry of
the modulation envelope, which causes a change in the average
amplitude of the modulated wave. (See Ques. 6.42.)

Ques. 5.89. What effect upon the plate current of the
final-amplifier stage will be observed as the antenna circuit
is brought into resonance?

Ans. The direct-current plate milliammeter will show an
increased reading.

Ques. 5.90. What will be the effect of a swinging antenna
upon the output of a self-excited oscillator transmitter? A
master-oscillator power-amplifier transmitter?

Ans. A swinging antenna will cause frequency instability
in a self-excited oscillator. When a master-oscillator power-
amplifier transmitter is used a swinging antenna will not
affect the frequency of the transmitter because the antenna-
capacity changes are not reflected back to the oscillator
c¢ircuit. The radio-frequency power amplifier serves to iso-
late the oscillator from the antenna circuit. Hence, any
capacity changes in the antenna cannot affect the frequency
of the oscillator.

Ques. 5.91. Discuss the advantage and disadvantage of
operating an amplifier as a class C stage.

Ans. The advantage is high efficiency. The efficiency of a
class C amplifier may be brought up as high as 85 per cent in
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practice. Perhaps the only disadvantage of this type of
amplifier is the relatively larger excitation voltages required to
overcome the large grid-bias voltage used. Also its output
is not so linear as class B.

Ques. 5.92. What is the crystal frequency of a transmitter
having three doubler stages and an output frequency of 16,880
kilocycles?

Ans. Three doubler stages will raise the erystal frequency
8 times; therefore the fundamental crystal frequency must he
L§ of 16,880, or 2,110 kilocycles.

Ques. 5.93. What is the ratio of the frequencies of the
output and input circuits of a single-phase full-wave rectifier?

Ans. The ripple ratio is 2:1. (The 60-cycle input is
raised to a 120-c¢ycle output.)

Ques. 5.94. What is meant by shock excitation of a circuit?

Ans. The generation of highly damped oscillations by
pulse excitation of an oscillatory circuit.

Ques. 5.95. What increase in antenna current will be
noted when a transmitter is modulated 100 per cent by a
sinusoidal audio frequency?

Ans.  An increase of 1.225 times.

Ques. 5.96. What may be the reasons why a zero reading
is not obtained on the neutralizing indicator while neutralizing
a radio-frequency amplifier stage?

Ans.  This may be due to some tube losses thereby prevent-
ing an exact phase balance. A series resistance is sometimes
inserted in series with the neutralizing condenser in order to
obtain an exact balance or a phase angle of 90 degrees. Stray
couplings between the circuit may also be the cause.
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Ques. b5.97. What precautions should be observed in
tuning a transmitter?

Ans. Care should be exercised in adjusting all high-
voltage circuits to avoid shock. The high-voltage switch
must be opened whenever making coil-tap or condenser-
section changes. Filter condensers not shunted by a resistor
should be discharged by short-circuiting with insulated-
handle screw-driver.

Ques. 5.98. Describe a procedure which would be satis-
factory in neutralizing a radio-frequency stage.

Ans. Open the plate-supply switch to the radio-frequency
stage to be neutralized. Open up the main power switch to
all tubes, and discharge all high-voltage condensers. Insert a
thermocoupled galvanometer into the low potential side of the
plate-tank circuit of the stage to be neutralized. Engage
the neutralizing condenser about one-third position. Close the
main power switch but leave the plate-supply switch of the
amplifier open. Increase the radio-frequency drive gradually
and tune all circuits to resonance. Observe the reading on the
thermocouple galvanometer and vary the neutralizing con-
denser until this reading is a minimum or, preferably, zero.
Remove the thermocouple galvanometer and insert the
regular ammeter. Close the high-voltage plate-supply switch
to the radio-frequency amplifier just neutralized. Carefully
recheck and balance all circuits to minimum plate-current
dips.

Ques. 5.99. Name three instruments which may be used
as indicating devices in neutralizing a radio-frequency
amplifier stage.

Ans.  Athermo galvanometer, a sensitive hot-wire ammeter,
a cathode-ray oscilloscope, a neon tube, or a wavemeter.

Ques. 6.100. Describe a means of reducing the sparking
at the contacts of a key used in a radiotelegraph transmitter.
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Ans. A condenser shunted across the contacts. A con-
denser with series resistance shunted across the contacts or a
choke coil in series with a condenser shunted across the
contacts. See Fig. 5-6.

Ques. 5.101. How may instruments used to indicate
various direct currents and voltages in a transmitter be pro-
tected against damage due to stray radio-frequency energy?

Ans.  Instruments may be protected by grounding the
cases (if metal), shielding the leads and grounding, shunting a
small radio-frequency by-pass condenser across them, insert-
ing small radio-frequency chokes and by-pass condensers in
the leads, and by placing the meters (ammeters) in the low
potential side of the circuit.

Ques. 5.102. What is the purpose of the choke coil?

Ans.  The choke coil in direct-current circuits serves to filter
the power supply. The choke coil in radio-frequency circuits
serves to isolate the radio-frequency currents from the power-
supply circuits. The primary function of a choke coil is to
filter or smooth out current variations.

Ques. 5.103. What currents will be indicated by a milli-
ammeter connected between the center tap of the filament
transformer of a tetrode, and negative high voltage (ground)?

Ans. The milliammeter in this position will read the
combined plate and screen-grid currents.

Ques. 5.104. What emergency repairs may be made to an
inductance coil having burned or charred insulation?

Ans.  The charred or burned portions may be painted with
an insulating varnish or liquid colloid provided both types
of materials have low dielectric losses. If possible, the defec-
tive insulation should first be removed before applying the
new insulation. Reduce operating voltage if possible.
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Ques. 65.106. Name four indications of a defective vacuum
tube in a transmitter.

Ans. Low plate currents under normal filament and plate
operating voltages, low tank currents, low antenna currents,
blue glow inside envelope between grid and plate, and fila-
ment not lighting.

Ques. 65.106. What is the purpose of an air gap in the core
of a filter choke coil?

Ans. An air gap increases the reluctance of the core,
thereby reducing the flux density so that it will not be satu-
rated by the rated flow of direct current. The gap in a
swinging choke may be only a few thousandths of an inch
wide.

Ques. 5.107. What are some uses of a low-pass filter
network?

Ans. A low-pass filter network passes freely all frequencies
below a certain point and attenuates all those above this
value. This type of network is used in power-supply filter
systems for transmitters and receivers. This type of filter is
also used in special types of amplifying circuits where it is
desired to amplify only a small band of low frequencies. Line
noises and highly damped power-line surges may be attenuated
by a low-pass type of filter.

Ques. 5.108. What is a “swinging choke”’?

Ans. A choke coil designed to operate with varying loads
is commonly referred to as a ‘‘swinging choke.” The swing-
ing action is obtained by providing an extremely small air gap
which allows saturation with a heavy current flow. (See
Ques. 3.101.)

Ques. 5.109. Indicate the approximate values of power-
supply filter inductances encountered in practice.

Ans. The maximum value of choke coils generally found
in power filters is in the vicinity of 30 henrys. The limiting

290



RADIOTELEGRAPH Element §

factor is generally the direct-current resistance and its con-
sequent voltage drop. The average current requirement is
.15 amperes. Average d-c resistance range is 200 to 600 ohms.

Ques. 5.110. Why is the core of a transformer made of
sheets of iron rather than a solid piece of iron?

Ans. To reduce eddy-current losses.

Ques. 5.111. What factors determine the eddy-current
losses in a transformer?

Ans. The character of the core material, the thickness of
core laminations, and flux density.

Ques. 5.112. Name the losses which are present in
transformers.

Ans. Eddy-current losses, hysteresis losses, air-gap losses,
and copper losses.

Ques. b5.113. What factors determine the hysteresis
losses in a transformer?

Ans. These losses are determined by flux density, the
character of the magnetic material, and the operating
frequency.

Ques. 5.114. What is the secondary voltage of a trans-
former which has a primary voltage of 100, primary turns 200,
and secondary turns, 40?

Ans. The secondary voltage is 20 volts.

N, _ 40 -
E, = N, X E, = 200 X 100 = 20 volts.

Ques. 5.116. Why should emery cloth never be used to
clean the commutator of a motor or generator?

Ans. Emery cloth contains metallic ingredients. Pos-
sible short circuits might develop.
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Ques. 6.116. When increased output voltage is desired
from a motor-generator set what is the usual procedure?

Ans. The output voltage is increased by strengthening the
current through the generator field. This is done by decreas-
ing the resistance in the generator-field rheostat.

Ques. 5.117. What will be the effect(s) of a short circuit
in an armature coil in a direct-current motor?

Ans. Sparking will develop around the commutator and
the speed under load will be reduced.

Ques. b5.118. When starting a direct-current motor-
generator set, what adjustment should be made to the motor
field?

Ans. The motor-field rheostat should be decreased to
minimum resistance.

Ques. 5.119. What may be the trouble if a motor generator
fails to start when the starter button is depressed?

Ans. Blown fuse, open armature, defective starter, open
field.

Ques. 5.120. What load conditions must be satisfied in
order to obtain the maximum possible output from any power
source?

Ans. Maximum power is obtained when the load resist-
ance matches the internal resistance of the source.

Ques. 5.121. Explain the principle of operation of an
electrolytic condenser.

Ans. The electrolytic condenser functions upon the prin-
ciple of unilateral conductivity, that is, the condenser offers
a very high resistance to current flow in one direction and low
resistance to the flow of current in an opposite direction.
This type of condenser depends for its operation upon the fact
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that certain metals when used as anodes in certain elec-
trolytes become coated with a very thin film of insulation,
caused by polarization. This film acts as a diclectric separat-
ing the two electrodes constituting the condenser.

Ques. 5.122. Why are bleeder resistances used in power
supplies?

Ans. Bleeder resistors are used in filter circuits across
condensers to equalize the charge and remove the strain upon
the condensers. They are also used to stabilize the output
voltage from power-supply circuits to the load circuits. The
bleeder resistance in voltage-divider systems also permits
reservoir action to accommodate increases in plate-current
swings to the vacuum-tube plate circuits, improving regu-
lation. Bleeder resistors also function to discharge the
condensers after shutdown, thus preventing possible shock to
the operator.

Ques. 5.123. Why is a condenser sometimes placed in
series with the primary of a power transformer?

Ans. A condenser is very seldom, if ever, placed in series
with the primary winding of a power transformer. If a con-
denser should be used in this manner it would be done for the
purpose of resonating the secondary circuit with the primary
or, possibly, for controlling the primary reactance to control
the current flow. This arrangement might also be used for
boosting the primary voltage.

Ques. 5.124. What factors determine the breakdown
voltage rating of a condenser?

Ans. The character of the dielectric and the thickness of
the dielectric.

Ques. 5.126. What is the effect of low temperatures upon
the operation of a lead-acid storage cell?
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Ans. Low temperatures temporarily decrease both the dis-
charge voltage and the ampere-hour capacity which can be
taken out of the cell.

Ques. §.126. Why should the tops of the lead-acid cell or
batteries be kept free from moisture?

Ans. To prevent leakage losses and terminal corrosion.

Ques. 5.127. How may the condition of charge of an Edi-
son cell be determined?

Ans. By the use of a high-resistance voltmeter test under
load.

Ques. 5.128. What special precautions should be taken
when lead-acid cells are subject to low temperatures?

Ans. They should be given frequent charging in order to
keep the discharge voltage and ampere-hour capacity as high
as possible. The cells should be kept on continuous trickle.

Ques. 5.129. What should be done if the electrolyte in a
lead-acid cell becomes low due to evaporation?

Ans. Refill with chemically pure water.

Ques. 5.130. What precautions should be used when an
absorption type of frequency meter is used to measure the
output of a self-excited oscillator?

Ans. Place the instrument as far as possible from the
circuit being measured to avoid mutual coupling reactions
which would alter the output frequency.

Ques. 5.131. What is the meaning of “zero beat” as used
in connection with frequency-measuring equipment?

Ans. ‘““Zero beat” is that condition which prevails when
two radio-frequency oscillators are coupled to each other and
adjusted to exactly the same frequency. An audible output
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circuit, such as headphones, would produce no response under
this condition.

Ques. 5.132. What precautions should be taken before
using a heterodyne type of frequency meter?

Ans. The heterodyne-frequency meter should be placed
as far as possible from the circuit being checked. The
calibration should be checked against a known standard-
frequency calibrator. Allow meter time to warm up.

Ques. 5.133. If a wavemeter, having a deviation inversely
proportional to the wavelength, is accurate to 20 cycles, when
set at 1,000 kilocycles, what is its error when set at 1,250
kilocycles?

Ans. The error at 1,250 kilocyeles will be 25 cycles.

Ques. 5.134. What cleaning agents may be used to clean
the surfaces of a quartz crystal? Is such cleaning ever neces-
sary? Explain.

Ans. The best cleaning agent is carbon tetrachloride (Car-
bona). Aleohol or plain soap and water may be used. All
quartz crystals should be cleaned whenever handled because
any oily deposit or grit may prevent the unit from functioning.

Ques. 5.136. Name four advantages of crystal control
over tuned circuit oscillators.

Ans. 1. Maximum frequency stability.

Minimizes dynamic instability

Gives better tone signal for radio telegraphy.

Reduces necessary band width.

Simplifies grid circuit.

Reduces beat frequency of stations on same frequency.

S el

Ques. 5.136. Why is a separate source of power desirable
for crystal-oscillator units in a transmitter?
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Ans. Common power supply for crystal- and power-
amplifier units would produce frequency modulation and
consequent serious frequency instability and distortion. This
is due to load changes upon the oscillator plate circuit which
in turn are caused by modulation or power-amplifier plate-
load changes.

Ques. 5.137. Why is the temperature of a quartz crystal
maintained constant?

Ans. Because the crystal possesses a temperature coeffi-
cient. Temperature changes will cause drifting of the
crystal frequency.

Ques. 5.138. What will be the effect of a high degree of
coupling between the plate and grid circuits of a quartz-
crystal oscillator?

Ans. Excessive strain may bhe applied to the crystal and
a possible cracking or chipping may result.

Ques. 5.139. What is the function of a quartz crystal in a
radio transmitter?

Ans. The crystal serves as the frequency controlling unit
of the oscillator to maintain a station at a critical frequency.
It is the frequency stabilizer of the transmitting system.

Ques. 5.140. What does the expression “low temperature
coefficient crystal” mean?

Ans. This term means that the variation in crystal fre-
quency with positive and negative change in temperature is
practically zero.

Ques. 6.141. What does the expression ‘“the temperature
coefficient of an X-cut crystal is negative” mean?

Ans. ‘A negative coefficient characteristic’’ is one in which
the crystal frequency decreases as the temperature is raised.
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Ques. 5.142. What will be the effect of applying a direct-
current potential to the opposite plane surfaces of a quartz
crystal?

Ans. The erystal will change in shape, the amount and
direction of the change depending upon the cut of the crystal.

Ques. 5.143. What does the expression “the temperature
coefficient of a Y-cut crystal is positive” mean?

Ans. A positive coefficient characteristic’” is one in which
the crystal frequency increases as the temperature is raised.

Ques. 5.144. Draw a simple schematic diagram of a
crystal-controlled oscillator using a tetrode-type tube. Indi-
cate power-supply polarity where necessary.

Ans. Figure 2-9 illustrates a schematic diagram of a
tetrode crystal oscillator. The basic circuit is the same as
that using a pentode tube with the exception that the sup-
pressor grid (next to the plate) is omitted.

Ques. 5.145. What is a ‘“multivibrator”? Explain the
principle of operation.

Ans.  The multivibrator or relaxation oscillator is a two-
tube resistance-coupled oscillator in which the voltage devel-
oped by the output of the second tube is applied to the input
of the first tube. The prineciple of operation is based upon the
fact that the tubes invert the wave form. The output wave is
nonsinusoidal in character. This type of oscillator may be
used for any of the following purposes:

1. Master oscillator timer.

2. To produce rectangular control pulses of certain lengths,
synchronized with excitation trigger pulses.

3. To introduce delay between input trigger pulses and a
second circuit.

4. Frequency division. To synchronize or lock circuits at
other than 1:1 ratio.

Ques. 5.146. What is a dynatron oscillator? Explain its
principle of operation.
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Ans. A dynatron oscillator is a tetrode oscillator in which
the screen-grid voltage is operated at a eritical point above the
plate-voltage potential. It operates upon the principle of the
negative resistance characteristic used in regeneration and
oscillatory circuits. As the plate voltage is gradually raised,
the plate-to-cathode current is reduced, owing to a neutralizing
cffect at some critical point between the normal emission from
the cathode and the secondary emission from the plate. When
this particular point is reached, the plate-to-filament resistance
will indicate a negative-resistance characteristic and the plate-
tank circuit will continue to oscillate.

Ques. 5.147. What is an electron-coupled oscillator?
Explain its principle of operation.

Ans. The electron-coupled oscillator is a tetrode oscillator
in which the control grid, cathode, and screen grid serve as
the triode section of an oscillator. The screen grid serves as
the oscillator plate. The regular plate is coupled through the
tube capacity to the triode elements. The variation of the
space charge is controlled by the triode grid, and these varia-
tions in turn energize the plate circuit and its load impedance.

Ques. 5.148. Explain the principle of generation of radio-
frequency energy by means of a spark discharge.

Ans. (See Ques. 6.251.)

Ques. 5.149. Explain the principle of generation of radio-
frequency energy by means of an electric arc.

Ans. When the arc is struck, the high-potential current
across the terminals begins to charge the condenser, which is
made up of the antenna and the ground, as shown in Fig. 5-1.
The condenser therefore takes some of the current away from
the arc. Hence, the voltage across the arc increases until the
condenser is fully charged.

When the condenser is fully charged, the current through
the arc rises to normal value. This causes the voltage across
the arc to drop. The condenser, however, is still fully charged
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and its voltage value is now higher than that of the arc. The
condenser, therefore, discharges across the arc. Because the
discharge takes place through a circuit having oscillatory
characteristics, undamped or continuous wave oscillations are
produced.

At each oscillation the voltage rises and falls periodically,
giving a constant source of energy to the condenser.

In order to signal with this system, it is necessary to provide
some means of breaking up the continuous oscillations into
code groups.

Ques. 6.150. Draw a simple schematic diagram of a crys-
tal-controlled oscillator and means of coupling to the follow-
ing radio-frequency amplifier stage, showing power-supply
polarities.

Ans. See Fig. 4-9.

Ques. 6.1561. Draw a simple schematic diagram of an
oscillatory circuit involving the use of a spark-gap discharge,
indicating the circuit elements necessary to identify this form
of oscillatory circuit.

Ans. See Fig. 5-2.

Ques. 5.162. Draw a simple schematic diagram of an
electron-coupled oscillator, indicating the circuit elements
necessary to identify this form of oscillator circuit.

Ans. See Fig. 2-8.

Ques. 5.153. Draw a simple schematic diagram of a
dynatron type of oscillator, indicating the circuit elements
necessary to identify this form of oscillatory circuit.

Ans.  Sce Fig. 3-10.

Ques. 5.184. Draw a simple schematic diagram of an
oscillating-arc circuit, indicating the circuit elements necessary
to identify this form of oscillatory circuit.

Ans.  See Fig. 5-1.
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Ques. 5.166. Why is a push-pull audio-frequency amplifier
preferable to a single-tube stage?

Ans. A push-pull audio-frequeney amplifier is preferable
to a single-tube stage because by means of the push-pull
circuit the even harmoniecs in the output are neutralized. A
greater power output is also secured from a push-pull amplifier
than is secured from a single-tube amplifier.

Ques. 5.166. Name four applications for vacuum tubes
operating as class A audio amplifiers.

Ans. Four applications of vacuum tubes operating as class
A audio amplifiers are as follows:

1. Audio-frequency voltage amplifiers in receivers.

2. Audio-frequency voltage amplifiers in speech input
equipment.

3. Modulators.

4. Line amplifiers.

5. Microphone preamplifiers.

6. Audio-frequency power amplifiers in receivers.

Ques. 5.167. What is the chief advantage of class A audio
operation as compared to other classes of audio-frequency
amplifiers?

Ans. The chief advantage of class A audio operation is that
the output is essentially linear, and distortion is reduced to a
minimum. Also, it may be operated with a single-tube.

Ques. b5.168. Why is correct grid bias important in an
audio-frequency amplifier?

Ans. The correet grid bias is important because it serves to
locate the operating point of the tube at the proper location on
the characteristic curve for the desired operating conditions.

Ques. 5.1569. How may even harmonic energy be reduced
in the output of an audio-frequency amplifier?
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Ans. Harmonic energy may be reduced in the output of an
audio-frequency amplifier by operating the tube with a limited
grid-voltage swing so that the plate current is never driven off
the straight-line portien of the characteristic. In addition,
even harmonie energy may be reduced by working the tubes in
a push-pull circuit, thus canceling out the even harmonics.

Ques. 5.160. Why are class A audio amplifiers not as
critical, insofar as grid-drive requirements are concerned, as
class B audio amplifiers?

Ans. Because plate current flows during the entire excita-
tion cycle. Thercfore, as long as an excitation voltage is
present, an output component will be secured. On the other
hand, with a class B audio amplifier the excitation voltage must
be of the correct value within limits to cause the tube to operate
on the desired portion of the grid-voltage plate-current
characteristic.

Ques. 5.161. Name at least two uses of a class C radio-
frequency amplifier in modern radiotelegraph and radiotele-
phone transmitters.

Ans. A class C radio-frequency amplifier may be used in
the transmitting circuit as follows:

1. As a buffer amplifier.

2. As a power amplifier for class C telegraphy.

3. As a frequency multiplier (usually a doubler).

4. As a modulated radio-frequency amplifier.

Ques. 5.162. Name four causes of excessive plate current
in a radio-frequency amplifier.

Ans. Excessive plate current may be caused in the radio-
frequency amplifier by any of the following:

1. Plate circuit not tuned to resonance.

2. Parasitic oscillations.

3. Improper neutralization.

4. Excessive excitation voltage.
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5. Defective vacuum tube.
" 6. Insufficient bias.

Ques. 5.163. What is the chief advantage of a class B
radio-frequency amplifier, and for what is this type of amplifier
commonly employed?

Ans. The chief advantage of a class B radio-frequency
amplifier is its linearity of operation. It is, therefore, com-
monly used as a final power radio-frequency amplifier or as a
power amplifier following a modulated class C amplifier.

Ques. 5.164. What class of amplifier should be used fol-
lowing a modulated radio-frequency amplifier?

Ans. A class B radio-frequency power amplifier.
Ques. 5.166. Define a class C amplifier.

Ans. A class C amplifier operates with a grid bias, which is
appreciably greater than the cut-off value. The plate current
in each tube is zero when no alternating grid voltage is applied.
The plate current in a specific tube flows for appreciably less
than one-half of each cycle when an alternating grid voltage is
applied. (I.R.E. definition, 1938.)

Ques. 5.166. Why are by-pass condensers used across the
cathode-bias resistors of a radio-frequency amplifier?

Ans. By-pass condensers are used across the cathode bias
resistors of a radio-frequency amplifier tc provide a low react-
ance path for the alternating plate component to return to the
filament. This reduces degeneration and increases the stage
gain.

Ques. 5.167. What is the main advantage of a tuned audio-
frequency amplifier in a receiver used for the reception of
radiotelegraph signals?

Ans. The main advantage of a tuned audio-frequency
amplifier in a receiver used for C-W reception is that with a
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tuned audio-frequency amplifier the receiver will respond to
only one frequency. It is possible, therefore, to decrease inter-
ference by filtering out unwanted signals near the frequency to
which the receiver is tuned.

Ques. 5.168. Whatis the purpose of decoupling networks in
the plate circuits of a multistage audio amplifier?

Ans. When the plate voltage for several tubes of a high-
gain amplifier is obtained from a single source, decoupling
networks are used to prevent the internal resistance of the
power source from acting as a coupling between stages. These
circuits also prevent the coupling of the stages through bleeder
circuit resistors when screen voltage for two or more tubes is
taken from a common tap or through a bias resistor common to
the control-grid circuits of several tubes.

Ques. 5.169. What is a “buffer’”’ amplifier and what are its
applications?

Ans. The purpose of the buffer amplifier is to isolate the
oscillator from the succeeding stages of radio-frequency
amplification. This prevents any reaction between the
modulated radio-frequency amplifiers and the oscillator, which
might cause frequency instability.

Ques. 5.170. For what purpose is a frequency-doubler stage
used in a transmitter?

Ans. The doubler amplifier is used when an output fre-
quency greater than the maximum safe operating frequency of
a crystal oscillator is desired.

Ques. b.171. Describe the operation of a frequency-
doubler stage.

Ans. See Fig. 2-22 for diagram. The tube is biased beyond
the cut-off point. This causes a distorted wave shape in the
plate circuit. The plate L-C circuit is tuned to twice the input
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frequency with the result that strong harmonic voltages are
set up in it by the distorted wave.

Cireuit adjustments in frequency-doubler stages (harmonic
or distortion generators) must fulfill the typical class C
amplifier requirements such as high grid bias, high plate
voltage, and large grid driving power. The distortion charac-
teristics are produced by the single-tube plate-circuit pulses
which are rich in harmonics. The plate tank circuit is then
adjusted to the desired harmonic of the fundamental frequency
pulses.

Another type of frequency doubler is illustrated in Fig. 5-3.
In this circuit the grids are excited in push-pull and the plates
in parallel. Hence, if the plate tank is tuned to twice the
input frequeney, the output frequency is doubled.

Ques. 5.172. Why is neutralization generally necessary in
a radio-frequency amplifier?

Ans. Neutralization is generally necessary in a radio-
frequency amplifier to prevent erratic operation of the circuit
which would occur if the amplifier went into self-oscillation
owing to feedback. Neutralization prevents feedback.

Ques. 5.173. What is the purpose of shielding between
radio-frequency amplifier stages?

Ans.  The purpose of shielding in a multistage radio receiver
is to prevent electrical interaction between the various recerver
components, which interaction would disturb their normal
operation and may result in regeneration or self-oscillation.
Shielding prevents the lines of force surrounding the shielded
component from leaving the area within the shield. Shielding
also prevents any outside lines of force from entering the
shielded compartment.

Ques. 5.174. Describe how a radio-frequency amplifier
stage may be neutralized.

Ans.  (See Ques. 5.98.)
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Ques. 5.1756. In neutralizing a radio-frequency amplifier
stage of a transmitter, using a thermocouple galvanometer as
indicator, what precautions must be observed?

Ans.  When a thermocouple meter is used as an indicator,
care must be taken not to burn the meter out. To prevent
this, the thermocouple should be inserted in a pick-up loop,
which, in turn, can be loosely coupled to the tank circuit of
the amplifier stage being neutralized.

Ques. 5.176. Draw a complete schematic diagram of a
system of inductive coupling between the output of a radio-
frequency amplifier and an antenna system.

Ans. See Fig. 4-7.
Ques. 5.177. Draw a simple schematic diagram showing

a method of link coupling between two radio-frequency
amplifier stages.

Ans. Sce Fig. 3-7.

Ques. 5.178. Draw a simple schematic diagram showing
a method of direct coupling between two stages of an audio-
frequency amplifier.

Ans.  See Figs. 2-12 and 3-12.
Ques. 5.179. Draw a simple schematic diagram showing a

method of impedance coupling between two stages of a radio-
frequency amplifier.

Ans. See Fig. 2-14.
Ques. 5.180. Draw a simple schematic diagram showing a

method of inductive or transformer coupling between two
stages of a radio-frequency amplifier.

Ans.  See Fig, 2-16.

Ques. 5.181. Discuss the characteristics of a dynatron
oscillator.

Ans. The characteristics of a dynatron type of oscillator
are as follows:
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1. A well-designed dynatron has a frequency stability which
compares favorably with that of the crystal oscillator without
temperature control.

2. Its efficiency is low,

3. It can be used in a heterodyne wavemeter. When so
used, the sharpness of indication of the meter is increased
because the dynatron neutralizes the positive resistance of
the wavemeter circuit. This it does by virtue of the negative
resistance of the tube operating as a dynatron.

Ques. 5.182. What type of oscillator depends upon second-
ary emission from the anode for its operation?

Ans. The dynatron oscillator.

Ques. 5.183. What is the primary reason for the suppres-
sion of radio-frequency harmonics in the radio-frequency out-
put of a transmitter?

Ans. To prevent interference on other channels, which
are in harmonic relation to the fundamental frequency being
transmitted.

Ques. 5.184. In a radiotelegraph transmitter employing a
direct-current generator as a source of plate voltage, an
alternating-current generator as filament supply and grid-
bias keying, if it is noted that when the key contacts are open
the emission continues, what could be the trouble?

cAns. This would indicate that no blocking bias is being
applied to the tubes. This might be caused by a burned-out
bias resistor or a defect in the bias circuit. It might also be
due to a short-circuited key-click condenser, the relay key
contacts may have stuck, or the relay key may be defective.

Ques. 5.185. What is the purpose of an electrostatic shield?

Ans.  An electrostatic shield, also known as a Faraday
screen, 1s used between the plate-tank coil of the final radio-
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frequency power amplifier and the antenna coil coupled to it.
The purpose of this shield is to reduce the radiation of har-
monic energy. This it does by effectively looscning the
coupling between the two coils and providing a low-reactance
path to ground for the harmonic frequencies.

Ques. 5.186. What is the advantage of link coupling
between radio-frequency amplifier stages?

An-. Link coupling reduces the radiation of harmonic
frequencies. Another advantage of link coupling is that it
permits the construction of the various amplifier stages as
separate units, these units being effectively coupled by a low-
impedance line with coupling loops, consisting of one or two
turns of wire, at each end, known as the link circuit.

Ques. 5.187. Draw a simple schematic diagram showing
how a radio-telegraph transmitter may be keyed by the grid-
blocking method.

Ans.  See Iig. 5-4.

GRID
CHOKE
GRID i
LEAK
g
>—J\R<>
KEY
A ¥8 |
VOLTAGE =
DIVIDER
-y -
TO HIGH VOLTAGE
SUPPLY

F1c. 5-4. Grid-blocking keying system.
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Ques. 5.188. By what means may a high-power radio-
telegraph transmitter be keyed?

Ans. The most satisfuctory means of keying a high-power
radiotelegraph transmitter is by the so-called grid-blocking
system. With this system a grid bias sufficient to block the
power amplifier is applied when the key is up. The key is
connected to shunt the bias resistor, thus removing the bias
when the key is down. When the bias is removed, the signal
wave is emitted by the transmitter.

Another system is the grid-choke method. In this system
a choke heavy enough to stop oscillation of the tube is placed
in the grid of the oscillator tube and known as a “Kkeying
choke.” This choke is short-cireuited when the key or keying-
relay contacts are closed which permits the tube to oscillate;
hence, keying is accomplished.

In connection with crystal-controlled transmitters, it is
generally undesirable to key the oscillator or the buffer
amplifier, as to do so would disturb the frequency stability of
the transmitter. The practice with these transmitters is to
key the stages following the buffer amplifier, usually by the
grid-blocking system.

Ques. 5.189. What is meant by “grid block keying”?

Ans.  (Sce preceding answer.)

Ques. 5.190. Draw a simple schematic diagram of a key-
click filter suitable for use when a vacuum-tube transmitter
is keyed in the negative high-voltage circuit.
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G 1

Ans. See Fig. 5-5.

e - ;
= KEY & II ¥
'
i KEY CLICK «
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Fig. 5-5. Key-click filters.

Ques. 5.191. Draw a simple schematic diagram of a
system of keying in the primary of the transformer supplying
high voltage to a vacuum-tube transmitter. Indicate any
values of inductance, resistance, capacitance which may be
deemed necessary to fully understand the correct operation
of this type of keying.

Ans.  See Fig. 5-6.

POWER
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Fia. 5-6. Transformer-primary keying system.
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Ques. 5.192. A transmitter is operating on 5,000 kilocycles,
using a 1,000-kilocycle crystal with a temperature coefficient
of —4 cycles/megacycle/degree centigrade. If the crystal
temperature increases 6 degrees centigrade, what is the
change in the output frequency of the transmitter?

Ans.  4,999.88 kilocyeles is the new frequency.

Ques. 5.193. What may cause a positive carrier shift in
a linear radio-frequency amplifier output?

IS

Ans. Some possible causes of positive carrier shift are
Improper neutralization.

Excessive grid bias.

Improper value of load impedance.
Overmodulation.

Insufficient excitation of modulated tube(s).

(See Ques. 6.42.)

Cr N~

Ques. 5.194. What is the second harmonic of 380 meters?

Ans. 190 meters.

Ques. 5.195. What is the effect of excessive coupling
between the output circuit of a simple oscillator and an
antenna?

Ans. Excessive coupling will cause what is known as a
“split tuning.” The load impedance coupled to the oscil-
lator is an equivalent impedance which is the resultant of the
impedances of the closed- and open-oscillatory circuits. It is
impossible to keep both of these impedances exactly alike.
Changes in tube constants during operation vary the imped-
ance of the closed-oscillatory circuit, while changes in antenna
capacity, caused by antenna movement, vary the impedance
of the open-oscillatory circuit. If the coupling is tight, the
difference between these two impedances is enough to present
a broad or “two humped” load-impedance characteristic to
the tube. However, it chooses the lowest impedance. If
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the lowest value shifts from one circuit to the other, the
frequency jumps with the shift. Split tuning can be avoidec
by using a loose coupling adjustment, although it must b
borne in mind that loosening the coupling also reduces th
radiated power. The plate current will rise and may seriousls
overheat the tube if coupling is too tight.

Ques. 5.196. A station has an assigned frequency o
8,000 kilocycles and a frequency tolerance of plus or minu:
0.04 per cent. The oscillator operates at one-eighth of the
output frequency. What is the maximum permitted devia.
tion of the oscillator frequency, in cycles, which will not exceec
the tolerance?

Ans. 400 cycles, computed as follows:
3.2:8,000 = X:1,000; X = 0.4kilocyele; X = +400cycles

Ques. 5.197. What is meant by “self-wiping” contacts at
used in connection with relays?

Ans. “Self-wiping” contacts are contacts which slide
together instead of butt together. All modern relays are con
structed with self-wiping contacts.

Ques. 5.198. Why are permanent magnets used in heac
telephones? In direct-current meters?

Ans. To polarize the headphones so that positive curren
peaks deflect the diaphragm in one direction while negative
peaks deflect it in the opposite direction.

Permanent magnets are used in direct-current meters t
insure the operation of the meter according to the polarity
markings on its terminals. Permanent magnets, as used ir
direct-current meters, serve to increase the accuracy of the
meter and provide a fixed field which produces a torque in the
moving coil in proportion to the current flowing in the coil.

Ques. 5.199. What devices may be used as indicators o:
radio-frequency energy?

312



RADIOTELEGRAPH Element 6

Ans. The following devices may be used as indicators of
radio-frequency energy:

1. Thermocouple galvanometer.

2. Hot-wire ammeter.

3. Neon bulb.

4. Carbon-filament glow lamp.

Ques. 5.200. What is the correct value of negative grid
bias, for operation as a class B amplifier, for a vacuum tube of
the following characteristics : Plate voltage 1,000, plate current
127 milliamperes, filament voltage 4 volts, filament current 5.4
amperes, mutual conductance 8,000 micromhos, and amplifica-
tion factor 2567

Ans. 42 volts, computed as follows:

Cut-off point = E_“_p = —IQ(.)—O = 40 volts plus one-half the fila-

ment voltage equals 42 volts.
Ques. 5.201. Is an oscillator ever neutralized? Discuss.

Ans. No. Neutralization is used for the purpose of pre-
venting oscillation and the feedback of energy between the
plate and grid circuits. As the primary purpose of an oscilla-
tor is to oscillate, and as the feedback of energy from the plate
to the grid circuit is necessary for oscillation, the oscillator,
obviously, is never neutralized.

Ques. 5.202. What is the definition of “type B” emission?

Ans. The “type B wave” may be defined as a damped
wave. A damped wave is one in which the energy decreases
progressively with each oscillation until the wave train dies out.

Ques. 5.203. Define type Al, A2, A3, and A4 emission.
Ans.  (See Ques. 3.16+ and 6.29.)
Ques. 5.204. In the aerial mobile service, what is the

maximum period of time that operation of 333 kilocycles is
permitted?
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Ans.  In no case, in the acronautical mobile service, must
the work on 333 kilocycles (900 meters) exceed 5 minutes.

Ques. 5.206. Who may authorize tests or experiments by
other than mobile stations?

Ans.  The FCC inspector in charge of the district in which
the transmitter is located.

Ques. 5.206. What is the maximum period of time during
which test V’s may be transmitted for purposes of adjusting a
transmitter?

Ans. When it is necessary to make test signals, either for
the adjustment of a transmitter before transmitting the call,
or for the adjustment of a receiver, these signals must not last
more than 10 scconds, and they must be composed of a series
of Vs followed by the call signal of the station transmitting for
the tests.

Ques. 5.207. In all cases other than those in which the
transmitter output must be maintained at a fixed value,
what amount of power should be employed for routine
communications?

Ans. In all circumstances, except in case of radio com-
munications or signals relating to vessels in distress, all radio
stations, including those owned and operated by the United
States, shall use the minimum amount of power necessary to
carry out the communication desired.

Ques. 5.208. What is the radiotelegraph urgent signal?

Ans.  In radiotelegraph, the urgent signal shall consist of
the group XXX transmitted three times, with the letters of
cach group, as well as the consecutive groups, well separated;
it shall be sent before the call.

Ques. 5.209. What is the urgent signal for radiotelegraph
use in the aeronautical service?
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Ans. In the aeronautical service, the urgent signal PAN
shall be used in radiotelegraphy and in radiotelephony to
indicate that the aircraft transmitting it is in trouble and is
forced to land, but that it is not in need of immediate help.
This signal should, as far as possible, be followed by a message
giving additional information.

Ques. 5.210. What is the meaning of the spoken expression
MAYDAY?

Ans. In radiotelephony, the distress signal shall consist of
the spoken expression MAYDAY (corresponding to the
French pronunciation of the expression m’aider).

Ques. 5.211. In radiotelegraphy, what is the safety signal?

Ans. In radiotelegraphy, the safety signal shall consist
of the group T'TT, transmitted three times, with the letters of
each group, as well as the consecutive groups, well separated.
This signal shall be followed by the word DE and three trans-
missions of the call signal of the station sending it. It
announces that this station is about to transmit a message
concerning the safety of navigation or giving important
metecorological warnings.

Ques. 5:212. What is the maximum transmission speed to
be used in connection with distress, emergency, or safety
transmissions?

Ans.  When distress, emergencey, or safety is involved, the
telegraph transmission speed, in general, must not exceed
16 words per minute. -

Ques. 5.213. What is the general call “to all” stations?

Ans.  T'wo types of call signals “to all”” shall be recognized:
1. The C'Q call followed by the letter K.
2. The CQ call not followed by the letter K.
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Ques. 5.214. What is the radiotelephone urgent signal?

Ans. In radiotelephony, the urgent signal shall consist of
three transmissions of the expression PAN (corresponding to
the French pronunciation of the word panne); it shall be
transmitted before the call.

Ques. 6.2156. What is the radiotelegraph distress signal?

Ans. In radiotelegraphy, the distress signal shall consist of
the group + + ¢ mm e .+« (SOS) transmitted as one signal, in
which the dashes must be emphasized so as to be distinguished
clearly from the dots.

Ques. 6.216. What classes of stations may be operated by
the holder of a radiotelegraph permit?

Ans.  Any station while using type 13, A0, A1, A2, A3, or
A4 emission, provided that, in the case of equipment designed
for and using type A3 or A4 emission,

1. Such operator is prohibited from making adjustments
that may result in improper transmitter operation.

2. The equipment is so designed that none of the operation
necessary to be performed during the course of normal rendi-
tion of service may cause off-frequency operation or result in
any unauthorized radiation.

3. Any needed adjustments of the transmitter which may
affect proper operation of the station are regularly made by
or in the presence of an operator holding a first- or second-class
license, either telephone or telegraph, who shall be responsible
for the proper operation of the equipment.

Exceptions: 1. The permit is not valid for the operation of
any of the various classes of broadcast stations other than a
relay broadecast station.

2. The permit is not valid for the operation of a ship station
licensed to use type A3 emission for communication with
coastal telephone stations.
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3. The license is not valid for the operation of a radio-
telegraph station on board a vessel required by treaty or
statute to be equipped with a radio installation.

4. The license is not valid for the operation of any ship
telegraph, coastal telegraph, or marine-relay station open to
public correspondence.

Ques. 5.217. For what period of time must a station log,
which contains entries incident to a disaster, be retained?

Ans.  Logs containing distress entries shall be retained by
the licensee until specifically authorized by the Commission to
destroy them.

Ques. 5.218. Define meaning of *frequency tolerance.”

Ans.  The amount of frequency variation allowed under the
regulations of the FCC for the particular class of station.

Ques. 5.219. Under what circumstances may a station be
operated by an unlicensed person?

Ans. The actual operation of all licensed transmitting
apparatus must be carried on by a licensed operator. How-
ever, it is provided that the Commission, if it finds that the
public interest, convenience, or necessity will be served
thereby, may waive or modify the provisions requiring the
licensed operator, except under certain special conditions, as
outlined in Section 318 of the Communications Act of 1934.

Ques. 5.220. If an operator is employed at more than one
station, how may he comply with the rule requiring the posting
of operator licenses? )

Ans. The holder of an operator license who operates any
station in which the posting of an operator license is not
required may, upon filing application in duplicate, accom-
panied by his license, obtain a verification card. This card
may be carried on the person of the operator in lieu of the
original operator license, provided the license is readily
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accessible within a reasonable time for inspection upon demand
by an authorized Government representative.

Ques. 5.221. If, upon being called by another station, a
called station is unable to proceed with the acceptance of
traffic, what should the operator of the called station do?

Ans. If the station called is prevented from receiving, it
shall reply to the call as indicated in the Regulations, but it
shall replace the letter K by the signal . e ... (wait), fol-
lowed by a number indicating in minutes the probable duration
of the wait. If this probable duration exceeds 10 minutes
(5 minutes in the acronautical mobile service), a reason must
be given therefor.

Ques. 5.222. What is the definition of a ‘‘station open to
public service”?

Ans. A station open to publie correspondence at published
rates, that is, a paid or toll message service.

Ques. 5.223. Under what circumstances may the Com-
mission authorize the remote control of a radiotelegraph trans-
mitter, with the operator at a point other than the location of
the transmitter proper?

Ans. The Commission may modify the rule requiring an
operator on duty at the place where the transmitter is located,
provided that, upon proper application, a showing is made that
such operator or operators may be on duty at the control
station in licu of the place where the transmitting apparatus is
located.

In the case of two or more stations, except amateur and
broadeast, using frequency above 30,000 kilocycles only, a
licensed radio operator of any class, except amateur or holder
of restricted radiotelephone or radio telegraph operator permit,
who huas the station within his effective control, may be on
duty at any point within the communication of range of such
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stations in lieu of the transmitter location or control point
during the actual operation of the transmitting apparatus.

Ques. 5.224. How is an experimental station restricted
with regard to message traffic?

Ans.  Experimental stations shall not be used to conduct
general message traffic of any kind, to demonstrate equipment
for prospective sales purposes, to transmit programs for direct
entertainment, to transmit the programs of any other station,
except in conjunction with experimental programs, or to
render any commercial communication service or communica-
tions involving advertising, either directly or indirectly, sub-
ject to specific limitations and restrictions which will be
prescribed in individual cases by the Commission. This
authority will be granted only for special reasons to obtain
information or data which give promise of being of benefit to
the radio art.

Ques. 5.2256. Describe the procedure of a radiotelegraph
transmission in which one station calls another.

Ans. The call shall consist of the following:

L. The call signal of the station called transmitted not more
than three times.

2. The word DE.

3. The call signal of the ecalling station transmitted not
more than three times.

Ques. 5.226. What is the total reactance when two
capacitances of equal value are connected in series?

Ans.  The reactance value in ohms is doubled.

Ques. 5.227. What are the effects of overexcitation of a
class B amplifier grid circuit?

Ans.  Overexeitation of the amplifier grid may cause an
excessive value of grid current to flow which may seriously
overload the tube and possibly ruin it. The regulation and
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plate-circuit linearity will be completely lost owing to the
loading effect upon the plate current. The plate efficiency
will be greatly reduced and the power output correspondingly
lowered. Plate dissipation may rise to abnormal values.
Harmonic distortion will also be caused by overexcitation.
(See also Ques. 5.57.)

Ques. 5.228. Name four devices that could be used to
indicate oscillation in a crystal oscillator.

Ans. A direct-current milliammeter in series with the grid
leak of the oscillator; the plate direct-current milliammeter;
radio-frequency ammeter in the plate-tank circuit; radio-
frequency galvanometer in the grid circuit; a neon tube placed
near the grid or plate oscillatory leads; a wavemeter and lamp
indicator placed near to the plate-tank circuit.

Ques. 5.229. What is the effect of loose laminations in a
filter choke?

Ans.  Loose laminations may produce a chattering or hum.
The inductance may also be affected.

Ques. 6.230. What is a desirable feature of an electrolytic
condenser as compared with other types?

Ans.  Much greater capacity is obtainable with smaller
physical dimensions as compared with other types. A wet
type of electrolytic condenser also possesses self-healing
properties.

Ques. 5.231. Why is an additional plate-grid feedback
condenser sometimes necessary in a crystal oscillator?

Ans. The feedback condenser is sometimes employed to
supply sufficient increment to start the crvstal oscillating.
This is particularly true where the internal grid-plate capacity
of a tube is low, such as with the screen-grid types of tubes.
The condenser must, however, be very small since excessive
voltage surges to the quartz plate may fracture it.
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Ques. 5.232. Who may authorize tests or experiments by
stations other than mobile stations?

Ans. (This is a duplicate of Ques. 5.205.)

Ques. 5.233. Describe the construction and the operation
of rectifier tubes that are used for charging batteries. Draw
a diagram of a battery-charging circuit employing such a tube.

Ans. Figure 5-7 illustrates a typical Tungar rectifier for
battery-charging requirements from an alternating-current
supply source. (See also Ques. 3.185.)
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F1a. 5-7. Tungar-Rectigon type of rectifier battery charger.

Ques. 5.234. Draw a simple schematic diagram of a recti-
fier and filter for supplying plate voltage to a radio receiver.

Ans. See Fig. 5-8.
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Fi1c. 5-8. Rectifier and filter plate supply system.
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Ques. 5.235. In a rectifier and filter power supply what is
the relationship between the ripple frequency in the output of
the filter and the input frequency to the rectifier?

Ans.  (See Ques. 1173, 5.93.)

Ques. 5.236. Compare the advantages and disadvantages of
high-vacuum and hot-cathode mercury-vapor rectifier tubes.

Ans. (See Ques. 2,181, 2,182, 3.83, 1.176, 6.106, 6.107.)

Ques. 5.237. Draw a simple schematic diagram of a cold-
cathode electron tube connected as a voltage regulator. Asa
rectifier.

Ans.  Sce Fig. 3-9.
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NOTE:

USE OF GROUND DEPENDS ON
CIRCUIT REQIREMENTS

Fia, 59, Cold-eathode or glow-discharge tube reetifier and regulator.,

Ques. 5.238. What is meant by “regulation” of a power
supply? What causes poor regulation?

Ans. The “regulation™ of a power supply is its ability to
sustain a constant output voltage under normal varying load
conditions,

Poor regulation may be due to excessive power-supply drain
(overloading), insufficient or open bleeder resistance, open
filter condenser, defective reetifier tube, defective voltage
regulator tube (if used), insuflicient filter capacitance, defec-

322



RADIOTELEGRAPH Element §

tive input coil, or high resistance in the filter chokes. (Sce
Ques. 3.99.)

Ques. 5.239. Why are small resistors sometimes placed in
series with each plate lead of mercury-vapor rectifier tubes
connected in parallel?

Ans.  (See Ques. 4.176.)

Ques. 5.240. Why should the temperature of the filament
or heater in a mercury-vapor rectifier tube reach normal oper-
ating temperature before the plate voltage is applied?

Ans.  The filament should be heated for approximately one-
half minute before applving the anode potential to insure
vaporization of the mercury and to protect the filament from
excessive strain.  If the plate voltage is applied before the
filament temperature is raised to normal, the heavy positive-
ion bombardment on the filament may break off the active
material and decrease its effective emission. .\ new mercury-
vapor tube should be heated for at least 20 minutes without
plate potential to insure proper distribution of the mercury.

Ques. 5.241. A storage battery with a terminal voltage of
12.5is to be trickle charged at a 0.6-ampere rate. What value
of resistance should be connected in series with the battery if
the trickle charge is to be made from a 110 volt direct-current
line?

Ans. 195 ohms.

Solution:

— = — (: i
R = ] 05 = 195 ohms

Ques. 5.242. If the power input to a radio receiver is 75
watts, how many kilowatt-hours does the receiver consume in
24 hours of continuous operation?
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Ans. 1.8 kilowatt-hours.
Solution:

75 watts = (0.075 kilowatts.
0.075 X 24 = 1.8 kilowatt-hours (1,800 watt-hours).

Ques. 5.243. What is the purpose of a center-tap con-
nection in a filament supply transformer?

Ans.  (See Ques. 3.179.)

Ques. 5.244, Name two devices that are sometimes de-
signed for use on a three-phase power supply. Does a radio
receiver ordinarily use single-phase or three-phase power?

Ans. Transformers (delta, V, or Y), polyphase motors,
mercury-are and mercury-vapor rectifiers. Certain types of
high-power transmitters, motor generators, and remote-con-
trol devices are sometimes designed for three-phase power sup-
ply. Radio receivers ordinarily use single-phase power
supplies.

Ques. 5.245. What is a thermocouple?

Ans. A thermocouple or thermojunction is composed of two
dissimilar metals or wires welded together at one point to form
a contact of the two metals.  When the junction is heated by
the flow of alternating or direct currents, it will develop an
e.m.f. at the free ends of the couple which may be used for
deflecting a sensitive galvanometer to read the flow of radio
frequency currents. Nee Fig. 2-29. Some types of thermo-
couples are composed of copper-constantan, nickel-zine,
cadmium-selenium, constantan-steel, or iron-tellurium.

Ques. 5.246. What are some uses of copper oxide recti-
fiers?
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Ans. Copper oxide rectifiers are commonly used in con-
junction with electric meters, battery chargers, plate power
supplies, relays, and vacuum tubes for the conversion of
alternating- to direct-current requirements.

Ques. 5.247. Explain methods whereby radio interference
from motors and generators can be eliminated.

Ans.  (See Ques. 3.200 and 3.216.)

Ques. 5.248. Describe the construction of a dynamotor.
What are its operational characteristics?

Ans. (See Ques. 3.215.)

Ques. 5.249. Why do some superheterodyne receivers
employ a crystal oscillator in the first detector?

Ans. Crystal oscillators are used in some types of com-
mercial superheterodyne receivers in the first detector or
mixer stage to insure a maximum frequency stability and
calibration for one specified operating frequency. LFach
erystal (if a number are used) is limited mainly to one operating,
frequency where maximum preeision and selectivity are desired.
Its use is particularly desirable where single-channel reception
is required.

Ques. 5.250. Draw a block diagram of an FM superhetero-
dyne receiver capable of receiving continuous-wave radio-
telegraph signals.
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Ans. See Figs. 3-14 and 5-10.

F.M. RECEIVER
DIPOLE (DOUBLET) ANT.

e 4.3 MC 2ND
R p=> MIXER Fit-id MIXER
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l 3RD DET 1ST ,
s AN > LI|MS11.’ER *(?«'Erconal%la- SauE h ngiﬂ on
F. AMP. 2 UEL 3
455 KC/S RATIO DET.) AMP LS
Jsw.
C gEaT |
} FREQ. |
| osc.
(Cw SIS )

¥16. 5-10. Triple detection FM superheterodyne for mobile, land, and ship
communication.

Ques. 5.261. Draw a block diagram of a superheterodyne
receiver designed for reception of FM signals.

Ans.  See Fig. 3-14.

Ques. 5.262. Draw a block diagram of a tuned radio-
frequency type receiver.

Ans.  See Figs. 3-20 and 5-11.

ANT
187 2 ND I REGEN 187 2 ND L) TEL.
RF ™ RF DETECTOR AF — AF OR
amP amp (FOR CW) AMP AMP L.S.
GROUND
Fia. 5-11.
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Ques. 5.263. How should a superheterodyne communica-
tions receiver be adjusted for maximum response to weak CW
signals? To strong CW signals?

Ans.  For weak-signal C'W reception it is advisuble to in-
crease the radio-frequency gain control to a sufficiently high
level and adjust the audio-frequency gain control to a point on
which the output noise level is of a moderate intensity. The
AVC switeh should be in the QN position for general listen-
ing-in purposes but may be opened for weak signals reception.
"This would depend on the intensity of the prevailing noise level.

For strong-signal CW reception the adjustment is essentially
the same with the exception that the AVC switch must be in
the ON position and the radio-frequency and audio-frequency
gain controls adjusted to a comfortable volume and low noise
level. It is advisable sometimes when receiving very strong
signals to increase the beat frequency oscillator beat response
by reducing the RF gain and increasing the AF gain control
settings.

Ques. 5.264. What is the purpose of a crystal filter in the IF
stage of a superheterodyne communications receiver? Under
what conditions is this filter used?

Ans. A crystal filter sharpens the signal response (de-
ereases the band width) and thereby reduces interference dur-
ing CW reception. It also increases the signal-to-noise ratio
in the receiver.

The extremely sharp tuning provided by a crystal filter
facilitates more selective CW code reception on a particular
frequency in the narrow and crowded marine high-frequency
bands.  (See also Ques. 5.84.)

Ques. 5.2556. Draw a simple schematic diagram of an FM

receiver discriminator.

.ins.  See Fig. 4-20.
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Ques. 5.2566. After long periods of listening to a CW tele-
graph signal of constant tone, what adjustment can the operator
make to a radio receiver to relieve hearing fatigue?

Ans. Adjust the beat frequency oscillator (BFO) fre-
quency control or trimmer condenser to a different tonal beat
frequency, preferably a low audio-frequency tone. Decrease
the audio-frequency volume-control setting to a moderate
tone level.

Ques. 5.267. Draw a simple schematic diagram of a diode
detector.

Ans. See Figs. 2-18 and 4-19.

Ques. 6.268. Draw a dimple schematic diagram of a two-
stage audio amplifier.

Ans.  See Fig. 2-13.

Ques. 5.259. Describe the construction of a pentode
vacuum tube. A beam-power vacuum tube. In what types
of circuits do these tubes find application?

Ans. (See Ques. 3.185.) Pentode tubes find their applica-
tion primarily as radio-frequency voltage and power amplifiers
in transmitting and receiving circuits.

Beam-power tubes are extensively used as class A power
amplifiers in audio-frequency systems. They also find wide
application as class B and class C radio-frequency amplifiers
in marine and broadcast transmitting systems.

Ques. 5.260. Draw a simple circuit diagram showing the
principle of operation of an ohmmeter.

Ans. (See Ques. 3.208.)

Ques. 5.261. In the operation of a class B audio-amplifier
stage, should the plate current fluctuate or should it remain at
a steady value?
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Ans. The plate current will fluctuate during signal
reception.

Ques. 5.262. What is the function of a grid leak in a class C
amplifier?

Ans. The grid leak serves as a protective device during
grid excitation in the event of a short circuit or open grid-bias
supply. The grid leak under these conditions develops an
automatic bias and thereby limits the plate-current rise and
possible dumage to the tube or other plate-cireuit components.

Ques. 5.263. Draw a simple schematic diagram of a
Hartley oscillator. A Pierce oscillator. A Colpitts oscillator.

Ans.  See Figs. 2-2, 2-6, and 5-12.
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Ques. 5.264. In a series-fed plate circuit of a vacuum-tube
amplifier, what would be the result of a short circuit of the
plate by-pass condenser?

Ans. The power supply would be short-circuited, and a
heavy current drain would flow in the power-supply eircuit.
The rectifier tube, choke coil, or plate milliammeter may burn
out as a result.

Ques. 5.265. In a shunt-fed plate-circuit of a vacuum tube
amplifier what would be the result of a short circuit of the
plate RF choke coil?

Ans.  (See Ques. 3.180.)

Ques. 5.266. What determines the fundamental operating
frequency of a multivibrator oscillator?
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Ans.  (See Ques. 4.182.)

Ques. 5.267. Draw a block diagram of a MOPA radio-
telegraph transmitter with the master oscillator operating on
2017.5 kilocycles and the transmitter output on 8,070 kilocycles
per second.

Ans.  See Fig. 5-13.

20175 KC 4035 KC 8070KC  80TOKC
— — —- —

MASTER ST 2ND L_)R?NS"‘I"kGE
0SC  |~»DOUBLER [™DOUBLER (POWER
20175 KC RF AMP RF AMP AMP

28;—;2“" FREQUENCY MULTIPLICATION REQUIRED —L

Fra. 5-13.

Ques. 5.268. Does the code speed or number of words per
minute transmitted have any effect on the band width of the
emission from a radiotelegraph transmitter?

Ans. At normal code speeds of 20 words per minute and
with a transmitter designed for a minimum of transient
responses under load changes (keying), the band width will
increase slightly. However, at high-speed keying, the possi-
bility of generating transients is considerably greater and
consequently the band width may be increased to an even
greater degree. Any condition in a transmitter which intro-
duces abrupt voltage changes in the power supply during the
keying process will increase the harmonic content of the wave
and will therefore increase the band width.

The analysis of a keyed continuous wave may be based upon
the consideration that the same situation would result by 100
per cent modulation of a square wave.

Since a square wave consists of an infinite number of odd
harmonies, modulation by it will produce an infinite number
of side frequencies. Fortunately, however, the amplitudes of
these harmeonics decrease very rapidly, so that the higher order
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harmonies may be in general neglected.  In practice, the first
twenty-odd harmonics (1-39) are adequate to reproduce
the square wave satisfactorily. On this basis, a wave keyed
at 100 words per minute, which is equivalent to square-wave
modulation at 40 cycles per second, will have significant side
frequencies which will oceupy a band width of approximately
2 X 40 X 40 = 3,200 cycles per sccond.

In actual equipment, there are often additional circuit
transients during the keying process which may contribute
higher order harmonics of considerable magnitude. This
produces the well-known “key clicks.”

Ques. 5.269. In the transmission of the International
Morse Code what are the relative time lengths of dashes, dots,
and spaces?

Ans. At code speeds of 16 words per minute the relative
time length of dashes, dots, and spaces is approximately 3.5
to 4.5, 0.01, and 1 to 1.5 seconds, respectively. (See Ques.
6.184.)

Ques. 6.270. Draw a block diagram of an FM transmitter.

Ans.  Sce Fig. 5-14.

HIGH FREQ
DOUBLET

I ST 2ND 3RD FINAL

CRYSTAL [ | R F amp RFAMP | | RFAMP RF

0SCILLA (Qua- (QuUA- DRIVER POWER
DRUPLER)| |DRUPLER)| |DOUBLER A

REAC-
Moo POWER SUPPLY
TOR

ASSUMING:-
AN OPERATING FREQ. OF 34,1 MC/S
THE CRYSTAL FREQ. REQUIREMENTS WOULD 8E 1065.625 XC/S
[4:412 32 * FREQ. MULTIPLICATION REOUIREO]

Fia. 5-14.
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Ques. 5.271. Show by a diagram how a radiotelegraph
transmitter can be keyed by the use of a keying relay.

ns. See Figs. 5-6 and 6-5.

Ques. 5.272. If a transmitter is adjusted for maximum
power output for telegraph operation, why must the plate volt-
age be reduced if the transmitter is to be amplitude-modulated?

Ans. If the transmitter is adjusted to maximum power out-
put for C'W operation, the plate power must be decreased for
amplitude modulation to accommodate the audio-frequency
side-band power without overloading the power-amplifier
tubes. (See Ques. 6.26.)

Ques. 5.273. List the various points in a radiotelegraph
transmitter where keying can be accomplished.

Ans.  In series with the center-tap or cathode return lead
of the first or second amplifier tube or in the grid circuit of a
separate keying tube. (Sce also Ques. 5.187 to 5.190.)

Ques. 5.274. A certain keying relay coil has a resistance of
500 ohms and is designed to operate on 125 milliamperes. If
the relay is to operate from a 110-volt direct-current source,
what value of resistance should be connected in series with the
relay coil?

Ans. A 500-ohm relay coil of these specifications would
require a series resistance of 380 ohms.

Solution:

By = IR = 0.125 X 500 = 62.5 volts.
(110 — 62.5 = 147.5 volts)
E 47.5

R, = T =012 = 380 ohms.

Ques. 5.276. What is meant by break-in operation at a
radiotelegraph station, and how is it accomplished?
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Ans. Break-in operation in a marine telegraph system is
that condition which permits an operator to “listen in”’ during
the period of transmission. When the Morse hand key is in
the break or open position, a separate pair of relay contacts
close the antenna and receiver circuits.  This enables the other
operator to interrupt transmission in the event of interference
or break in message continuity.

Ques. 5.276. What is meant by frequency shift keying and
how is it accomplished?

Ans.  Irequency shift keying is essentially a narrow-band
frequency-modulation system. In this system, information is
transmitted by shifting the carrier frequeney back and forth
between two specific frequencies to designate marks and spaces,
instead of the conventional on-and-off method of keying. 1t is
used primarily for automatic code transmission and reception of
telegraph, facsimile, teletype, and radiophoto signals.

Frequeney shift keying in code transmission is generally
accomplished by varying the crystal oscillator frequency
through the means of an electronic modulator (reactance tube
modulator) connected across the quartz plate. This causes
the frequency of the erystal to be shifted in accordance with
the required markers and spaces to be transmitted.

Ques. 5.277. Why does harmonic radiation from a trans-
mitter sometimes cause interference at distances from a trans-
mitter where the fundamental signal cannot be heard?

Ans. Harmonie radiation of high-frequency transmitters
may cause interference at remote points due to the Heaviside
or ionosphere layer reflections.  Since harmonics are at higher
frequencies than the fundamental operating frequency, their
transmission characteristics may be entirely different from the
normal frequency due to critical angles of reflection which
vary throughout the season and time of the day. This
phenomenon is commonly referred to as “skip distance.”
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Ques. 5.278., What is meant by polarization of a radio
wave? How does polarization affect the transmission and
reception of a radio wave?

Ans.  (See Ques. 3.199 and 3.200.)

Ques. 5.279. What is meant by harmonic radiation?

Ans.  Harmonie radiation refers to the transmission of the
undesired frequencies which are an integral multiple part of the
fundamental operating frequency.  (See also Ques. 2.237.)

Ques. 5.280. How may harmonic radiation of a transmitter
be prevented?

Ans.  Harmonie radiation may be prevented by special
attenuator or trap circuits in the output of the transmitter or
transmission line. Such factors as high C/L tank circuit
ratio, loose coupling, balanced power-amplifier outputs, im-
pedance matching, and breaking up of metal supports such as
guy wires are important requirements toward the reduction of
harmonies. See also Figs. 4-7, 4-8.

Ques. 5.281. Draw a diagram showing how current varies
along a half-wavelength Hertz antenna.
Ans. See Fig. 3-22.

Ques. 5.282. What is the difference between a Hertz and a
Marconi antenna?

Ans. The llertz antenna is a half-wave ungrounded
radiator or dipole. The Marconi antenna is a quarter-wave
grounded antenna of the inverted variety.

Ques. 5.283. Why is an artificial antenna sometimes used
in testing a transmitter?
Ans.  (See Ques. 3.76 and 6.140.)
Question. 5.284. Draw a simple schematic diagram of a

wave trap in an antenna circuit for attenuating an interfering
signal.

334



RADIOTELEGRAPH Element 6

Ans. See Fig. 3-19.  (See also Ques. 2.270.)

Ques. 5.285. What are the advantages and disadvantages
of using an absorption-type wavemeter in comparison to other
types of frequency meters?

Ans. The advantage of the absorption-type wavemeter is
simplicity of operation. However, since it is generally placed
near the transmitter and is a power-absorbing device, it is not
very selective.  Care must also be exercised to prevent burn-
ing out the galvanometer or lamp indicator when testing
transmitters.

Ques. 5.286. Draw a simple schematic diagram of an
absorption-type wavemeter.

Ans.  (Sce Ques. 3.207.)

Ques. 5.287. What are cavity resonators, and in what type
of radio circuits do they find application?

Ans.  (See Ques. 3.211.)

Ques. 5.288. What are wave guides, and in what type of
radio circuits do they find application?

Ans.  (See Ques. 3.211.)

Ques. 5.289. What determines the operating frequency of
a magnetron oscillator? A klystron oscillator?

Ans. The operating frequency of a magnetron is primarily
dependent upon its physical structure and its associated
powerful permanent magnet. The magnetron’s physical
strueture is in the form of a eylinder of copper with holes, or
cavities, and a cathode, inside. The holes are called the
resonant cavities, because they are capable of sustaining a
definite frequency. The cavity “tuning” depends upon the
size and shape of the holes. The smaller the cavity the higher
the frequency.

Other factors which affect the operating frequency are the
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pulse voltage, the strength of the magnetic field, the cathode
voltage, the anode potential, and the radio-frequency tuning
adjustments. Split-anode-type magnetrons use either two-
wire resonant lines with movable shorting bars or small tank
circuits of L and C to vary the frequency.

The klystron oscillator also operates upon the principle of
cavity resonance. Unlike the magnetron, however, the reflex
klystron has an accelerating grid, a repeller plate, and two
main grids connected to a split cavity or resonant chamber.
The frequency is determined primarily by varying the volume
of the resonant cavity.

The repeller voltage may also be varied over a narrow range
to provide minor adjustments in operating frequency. Some
tubes use an external cavity with screw plugs for tuning, while
others have means for varying the grid spacings.

Ques. 5.290. In what radio circuits do klystron and mag-
netron oscillators find application?

Ans. The magnetron finds application in the field of pulse
technics such as radar as a generator of super-high-frequency
oscillations (microwaves) and also for continuous telegraph
wave transmissions at these or lower frequencies.

The magnetron is used almost exclusively where extremely
high power transmission is required at microwave frequencies
between 1 and 10 centimeters in wavelength.

The klystron finds its application in the microwave field as
a local oscillator in a superheterodyne receiver, a precision
heterodyne frequency meter, a low-power oscillator trans-
mitter, or a frequency multiplier for precision control applica-
tions and primary frequency standard measurements. The
klystron is frequently used in the frequency spectrum of 1,000
through 30,000 megacycles.

Ques. 5.291. What is the primary standard of frequency
for radio-frequency measurements for all licensed radio
stations?

Ans.  (See Ques. 3.241 and 4.164.)
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Ques. 5.292. List five classes of radio stations which may
be operated by the holder of a restricted radiotelegraph
operator permit.

Ans. See Appendix I1.

Ques. 5.293. Where should the operator on duty at a
manually operated radiotelegraph station post his operator
license or permit?

Ans.  See Appendix 11.

Ques. 5.294. How often should visual observation be made
of the antenna lights at a radio station which has towers or
antenna supporting structures which are required to be
lighted?

Ans.  (See Ques. 3.246.)

Ques. 5.295. What data relative to antenna lighting is
required to be entered in the log of a radio station which has
towers or antenna supporting structures that are lighted?

Ans.  The operator is required to enter in his log the time
of observed failure and the action taken. During normal
operation an entry must be recorded at least once every 24
hours. 1le shall inspect at intervals of at least once each
three months all flashing or rotating beacons and automatic
control devices and record his findings in the log.

Ques. 5.296. What steps should be taken by an operator
on duty at a radio station when failure of the antenna lights or
beacons occurs?

Ans.  The operator shall report immediately by telephone
or telegraph to the nearest Airways (‘ommunication Station
or Office of the Civil Aeronautics Administration (C.\A) any
observed failure of the tower lights not correeted within 30
minutes, regardless of the cause of such failure. Further
notice shall be given immediately upon resumption of the
required illumination.
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Ques. 6.01. What are the ratios between the average,
effective, and peak values of a sinusoidal wave?

Ans. The various ratios are as follows:

Peak to effective = — l—_ = 1.414:1.
0.707
1 -
Peak to average = 0637 = 1.57:1.
. 0.707
Effective to av = = 1.11:1.
ective to average 0.637

Any of these values may readily be transposed for another
desired ratio.

Ques. 6.02. Define the following terms: “hysteresis,”
“permeability,” “eddy currents.”

Ans. ““Hysteresis’ is the molecular friction produced by
the alternating-current reversals in a magnetic-core material.
It is the lagging effect of the magnetic flux with respect to the
magnetizing force that produces it.

“Permeability ”’ is the ease of magnetic conduction through
a magnetic material as compared to air. It is the measure of
the relative conductivity of iron or any magnetic material
compared with air.

“lddy ecurrents’” are the circulation of small currents
through the interior of a solid mass of conducting material.
These currents are caused by the generation of small e.m.fs.
owing to the movement of a magnetic ficld near a material or
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the movement of the material itself in a magnetic field. These
currents as set up are similar to swirls of water in their motion
with respect to the flow of water which is causing them. Hence
the term ‘““eddy currents.”

Ques. 6.03. What is the total impedance of a series alter-
nating-current circuit having an inductive reactance of 14
ohms, a resistance of 6 ohms, and a capacitive reactance of
6 ohms?

Ans. The impedance is 10 ohms.

Ques. 6.04. What is the total impedance of a series alter-
nating-current circuit having an inductive reactance of 14
ohms, a resistance of 6 ohms, and zero capacitive reactance.

Ans. The total impedance is 15.2 chms.

Ques. 6.06. What changes in circuit constants will double
the resonant frequency of a resonant circuit?

Ans. By halving the inductance and the capacitance
values or dividing the LC value by 4.

Ques. 6.06. How may the Q of a parallel resonant circuit
be increased?

Ans. The Q of a parallel resonant circuit is determined by

. 2xfL . . .
the ratio, %—- Increasing the @ is gencrally accomplished

practically by reducing the resistance and absorption losses
of the coil and circuit by reducing the radio-frequency resist-
ance of the coil and leads. In addition, by the use of special
low-loss dieleetrie supporting forms made from materials such
as quartz, isolantite, micalex, and so forth for both coils and
tuning condensers. These are the general considerations for
increasing the Q of oscillatory circuits although such factors
as core material and mutual coupling must also be considered
in changing the Q, the figure of merit for efficiency.
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Ques. 6.07. If a parallel circuit, resonant at 1,000 kilo-
cycles, has its values of inductance halved and capacity
doubled, what will be the resonant frequency?

Ans. 1,000 kilocycles.

Ques. 6.08. Assume a resistance of 8 ohms in parallel
with a resistance of 6 ohms: in series with this combination
is a resistance of 77 ohms. What is the total resistance of the
combination?

Ans. Reducing the parallel combination to its effective

R R
resistance we obtain, Ry = ﬁ_—Rg = 3.42 ohms.
1 2

Thus, R; + R, = 80.42 ohms.

Ques. 6.09. Assume an inductance of 5 henrys in parallel
with a capacitance of 1 microfarad. If there is no resistance
in either leg of this circuit, what is the equivalent impedance of
the parallel network at resonance?

Ans. The impedance looking into the network at resonance
will be theoretically infinite. This may be seen from the
parallel-resonance impedance equation,

280
R
As the denominator in the equation is reduced, the impedance

rises. The impedance of the combination inside the circu-
lating network will, on the other hand, be zero.

7 =

ohms.

Ques. 6.10. Why are iron cores, of the type used in audio-
frequency transformers, not used in radio-frequency trans-
formers?

Ans. There are two primary reasons why this is not done:

1. The iron cores as used in audio-frequency transformers
would present hysteresis and eddy-current losses of too high a
value to allow practical efficiencies. Dust cores of iron and
alloys have been successfully used at low radio frequencies.
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2. Radio-frequency transformers generally respond to a
narrow band of radio frequencies. They must possess selec-
tive qualities in order to effect sharp tuning. Large iron cores
would defeat this purpose.  The iron cores such as are used in
audio transformers permit a broad-frequency response to
enable the passage of the speech and musical frequencies.
This range for the average audio-frequency transformer is
between 30 and 6,000 cycles per second and for the higher
grade types between 25 and 10,000 cycles per second.

Ques. 6.11. Why should the metallic case of a high-voltage
transformer be grounded?

Ans. The metallic case of a high-voltage transformer is
grounded to eliminate the building up of an electric field
between the case and nearby objects. The grounding of the
case also relieves the strain upon the high-voltage windings
and the insulation. Grounding also serves as a physical
protection against shocks between case and ground.

Ques. 6.12. What turns ratio should a transformer have
which is to be used to match a source impedance of 500 ohms
to a load of 10 ohms? '

Ans. The correct turns ratio may be determined by the
equation,
: o= B = [P00_ .
Turns ratio = Nz~ \/10 =71,0r7.1:1.
where Z, = primary impedance.
Z, = secondary impedance.

Ques. 6.13. What would happen if a transformer, designed
for operation on 500 cycles, were connected to a 60-cycle
source of the same voltage?

Ans. The decrease in frequency would result in a heavy
flow of current through the primary winding and may possibly
cause it to burn out. This is due to the fact that the imped-
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ance decreases as the frequency is lowered and would offer
less opposition to the flow of alternating current.

Ques. 6.14. What would happen if a transformer, designed
for operation on 60 cycles, were connected to a 120-cycle
source of the same voltage?

Ans. The increase in frequency would lower the current
flow through the primary winding due to the increase of the
primary impedance. No damage would result, only a decrease
in the output capabilities of the transformer.

Ques. 6.15. “What is the principal disadvantage of using a
dynamotor rather than a motor generator to furnish plate
power to a small mobile transmitter?

Ans. 'The voltage output of a dynamotor is dependent
upon the stability of the source voltage. Since the source
voltage is generally of the battery variety the stability of the
plate voltage may be affected with the change from full-load
to light-load conditions. The variation in fully charged as
compared with low-charged battery conditions will affect the
generator output. The dynamotor, furthermore, does not
possess the high degree of voltage output stability which the
motor generator possesses.

Ques. 6.16. How may the voltage output of a dynamotor be
regulated?

Ans.  This may be accomplished by increasing or deereasing
the source voltage.

Ques. 6.17. What is the line current of a single phase
T-horsepower ailternating-current motor when operating from a
120-volt line at full-rated load and at a power factor ot 0.8 and
95 per cent efficiency?

Ans. The line current under the above stated conditions
will be 57.5 amperes. 1 horsepower = 746 electrical watts.
7 horsepower = 5,222 watts.
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B P

~ E X pf. X Ef.
N 5.222
120 X 0.80 X 0.95

Ques. 6.18. What is the effect of an inductive load on the
output voltage of an alternator?

I

= 57.2 amperes.

Ans.  An inductive load placed on the output terminals of
an alternator will decrease its voltage and cause a lagging
power factor.

Ques. 6.19. What is the principal advantage of the dyna-
motor, rather than the motor generator, to furnish plate power
to a small mobile transmitter?

Ans. The principal advantage of the dynamotor over the
motor generator is its compactness. In the dynamotor two
separate armatures have their respective windings placed over
a common iron core. The motor field and generator field are
one unit which receives its excitation from the same source as
the motor armature. It is a very compact and convenient
unit for operation from a 6-volt storage battery to deliver plate
supply voltages of 400 or more volts.

Ques. 6.20. Define ‘“‘voltage regulation.”

Ans. “Voltage regulation” is the change in voltage
between full load and no load referred to the full-load value and
expressed in per cent.

Voltage regulation in per cent may be determined by the
following formula:

. (no-load voltage — full-load voltage)100
r = - — - - S— —
Voltage regulation full-load voltage

Ques. 6.21. What means may be used to measure radio-
frequency current?
Ans. Thermocouple ammeter, hot-wire ammeter.
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Ques. 6.22. How may the range of a thermocouple
ammeter be increased?

Ans. The range of a thermocouple ammeter may be
increased by the insertion of a higher range thermocouple
properly calibrated to fit the galvanometer for the highe
range or by a low resistance (low-temperature-coefficient
shunt) connected across the thermocouple current-carrying
strip. The latter method is recommended only in cases of
emergency. If the thermocouple is a separate unit, a multi-
plier resistor may be used in series with the meter.

Ques. 6.23. Does the scale of an alternating-current
ammeter indicate peak or average current values? Explain
your answer.

Ans.  An alternating-current ammeter indicates neither
peak nor average current values. The conventional alter-
nating-current ammeter indicates
effective current values. The
average or peak values of a
sinusoidal wave taken over a com-
plete cycle is zero and conse-
quently no deflection of these
values can be obtained with ordi-
nary alternating-current meters.

The theoretical reason for this
| , condition may be more clearly
\ / understood by analyzing the ac-
\ | " tion of the electro-dynamometer.
\ This is an alternating-current or
X coxen [ exeo”  alternating-voltage indicating de-

col : con vice which operates upon the
l'"’e‘;t 1 Dynamometer-type  principle illustrated in Fig. 6-1.

Two stationary coils are con-
nected in series with a movable coil and a pointer.
The electrical connection to the moving coil is made
through two springs which also serve to resist the turning
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force of the coil produced by the current. The force
which tends to move the coil is proportional to the product
of the field strength of the stationary and movable coils.
Now since the field strength of each is proportional to the
current which is flowing through them, the force tending to
turn the coil at any instant is proportional to the square of the
current flowing at that instant. Therefore, as this current
varies from zero to the peak value for every half cycle, the
force will also vary from zero to peak value each half of the
cycle. The inertia of the coil, however, does not permit it to
move rapidly enough to follow these fluctuations and, there-
fore, the pointer attached to the moving coil moves to a point
corresponding to the average value of the deflecting force.
Now since this is a measure of the current squared it will,
therefore, be proportional to the effective value of the current.

Ques. 6.24. How may the power in an alternating-current
circuit be determined?

Ans. The true power expended in an alternating-current
circuit may be determined by a direet reading wattmeter or by
the readings of an alternating-current voltmeter and an alter-
nating-current ammeter multiplied by the power factor of the
circuit. The power factor of a circuit is determined by the
ratio of the resistance to the impedance of the circuit,

R W
)} . —_ —0
Power factor = 7 T 7]

Power = E X I X Pf watts.

Ques. 6.26. A ship’s transmitter has an antenna current of
8 amperes using Al emission. What would be the antenna
current when this transmitter is 100 per cent modulated by
sinusoidal modulation?

Ans. When a continuous-wave transmitter is modulated by
100 per cent sinusoidal modulation the increase in antenna,
current will be 22.5 per cent. An increase of 22.5 per cent
may be calculated by multiplying the unmodulated antenna
current by 1.225, thus 8 X 1.225 = 9.8 amperes.
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Ques. 6.26. The direct-current plate input to a modulated
class C amplifier, with an efficiency of 60 per cent, is 200 watts.
What value of sinusoidal audio power is required in order to
insure 100 per cent modulation? 50 per cent modulation?

Ans. For 100 per cent modulation, the modulator tube
must supply audio-frequency power equal to 50 per cent of the
unmodulated carrier plus 50 per cent of the power dissipated
in the modulated-amplifier plate when unmodulated. Thus
the audio-frequency power supplied by the modulator is,

m2P 0

Poc = 50

where m = modulation factor.
n = estimated efficiency of the class C amplifier.
P, = unmodulated carrier power.

Since the input power in this example is 200 watts and the
plate dissipation at 60 per cent efficiency is 80 watts the output
power will be 120 watts. Thus the audio-frequency power
required at 100 per cent modulation may be found by the
equation,

12 X 120
2Xn

Now since the modulation factor for 100 per cent modulation
is equal to 1 the modulation factor for 50 per cent modulation
will be 0.5 (modulation factor X 100 = percentage of modula-
tion). Thus, for 50 per cent modulation the audio-frequency
power required will be

0.52 X 120 _ 0.25 X120 _ o .
2Xxn 12 :

Ques. 6.27. What increase in antenna current will be
observed when a radiotelephone transmitter is 100 per cent

modulated by a sinusoidal wave form?

= 100 watts.

Ans. The antenna current when modulated 100 per cent
will show an increase of 22.5 per cent over the unmodulated
value assuming single-tone sinusoidal excitation.
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Ques. 6.28. What is the total band width of a transmitter
using A2 emission with a modulating frequency of 800 cycles
and a carrier frequency of 500 kilocycles?

Ans. The band width of a 500 kilocycles radio frequency
wave modulated at a modulating frequency of 800 cycles is
1,600 cycles or 1.6 kilocycles. The band width is computed
on the basis of the upper and lower side-band frequencies,
500,000 + 800, 500,000 — 800. The width of the band,
therefore, is the difference between the upper and lower side
bands.

Ques. 6.29. What are the general characteristics of the
emission of a radiotelegraph transmitter which uses a chopper
to obtain A2 emission?

Ans. Figure 6-2 illustrates all types of emissions.

ETRRIA b —tbefhoth—

TYPE AO AND Al TYPE A2 (FULL WAVE)

| w111 1
” o LI L

TYPE A2 ( CHOPPER)

+ "'/\ ﬁ pasy A
- AY
TYPE B TYPE A4 AND AS

Fia. 6-2. Types of radio-wave emissions.
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Ques. 6.30. How should the grid bias of a grid-modulated
radio-frequency stage be adjusted?

Ans. The grid bias of a grid-modulated radio-frequency
stage should be adjusted to a voltage value 114 to 4 times the
plate-current cut-off value.

Ques. 6.31. Compare the characteristics of plate and grid-
bias modulation.

Ans. In the plate-voltage modulation (constant plate
impedanee) system the audio-frequency voltage is applied
directly to the plate circuit of the radio-frequency stage to be
modulated. In this system of modulation the source of signal
voltage must supply a large part of the power supplied to the
plate circuit. The operating efficiency is about 65 per cent.

In the grid-bias modulation (variable plate impedance)
system the audio-frequency voltage, as well as the carrier volt-
age, is applied to the grid circuit. This system has the advan-
tage over the plate modulation system in that it requires much
lower exciting audio-frequency grid voltage, but gives a slight
amount of increase in distortion. Kfficiency is about 33
per cent.

Linear plate- and grid-modulation systems produce much
less distortion compared with most systems at high modulation
percentages. In addition, they are excellent for use in high-
power transmission because of their high ratio of useful power
output to the total power supplied to the plate circuit. The
grid-bias adjustment in the modulated radio-frequency stage
is 1145 to 4 times plate current cut-off in both systems,

Ques. 6.32. Is a high degree of modulation desirable in
connection with a self-excited type of transmitter? Explain.

Ans. No. There are several very important reasons why
a self-excited oscillator should not be modulated at a high
degree of modulation. These are itemized as follows:
1. Frequency instability caused by power-supply load
changes.
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2. Frequency instability caused by changes in antenna con-
stants, such as a swinging antenna, humidity changes, etc.

3. Rapid changes in frequency and amplityde, particularly
with high percentages of modulation, will cause heavy changes
in the output carrier frequency.

4. Poor quality of transmission.

5. Broader tuning response at the receiving station which
may result in adjacent-station interference.

Ques. 6.33. What is meant by “low-level modulation”?

Ans. The term “low-level modulation” is applied to those
types of radiotelephone transmitters in which the audio-fre-
quency signal is applied to some one of the radio-frequency
amplifier stages preceding the final power-amplifier stage.

Ques. 6.34. Why is a series resistor used in the direct-
current plate supply of a modulated radio-frequency amplifier,
between the amplifier and the modulator, ina Heising modula-
tion system?

Ans. The dropping resistor is used in order that the radio-
frequency amplifier will operate at a direct-current plate
voltage lower than that of the modulator. This is necessary
in order that the radio-frequency amplifier stage will be com-
pletely modulated. In other words, if the radio-frequency
amplifier voltage is one-third less than that of the modulator,
the radio-frequency amplifier will be completely modulated
when the modulator develops a peak output voltage of two-
thirds the direct-current plate potential.

Ques. 6.35. Should the efficiency of a grid-bias modulated
stage be maximum at complete modulation or zero modula-
tion? Explain.

Ans. The efficiency of a grid-bias modulated stage should
be a maximum at complete modulation. This is so because
the efficiency of plate-power conversion will be higher at com-
plete modulation because some direct-current grid current
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will be drawn at modulation peaks. It is, of course, important
that the grid-current flow be not excessive, since that condi-
tion would introduce distortion. If the grid bias on a grid-
modulated system is adjusted so that no grid current flows
even on high peaks poor economy will result.

Ques. 6.36. What is the purpose of a plate choke as used in
Heising modulation?

Ans. The primary purpose of the plate choke, or plate
reactor, as it is commonly called, is to maintain a constant
current in the modulator and modulated-amplifier plate cir-
cuits. The Heising system of modulation is often called the
“constant current system”’ of modulation owing to the action
of the plate reactor. The action of the choke may be more
clearly understood from the following explanation: since the
plate reactor is connected in the positive lead of the direct-
current power supply and feeds simultaneously the voltage to
the plates of both the modulator and the modulated-amplifier
tubes any changes in the current flow in either plate circuit
will be affected by the self-inductance of the coil. That is to
say, when the grid of the modulator tube swings positive the
plate current in this stage will increase. Owing to the large
inductance of the reactor, however, the rise in current will
change the polarity in accordance with the laws of induction.
Thus the voltage developed across it by the expanding mag-
netic field will be 180 degrees out of phase with the direct-
current voltage. This results in a decrease in the voltage
on the plate of the modulated-amplifier tube owing to the
bucking effect of the plate reactor upon the direct-current
generator. When the grid of the modulator swings negative
on the next half of the audio-frequency cycle the modulator
plate current decreases. This causes the magnetic field around
the plate reactor to contract thereby putting the reactor
voltage in phase with the supply generator and increasing the
voltage upon the plate of the modulated power-amplifier
tube. This complete action varies the modulated-amplifier
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voltage in accordance with the modulator changes and con-
sequently varies the amplitude of the carrier frequency at an
audio frequency.

Ques. 6.37. Does grid current flow in the conventional
grid-bias modulated stage of a radiotelephone transmitter,
under modulated conditions?

Ans. Yes. Grid current flows in slight amounts during the
positive peaks of the audio-frequency excitation cycle. (See
also Ques. 6.35.)

Ques. 6.38. If the first speech-amplifier tube of a radio-
telephone transmitter were overexcited, but the percentage
modulation capabilities of the transmitter were not exceeded,
what would be the effect upon the output?

Ans. Overexcitation of the first tube in the speech input
equipment would produce nonlinear distortion (amplitude
distortion) in the plate circuit of the first tube which would be
greatly amplified in each of the succeeding stages. Obviously
this would badly distort the wave form of the modulated
carrier and resulting transmission. The effect of amplitude
distortion is generally referred to as overloading in the case of
overexcitation.

Ques. 6.39. What types of microphones have a high
impedance output?

Ans. Condenser and piezo-electric (crystal) types of micro-
phones have a large output impedance. All microphones
which operate upon the electrostatic principle are of the high-
output impedance variety. Carbon microphones have a high-
output impedance as compared with the low-impedance
variety such as the dynamic or velocity types, but their
impedance is low compared to the condenser and erystal types.

Ques. 6.40. What are the advantages of the single-button
carbon microphone?
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Ans. The main advantage of the single-button carbon
microphone is that it does not require the careful adjustment
of button balance since only a one-button current flows through
the output transformer winding. In the double-button types
the two currents in the respective halves must be carefully
balanced for proper symmetry. Other advantages of the
single button microphone are its relatively low cost, very high
output, and low current consumption.

Ques. 6.41. Why is a speech amplifier used?

Ans. Speech amplifiers are used to build up the voltages
developed by the microphones to higher voltage amplitudes.
High-audio-voltage amplitudes are required to transmit speech
and musical frequencies to the modulating circuits, line cir-
cuits, and reproducers. Speech amplifiers are generally
referred to as “voltage” or “gain” amplifiers. In any case
where it is required to increase the audio-frequency voltage
output of feeble generating (alternating-current) sources, a
voltage or speech amplifier may be used.

Ques. 6.42. What might be the cause of a positive carrier
shift during modulation?

Ans. Carrier shift is that condition in a modulated wave in
which the average value of the transmitted wave is changed
in an upward or downward dircction. Any situation which
will change the average direct-current plate reading of the
linear power-amplifier stage upward during modulation pro-
duces a positive carrier shift, and if downward, a negative
carrier shift. In other words, any upset in the plate-circuit
symmetry may cause a shift. Overmodulation may be the
cause of either a positive or a negative carrier shift. Some
other causes for a positive carrier shift are: excessive grid
bias, poor bias-supply regulation, insufficient radio-frequency
excitation. Negative carrier shift may be caused by: poor
plate-supply regulation, insufficient grid hias or excessive
radio-frequency excitation which causes grid current to flow.
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Ques 6.43. What is the relation between the direct-current
power input of the plate circuit of the stage being modulated,
and the output audio power of the modulator for 100 per cent
sinusoidal modulation?

Ans. For distortionless 100 per cent modulation capabili-
ties the direct-current power input to the modulated radio-
frequency amplifier stage should be twice the modulator’s
undistorted audio-frequency power output.

Ques. 6.44. In 100 per cent amplitude modulation, what is
the ratio of peak antenna current to unmodulated antenna
current?

Ans. The ratio of peak antenna current to unmodulated
antenna current at 100 per cent modulation is 2:1, the peak
modulated value rising to double the unmodulated value.

Ques. 6.45. In 100 per cent modulation, what is the ratio
of instantaneous peak antenna power to unmodulated antenna
power?

Ans. The peak power at 100 per cent modulation is four
times the unmodulated power or, a ratio of 4:1

Ques. 6.46. Using a regenerative receiver, without radio-
frequency amplifier stages, describe how you would adjust to
receive radiotelegraph signals through interference.

Ans. To increase the selectivity of a regenerative receiver
s0 as to reduce interference to a minimum, reduce the coupling
between the primary and the secondary of the tuner and
carefully retune the circuit to resonance by varying the second-
ary tuning condenser. Gradually increase the regeneration
control to the point just before where self-oscillation is pro-
duced. Repeat the process critically by varying each of the
tuning adjustments; namely, antenna series condenser, second-
ary tuning condenser, and the regeneration feedback control.
Various degrees of loose coupling values should be chosen until
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the proper degree of selectivity is obtained. It is important
to remember however that each time the coupling is varied the
circuit must be entirely retuned.

For continuous-wave reception the process is the same, with
the exception that the regeneration control is increased to the
point of self-oscillation so that an audible beat note may be
produced.

Ques. 6.47. What is the effect upon the sound of received
type B emission if the receiver detector is oscillating?

Ans. The tone frequency of the damped wave hecomes
badly distorted and it has a ““mushy”’ tone characteristic.

Ques. 6.48. What effect does an incoming signal have upon
the plate current of a triode detector of the grid-leak type?

Ans.  The plate current will decrease. This is due to the
fact that the grid-condenser blocking action causes a negative
building up process or grid bias upon the grid with respect to
the cathode. In other words, the grid leak develops an auto-
matic grid bias during the periods in which the incoming sig-
nals prevail, thereby reducing the plate current.

Ques. 6.49. If broadcast signals interfered with your
reception of signals on 500 kilocycles while aboard ship, how
would you reduce or eliminate such interference?

Ans.  The interference may be reduced or climinated by the
use of a tunable wave trap connected in the antenna circuit.
The trap circuit is then tuned to the undesirable frequency.
See Fig. 3-19.

Ques. 6.50. Describe how you could test a regenerative
receiver to determine if the detector were in an oscillating
condition?

Ans.  One of the simplest tests to ascertain if the detector
is in an oscillating condition is to touch the finger to the grid
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of the tube. A loud “cluck” or “plop” should be heard in
the telephones if the receiver is oscillating. Another simple
test would be to bring the regeneration control up slowly from
its minimum position towards maximum until a similar
“plop” is heard. This will indicate that the circuit has gone
into oscillation.

Ques. 6.61. Discuss the relative advantages and disad-
vantages of a stage of radio-frequency amplification as com-
pared to a stage of audio-frequency amplification, for use in
connection with a regenerative receiver.

Ans. The relative advantages of a stage of radio-frequency
amplification in connection with a regenerative receiver are as
follows:

1. Provides an increase in sensitivity.

2. Increases the circuit selectivity.

3. Eliminates reradiation from the oscillating detector into
the antenna system.

4. Reduces the possibility of “dead spot” points when the
oscillating detector is resonated with the antenna circuit.

The disadvantages of a stage of radio-frequency amplifica-
tion before the oscillating detector are as follows:

1. A stage of radio-frequency amplification does not give
so much audio-frequency volume as does one stage of audio-
frequency amplification. This is particularly true if high
step-up ratio audio-frequency transformers are used.

2. A radio-frequency stage requires careful shielding and
filtering of all component parts to insure circuit stability.
Design considerations are more exacting.

3. It generally requires an additional tuning stage.

4. Tt may require neutralization of inter-electrode grid-plate
capacity to prevent amplifier self-oscillation.

Ques. 6.62. If a ship’s regenerative receiver failed to
oscillate when the regeneration control was advanced, explain
the possible causes and remedies.
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Ans.  The following are the common causes for failure of a
regenerative receiver to oscillate:
Low filament supply potential.
Deactivated filament. (Poor filament emission.)
Run-down plate-supply batteries.
. Open plate by-pass condenser.
Open grid-coupling condenser.
Open grid leak.
High resistance contacts in some portion of the circuit.
The remedies in each case are obvious.

NN

Ques. 6.63. Explain how you would test the various com-
ponents of a receiver of the three-circuit regenerative type in
trouble shooting.

Ans. Two basic tests are essential in trouble shooting a
three-circuit regenerative receiver, namely;

1. Point-to-point continuity test with an ohmmeter or a
pair of telephones with a battery in series, and

2. Voltmeter test.

The first step in servicing a receiver is to replace the old
tubes with new ones to eliminate this common source of
trouble. Then proceed as follows:

1. Test the voltages of the filament supply and plate supply
across the filament terminals and plate to filament respectively
with the voltmeter.

2. If the voltmeter indicates a reading when it is connected
between the plate and the cathode at the socket terminals,
it is evident that the entire plate circuit is continuous.

3. Test the circuit continuity with the chmmeter or battery-
telephone combination from the control grid to the cathode.

4. Test the continuity of the antenna coil by the same
method.

5. Test all condensers for leaks or shorts.

Ques. 6.54. What is the effect of connecting a high value of
resistance in parallel with the primary of an audio transformer
in a regenerative receiver?
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Ans. A high resistance connected across the primary
winding of an audio-frequency transformer in a regenerative
receiver prevents the annoyving condition known as “fringe
howl.” The value of resistance should be in the order of
100,000 ohms.

Ques. 6.66. Why should a superheterodyne receiver, used
for reception of Al signals, be equipped with at least one stage
of radio-frequency amplification ahead of the first detector?

Ans. A stage of radio-frequency amplification before the
first detector serves as a pre-selector and reduces the possi-
bility of image interference.

Ques. 6.66. What is the chief advantage to be gained in
the utilization of high intermediate frequencies in a super-
heterodyne receiver?

Ans. The chief advantage to be gained in using high
intermediate frequencies in a superheterodyne receiver is the
reduction of image-frequency interference.

Ques. 6.67. If a superheterodyne receiver is receiving a
signal on 1,000 kilocycles and the mixing oscillator is tuned to
1,600 kilocycles, what is the intermediate frequency?

Ans. The intermediate frequency is the difference between
the incoming signal and the mixing oscillator frequency or,
500 kiloeycles.

Ques. 6.68. Why is a diode detector employed in most
modern radio receivers?

Ans.  Diode detectors are used in most modern receivers
because they more closely approach the ideal detecting or
signal rectifying characteristies. In other words, a detection
characteristic is obtained which resembles a straight line or
linear character and, as a result, develops an audio signal of
minimum distortion.
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Ques. 6.69. What is the purpose of an auxiliary receiving
antenna installed on a compulsorily equipped vessel, which is
also fitted with a direction finder?

Ans. On a vessel required by law to maintain a watch by a
qualified operator or operators, an effective auxiliary antenna
or other approved arrangement shall be provided whenever
deemed necessary by the Commission to avoid unauthorized
interruption of this watch during use of a radio direction finder
on board the same vessel.

Ques. 6.60. What is the primary purpose of the “break-in”
relay associated with a radiotelegraph transmitter?

Ans. A break-in relay permits rapid interruption of the
sequence of transmission by the receiving station in the event
of interference or a break in the copying of the message. It
permits listening periods during the actual transmisston of
messages. That is to say, when the transmitting key is open
the relay contacts connect the antenna to the radio receiver
and when the key is depressed it disconnects the antenna from
the recciver and transfers it to the transmitter.

Ques. 6.61. When an antenna is erected, why should pre-
cautions be taken to prevent the wire from kinking?

Ans. The kinking of the wire weakens its physical structure
at the point of the kink. Obviously, if the wire is subjected
to strain and constant swaying, it may eventually break.
Another possibility, particularly at very high radio fre-
quencies, would be a loss of energy due to an increase in the
high-frequency resistance because of sharp bends or kinks.

Ques. 6.62. What may be the causes of noisy operation of a
regenerative, three-circuit receiver having two stages of
audio-frequency amplification?

Ans. Tube noises caused by a high degree of amplification,
excessive or critical regeneration adjustment, defective regen-
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eration control (potentiometer type), defective grid leak, run
down plate-supply or filament batteries, high-resistance con-
tacts or poor grounding.

Ques. 6.63. How may the frequency of the antenna circuit
of a shipboard receiver be lowered?

Ans. By decreasing the natural resonant frequency of the
antenna circuit. This is accomplished by ‘“loading” the
antenna with a series inductance or loading coil.

Ques. 6.64. How may the frequency of the antenna circuit
of a shipboard receiver be increased?

Ans. By decreasing the loading inductance value at the
taps or by inserting an antenna series condenser.

Ques 6.66. What is the directional reception pattern of a
loop antenna?

Ans.  Figure 6-3 illustrates the directional pattern of a loop
antenna.

Loop-,
2

F1c. 6-3. Directional pattern of a loop antenna.

VERTICAL
Ques. 6.66. What is the direc- e
tional reception pattern of a vertical L)

antenna?

Ans. Figure 6-4 illustrates the
directional pattern of a vertical

antenna. Fig. 6-4. Directional pat-
tern of a vertical antenna.
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Ques. 6.67. What is meant by “split tuning’’?

Ans.  Split tuning refers to the double-peaked character-
istic obtained with tight coupling. (See Ques. 5.195.)

Ques. 6.68. Why should a transmitter be adjusted at
reduced power?

Ans. To protect the transmitter.

Ques. 6.69. How is the power output of a vacuum-tube
marine radiotelegraph transmitter usually adjusted?

Ans. By varying the resistance of the generator-field
rheostat, thereby increasing or decreasing the output plate
voltage.

Ques. 6.70. A marine transmitter uses 500 cycles alter-
nating current for plate supply. It is rectified by a full-wave
rectifier circuit, but is not filtered. How would the emission
be classified?

Ans.  This type of emission is classified as, A2 (ICW). See
Fig. 6-2.

Ques. 6.71. In general, what advantages may be expected
by the use of high frequencies in radio communication?

Ans. Transmission over vastly greater distances with a
relatively smaller amount of input power. Greater compact-
ness of component parts.

Ques. 6.72. How is the antenna aboard ship changed most
rapidly from the transmitter to the receiver during the course
of communication?

Ans. By the use of a break-in relay system.

Ques. 6.73. How can you determine the optimum coupling
between the closed circuit of a spark transmitter and the
antenna circuit?

360



ADVANCED RADIOTELEGRAPHY Element 6

Ans.  Optimum coupling may be determined by the antenna
radio-frequency ammeter when the maximum deflection is
obtained. The optimum coupling position for most spark
transmitters should be somewhere in the vicinity of 215 inches
between the primary and secondary coils, depending upon the
power used. A peak antenna current should be indicated
at the resonant point which falls off rapidly as the coupling is
cither tightened or loosened from the optimum coupling point.

Ques. 6.74. What are the primary factors which determine
the frequency emission of a spark transmitter?

Ans. The group or spark frequency of a spark transmitter
is determined primarily by the speed of the alternator (power-
transformer input frequency) and by the type of spark gap
used. The radio-frequency emission is dependent upon the
closed-circuit oscillatory constants of L and C.

Ques. 6.75. What is the best method of reducing the
power output of a spark transmitter?

Ans. By reducing the generator output voltage. This is
accomplished by increasing the resistance of the generator
field rheostat. It is also necessary to reduce the spark gap.

Ques. 6.76. Why are protective condensers connected
across the low potential alternating-current circuit of a spark
transmitter?

Ans.  To prevent possible damage to the alternator arma-
ture, motor armature, alternator field, motor field, primary of
the power transformer and line equipment, which might be
caused by high-frequency kick-back surges.

Ques. 6.77. Upon what factor(s) does the spark, or note
frequency, of a spark transmitter depend?

Ans. The spark or note frequency depends primarily upon
:he alternating-current generator frequency and the gap
nterrupting frequency. The latter can vary the tonal fre-
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quency when a rotary spark gap is used. The frequency of the
generator is, however, the most important determinant and is
dependent upon the speed of the alternating-current armature
and the number of field poles and the time factor, thus

Frequency = cycles per second,

N XS
2 X 60
where N = the number of field poles,

S = the speed in revolutions per minute

Ques. 6.78. What factors determine the output frequency of
a marine-arc type of radiotelegraph transmitter?

Ans. The output frequency of a marine-arc transmitter is
dependent upon the antenna capacity, antenna inductance,
and the antenna serics-loading inductance.

Ques. 6.79. Why is it essential that pure water be used in
the cooling system associated with an arc transmitter?

Ans. Since the water passes through the positive electrode
pure water must be used to prevent grounding or short-cir-
cuiting the high-voltage generator. Pure water has high
diclectric or insulating properties and is, therefore, a poor
conductor.

Ques. 6.80. What is the purpose of the hydrogen gas,
liberated from the injected alcohol, in the arc chamber?

Ans. The purpose of burning an arc in an atmosphere of
hydrogen is to increase the degree of ionization to assist in the
reduction of the are resistance. This increase in arc conduc-
tion manifests itself in the following:

1. Makes possible the generation of radio frequencies.
Increases the output radio-frequency energy.

\Makes the are burn steadier (produces a “fatter” arc).
Insures a more stable radiated frequency.
Makes for quicker ignition.
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Ques. 6.81. Describe the back-shunt method of keying an
arc transmitter.

Ans.  Figure 6-5 illustrates the back-shunt system of are
keying. The back-shunt relay is actuated by a solenoid
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Fia. 6-5. Arc back-shunt signaling system.

excited from the ship’s direct current and controlled by a small
Morse hand key in scries with the solenoid. When the key is
open, the back-shunt relay arm is connected to a closed absorp-
tion circuit into which the arc oscillates. When the key is
closed, the arc is transferred to the antenna oscillatory system.
This results in a uniwave signal emission, enables the operator
to adjust the arc for maximum stability when the key is open,
and eliminates unnecessary adjustment interference.
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Ques. 6.82. Of what material is the anode of a marine arc
transmitter composed?

Ans. Copper.

Ques. 6.83. Compare the advantages and disadvantages of
a modern marine-type vacuum-tube transmitter and a marine
spark transmitter.

Ans. The modern marine vacuum-tube transmitter has
several very important advantages over the spark transmitter,
namely:

. Greater transmission coverage.

. Creates less interference.

. Lower frequency deviation (greater stability).
. Requires less adjustment.

. Lower power consumption (relatively).

. Covers a greater frequency band.

. Permits large variation of tonal frequency.

. Permits simpler antenna design (physical).

. Possesses greater flexibility.

10. Efficient on low and high powers.

The spark transmitter has an advantage only in that it does
not require replacements, such as tubes. It transmits a rela-
tively broader wave, which is desirable for distress trans-
missions only. It has less component parts to go out of order.
It is useless for high frequency (short wave) transmission.
It has very poor efficiency.

O 00T O WN -

Ques. 6.84. What is meant by a “self-rectified” circuit,
as employed in marine vacuum-tube telegraph transmitters?

Ans. Figure 6-6 illustrates a typical marine “self-recti-
fying” circuit. The plates of the tubes receive their voltage
supply from the secondary winding of a high-voltage trans-
former. Since the plates are excited by an alternating voltage
each tube is conductive only on alternate portions of the
charging cycle, hence the name of self-rectification. If one
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tube is used in the oscillatory circuit, and the alternating-
current plate frequency from the power transformer is 500
cycles, the tone frequency of the radiated wave will be 500
cycles. If two tubes are used, full wave self-rectification will
result and the tonal frequency will be 1,000 cycles.

ANT 1]
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F1g. 6-6. Marine self-rectifying transmitter circuit.

Ques. 6.85. What is the principal advantage to be gained
by the use of a crystal-controlled oscillator in a marine radio-
telegraph transmitter?

Ans. The crystal-controlled oscillator reduces frequency
drifting to a minimum and, thercfore, insures more stabilized
transmission.

Ques. 6.86. Discuss the advantages and disadvantages of
self-excited as compared to master-oscillator power-amplifier
transmitters?

Ans. The self-excited oscillator has one important advan-
tage over the master-oscillator power-amplifier system in that
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it requires only one tube. Greater power output can be
obtained with a minimum of tubes. Less component parts
are required and, therefore, simpler tuning is obtained. One
of the great disadvantages, however, is the inability of this
type of oscillating system to maintain a steady carrier fre-
quency. Frequeney variations are produced by circuit load
changes, particularly the antenna system. Changes in the
antenna constants, caused by swinging, and varying humidity
and temperature greatly affect the carrier frequency. Certain
systems in which the self-excited oscillator is also modulated
causes considerable frequency fluttering and distortion. Broad
tuning and interference may result. All of these disadvan-
tages are overcome by the master-oscillator power-amplifier
system.

Ques. 6.87. What is meant by the expression “motor

generator is hunting”?

Ans. “Hunting” is the term applied to motors and gener-
ators which swing or oscillate in their armatures when they are
accelerated above and below their normal average speed.
This swinging action is set up primarily by variations in the
rotative speed resulting from irregularity in the turning force.

Ques. 6.88. If the automatic starter for the transmitter
motor generator failed to operate when the switch was closed,
what might be the trouble?

Ans. The starter or plunger solenoid may be open, the
starting switch itself may be defective, the line-fuse blown,
or the armature circuit may be open.

Ques. 6.89. Why is a series motor not used in radio power-
supply motors?

Ans. The series motor does not maintain constant speed
under a varying external load. If it were used to drive a gen-
erator, the output voltage and frequency would be unstable.
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Ques. 6.90. If a 3-horsepower motor, operated from 110
volts, direct current, is 86 per cent efficient when developing
its rated output, what will be the line current?

Ans. Three horscpower is equal to 3 X 746 watts, or

2,238 watts. The current flow at 100 per cent efficiency will

P
, I = B = 20.31 amperes. At 85 per cent efficiency,

therefore, the line current will be 23.9 amperes.

he

Ques. 6.91. If an auxiliary storage battery has a voltage of
12.4 volts on open circuit, and 12.2 volts when the charging
switch is closed, what is the difficulty?

Ans. This condition indicates that the charging polarity is
reversed.

Ques. 6.92. Why should an Edison storage battery not be
charged at less than the normal rate specified by the manufac-
turer? Explain.

Ans. Because the chemical reaction or oxidation process
which takes place during the charge cannot be sufficiently
accomplished at low charging rates. The internal resistance
of the Edison cell is relatively higher than that of the lead-
plate cell. Low capacity results from charging at less than
the normal rate.

Ques. 6.93. Lacking an hydrometer, how may the state of
charge of a storage battery be determined?

Ans. By the use of a high-resistance voltmeter under load
conditions. It may also be determined by the gassing period
while undergoing a charge, or by an ampere-hour meter.

Ques. 6.94. Your emergency storage battery has a specific
gravity reading of 1.120. What should be done?

Ans. The battery should be filled with chemically pure
water and immediately placed on full charge.
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Ques. 6.95. Why should care be taken in the selection of
water to be added to a storage cell to replace the loss by
evaporation?

Ans.  Chemically pure or distilled water should be used to
deter chemical or metallic impurities from entering the solu-
tion. Impure water would generate local action and may
ruin the cell.

Ques. 6.96. A discharged storage battery of three cells
has an open-circuit voltage of 1.8 volts per cell and an internal
resistance of 0.1 ohm per cell. What potential is necessary
to produce an initial charging rate of 10 amperes?

Ans. The charging potential must be 8.4 volts.
Solution:

3 X 1.8 v. = 5.4 volts.
3 X 0.1 = 0.3 ohm (internal resistance).

The voltage drop across the internal resistance when a current
of 10 amperes will flow is, £ = IR = 10 X 0.3 = 3 volts.
Thus the charging voltage must be sufficient to overcome the
IR drops, or 5.4 + 3 = 8.4 volts.

Ques. 6.97. What capacity of storage battery is required to
operate a b0-watt emergency transmitter for 6 hours, assuming
a continuous load of the transmitter of 70 per cent of the key-
locked demand of 40 amperes? The emergency light load is
1.6 amperes.

Ans. A storage battery having a rated capacity of 200
ampere-hours would satisfy this condition. The actual
capacity rating of the battery in accordance with the values
given in this example, however, need be only 177 ampere-hours.

Ques. 6.98. Why does the charging rate to a storage cell,
being charged from a fixed-voltage source, decrease as the
charging progresses?
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Ans.  As the charging progresses the gravity of the electro-
lyte increases, the cell voltage increases and produces greater
opposition to the charging current flow. Also, gas bubbles
forming on the plates greatly increase the internal resistance,
thereby reducing current flow.

Ques. 6.99. If you placed the emergency batteries on
charge and the overload circuit breakers refused to stay closed,
what is the trouble?

Ans. The charging voltage is reversed, no charging voltage
is present, the charging voltage may be too low, or the charging
circuit may be grounded.

Ques. 6.100. If part of the secondary winding of the power
transformer of a transmitter were accidentally shorted, what
would be the immediate effect?

Ans. The momentary rise in secondary current due to the
c<hort cireuit would react upon the primary winding to decrease
its self-inductance, thereby raising the primary current. A
fuse would probably blow.

Ques. 6.101. What are the relative advantages of the con-
denser-input and choke-input filter circuits?

Ans. The condenser-input arrangement permits the use of
lower rated high-voltage secondaries since the condenser serves
to inerease the voltage. The choke-input system introduces
an additional voltage drop, but improves regulation. It also
prevents flash back in systems where mercury-vapor rectifier
tubes are used.

Ques. 6.102. What is the principal function of the filter
in the power supply?

Ans. To smooth out the rectified ripples in order to provide
a steady direct current to the vacuum-tube plates.

Ques. 6.103. How may a filter condenser be checked for
leakage?
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Ans. By the use of a voltmeter in series with a source of
direct-current potential, or by an ohmmeter.

Ques. 6.104. What is the maximum allowable total second-
ary voltage of a transformer to be used as a center-tapped full-
wave rectifier in connection with rectifier tubes having a peak
inverse voltage rating of 10,000 volts?

Ans. Eu = E... X 0.707 = 7,070 volts.
Ques. 6.106. Discuss the uses of copper oxide rectifiers.

Ans. Copper oxide rectifiers are used most commonly in
conjunction with direct-current voltmeters to read alternating-
current voltages. Any direct-current galvanometer may serve
a universal function for direct- and low-frequency alternating-
current measuremnents by using it in conjunction with a
copper oxide rectifier. They are used commercially as power
rectifiers and peak limiters.

Ques. 6.106. Explain the principle of operation of the cold-
cathode gaseous rectifying diodes.

Ans. These tubes operate solely upon the principle of the
1onization of gases between two oppositely charged electrodes.
For example, if a potential difference is applied between two
electrodes enclosed in a glass bulb including an inert gas, such
as neon or argon, the potential difference will cause the gas
molecules to be broken up into positive units and negative
units. The positive charges or ions move to the plate charged
with the negative potential while the negative charges, or
electrons, move toward the plate charged with the positive
source potential.

Ques. 6.107. What are the advantages of the high-vacuum
rectifier tube as compared to the hot-cathode gas-filled tube?

Ans. The advantages of the high-vacuum rectifier tube as
compared to the hot-cathode gas-filled tube are the ability of
the high-vacuum tube to withstand high inverse peak voltages
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and to operate immediately without preheating. Comparing
the efficiency of the high-vacuum-tube type with that of
the mercury-vapor type, it has been found that the latter
may be approximately 99 per cent efficient as compared with
approximately 87 per cent for the former.

Ques. 6.108. What action permits the high-conduction
currents of the hot-cathode gas-filled rectifier tube?

Ans. Ionization due to collision.

Ques. 6.109. What factors determine the setting of the
sensitivity control of an auto-alarm receiver approved for
installation on a vessel of the United States?

Ans. Optimum sensitivity and the prevention of receiver
blocking by heavy static.

Ques. 6.110. If you were a radio operator on a vessel of the
United States, equipped with an approved type of auto alarm
which employs a linear detector and an electronic selector,
what factors cause the bell to sound? The warning lights to
operate?

Ans. 'The bells will be caused to ring by any of thefollowing:

1. Receipt of an auto-alarm signal.

2. Receipt of a false-alarm signal caused by a combined
static and keying interference (rare).

3. Failure of ship’sline voltage or junction-box fuse.

4. Burned-out tube filament.

5. Failure of the 6-volt battery supply.

The warning lights may be caused to glow by any of the
following:

1. Reception of signals where the key is depressed for a
period considerably greater than 4.5 seconds.

2. Sensitivity control set too high for the prevailing noise
level.

Warning lights may glow intermittently because of :

1. Occasional long bursts of static.
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2. Keying interference due to dashes in excess of 3.5 seconds.
3. Heavy 500-kilocycle interference due to simultaneous
transmission of several radiotelegraph transmitters.

Ques. 6.111. If you were a radio operator on a vessel of the
United States, equipped with an approved type of auto alarm
which employs a linear detector and an electronic selector,
what would result upon failure of a vacuum-tube filament?

Ans. The bells would ring.

Ques. 6.112. With an auto alarm of the type which
employs a linear detector and an electronic selector, what is
the most probable cause of the intermittent ringing of the
belis?

Ans. This would probably be caused by a fluctuating line
voltage beyond certain limits.

Ques. 6.113. With an auto alarm of the type which
employs a square-law detector and a mechanical selector,
what factors cause the bell to sound? The warning lights to
operate?

Ans. The bells will ring upon (1) receipt of true alarm
signul, (2) receipt of false alarm signal, (3) failure of equipment
in auto alarm, such as (a) failure of any heater, (b) storage-
battery voltage too low, (¢) selector fuse on battery charger
blown or 24-volt circuit open, (d) motor stopped or running
too slow, (e) heater circuit or 24-volt circuit to receiver open,
or (f) ground on alarm-bell circuit.

The warning lights will operate upon the reception of a long
dash, or because of strong local noise or static conditions.
The remedy is to reduce the sensitivity control. The warning
lights also operate when the ship’s direct-current power fails or
falls below 70 volts, thereby switching in the auxiliary B
batteries.

Ques. 6.114. If an auto-alarm bell rings, and upon pressing
the release button it does not stop, what could be the cause (s)?
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Ans. Since the button is designed to break the bell circuit
(in series) it is evident that the bells are electrically grounded
or the relay arm is stuck in the closing position.

Ques. 6.115. If an auto-alarm bell rings, and upon pressing
the release button it stops, what could be the cause(s) of the
ringing?

Ans. Receipt of alarm signal, true or false. This condi-
tion may also be caused by the closing of the selector relay and
is brought about by a break after a series of four dashes has
been received.

Ques. 6.116. With an auto alarm of the type which employs
a square-law detector and a mechanical selector, why does
this receiver not respond to type Al emission?

Ans. Type Al emission is a continuous wave of constant
amplitude; hence it cannot produce detector action when
impressed on the grid of the square-law detector.

Ques. 6.117. From how many simultaneous directions is a
direction finder capable of receiving signals if adjusted to
take unilateral bearings through 360 degrees?

Ans. From one direction only.

Ques. 6.118. What figure rep-
resents the reception pattern of
a properly adjusted unilateral
direction finder?

Ans. A cardioid figure as shown
in Fig. 6-7, the heavy-line curve

being the eardioid. Fia. 6-7. Unilateral charac-
teristic.

Ques. 6.119. What is the principal function of a vertical
antenna, associated with a unilateral direction finder?

Ans. To determine definitely the “sense’ of direction.
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Ques. 6.120. What is the principal function of the vertical
antenna associated with the bilateral direction finder?

Ans. To provide proper balance and thereby minimize
distortion of local field by nearby metal objects.

Ques. 6.121. Why are loop antennas, associated with
direction finders, metallically shielded?

Ans. Metallic shielding minimizes the so-called ‘“‘antenna
effect.” It reduces deviation due to capacity effects with the
ground.

Ques. 6.122. What is a ‘“compensator” as used with
direction finders, and what is its purpose?

Ans. A ““compensator’ as used in direction finders is a
device attached to the loop shaft which mechanically com-
pensates the error on the compass indicator for the deviation
caused by antenna effect owing to the presence of nearby
metallic objects. This mechanical compensator automatically
causes the compass indicator to lag or lead the plane of the
direction-finder loop by the necessary amount to assure correct
compensation.

Ques. 6.123. How is the unilateral effect obtained in a
direction finder?

Ans. By the use of a small vertical antenna coupled to the
loop direction finder. If a small vertical antenna is coupled
to the loop antenna and both are tuned to resonance, the two
voltages at the input grid will have either a 0- to 180-degree
phase relationship. A cardioid pattern such as illustrated in
Fig. 6-7 will be obtained.

Ques. 6.124. What factors may affect the accuracy of a
properly compensated and calibrated direction finder, after
installation?

Ans. Antenna effect. This is generally due to direct
pick-up from nearby metallic objects, but these may be
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minimized by proper compensating adjustments. If all
adjustments are properly made, the trouble is generally due to
an erratic variation of the sky wave at night compared to
ground waves. This is known as ‘“night effect.”

Ques. 6.125. What does the bearing obtained by the use of
a bilateral radio direction finder indicate?

Ans. The line of direction along which the signal is
traveling.

Ques. 6.126. What does the bearing obtained by the use
of a unilateral direction finder indicate?

Ans. The sense of direction from which the signal
emanates.

Ques. 6.127. If the vacuum-tube heater burns out, in an
approved auto alarm, what causes the warning bells to ring?

Ans. The operation of a special relay in the receiver. This
relay is in series with the heaters and controls the bell circuit.

Ques. 6.128. What is the function of the balancing con-
denser in a direction finder?

Ans. To provide the proper loop balance; that is, to
balance out the stray capacity and inductive effects existing
between the loop and ground. It permits the obtaining of a
sharper null point.

Ques. 6.129. What signal will cause an approved auto-
alarm receiver to ring the warning bell?

Ans. 1. Receipt of true-alarm signal.

2. Receipt of false-alarm signal.

3. Failure of equipment in auto alarm.

The following equipment troubles will cause the bell to
sound:

1. Failure of any heater.

2. Storage-battery voltage too low.

375



RADIO OPERATING QUESTIONS AND ANSWERS

3. Selector fuse on battery charger blown.

4. Motor stopped or running too low.

5. Vacuum-tube heater circuit or 24-volt circuit to receiver
open.

6. Ground on alarm-bell circuit.

Ques. 6.130. To what frequency, or band of frequencies,
is an approved auto-alarm receiver tuned?

Ans. A band of frequencies ranging from 487.5 to 512.5
kiloeycles.

Ques. 6.131. What is the maximum permissible (root-
mean-square) r.m.s. value of audio voltage which can be
applied to the grid of a class A audio amplifier which has a grid
bias of 10 volts?

Ans. Since the peak value must not exceed the 10 volts
grid bias, the r.m.s. value of the audio signal must not exceed
7.07 volts.

Ques. 6.132. What is the effect of leakage in the coupling
condenser in an impedance or resistance-coupled amplifier?

Ans. Serious distortion will occur. This is so because the
control grid of the succeeding tube will be positive with respect
to cathode. A heavy rise in plate current and lowering in the
plate voltage will occur, thereby seriously altering the plate
1,-E, curve.

Ques. 6.133. What is the direct-current plate voltage of a
resistance-coupled amplifier stage which has a plate-supply
voltage of 260 volts, a plate current of 1 milliampere, and a

- plate-load resistance of 100,000 ohms?

Ans. The potential difference between the plate and the
cathode of the tube will be 160 volts.
E = IR = 100,000 X 0.001 = 100 volts.
260 — 100 = 160 volts

376




ADVANCED RADIOTELEGRAPHY  Element 6

Ques. 6.134. List four causes of distortion in a class A
audio amplifier.

Ans. 1. Excessive grid excitation,

2. Improper grid-bias adjustment.

3. Improper plate-supply voltage adjustment.
4. Improper value of load impedance.

Ques. 6.135. In a radio-frequency amplifier stage having a
plate voltage of 1,250 volts, a plate current of 160 milliamperes,
a grid current of 16 milliamperes, and a grid-leak resistance of
4,000 ohms, what is the value of the operating grid bias?

Ans. E = IR = 0.015 X 4,000 = 60 volts.

Ques. 6.136. In a radio-frequency amplifier, employing
fixed grid bias, as the plate circuit is varied in adjustment from
a point below resonance to a point above resonance, what
effect will be observed on the grid current?

Ans. The grid current will normally rise slightly as the
plate tank circuit is tuned through resonance.

Ques. 6.137. What is the primary function of the power-
amplifier stage of a marine radiotelegraph transmitter?

Ans. To develop the power input for the antenna system
and to provide the suitable coupling transfer. It also permits
better frequency stability by isolating the oscillator from the
antenna.

Ques. 6.138. In a series-fed plate circuit of a vacuum-tube
amplifier, what could be the effect of a short circuit of the plate-
supply by-pass condenser?

Ans. It would short-circuit the power supply.

Ques. 6.139. In a shunt-fed plate circuit of a vacuum-tube
amplifier, what would be the effect of an open circuit in the
plate radio-frequency choke?
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Ans. The plate voltage would be removed from the tube
plates.

Ques. 6.140. What is the function of a dummy antenna?

Ans. The dummy antenna is a noninductive resistance
which serves as a substitute for the antenna resistance in
making circuit adjustments without the use of an antenna.
It enables the operator or engineer to make his power-amplifier
output adjustments without creating unnecessary interference.
In other words, it is a load substitution for an antenna.

Ques. 6.141. What is the primary advantage to be obtained
by shunting a high-resistance fixed resistor across each unit
of a high-voltage series condenser bank in the power-supply
filter circuit of a transmitter?

Ans. To equalize the voltage drop across each condenser,
distribute the strain, and to discharge the condensers after
shutdown.

Ques. 6.142. What is the effect of an inductance connected
in series with the antenna circuit?

Ans. It increases the fundamental wavelength of the
antenna; that is, it decreases the antenna resonant frequency.

Ques. 6.143. If a vacuum tube in the onlyradio-frequency
stage in your receiver burned out, how could you make
temporary repairs to permit operation of the receiver?

Ans. The plate winding of the radio-frequency transformer
may be used as the antenna primary coil. A coupling con-
denser from the antenna to the plate side of the radio-frequency
tube socket may be used.

Ques. 6.144. What is the meaning of “‘high-level” modula-
tion?

Ans. “High-level” modulation is that system in which the
modulated-amplifier stage is also the final power-amplifier
stage.
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Ques. 6.146. What is the meaning of “low-level” modula-
tion?

Ans. “Low-level” modulation is that system in which the
modulated radio-frequency-amplifier stage precedes the final
power-amplifier stage.

Ques. 6.146. If the plate current of the final radio-fre-
quency amplifier in a transmitter increased and radiation
decreased, although the antenna circuit is in good order,
what would be the possible causes?

Ans. This may be due to a shorted turn in the sccondary
of the output-coupling transformer, a short-circuited second-
ary-shunt tuning condenser, or poor neutralization.

Ques. 6.147. A master-oscillator power-amplifier type of
transmitter has been operating normally. Suddenly the
antenna ammeter reads zero, although all filaments are burn-
ing and plate and grid meters are indicating normal voltages
and currents. What would be the possible cause(s)?

Ans. This may be due to any of the following causes:
Overloaded or defective ammeter, defective antenna insula-
tion, circuits not in resonance, poor connections on the antenna,
or improper coupling.

Ques. 6.148. What could cause abnormally low voltage at
the input power terminals of a lifeboat radiotelegraph trans-
mitter, while it is in operation?

Ans. This may be due to a low state of charge of the supply
battery or excessive overloading.

Ques. 6.149. What is the result of excessive coupling
between the antenna and output circuits of a self-excited type
of vacuum-tube transmitter?

Ans. Erratic operation, tube overloading, and frequency
instability. (See Ques. 5.195.)
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Ques. 6.160. What is the purpose of the iron compound
cylinders which are found in the inductances of certain marine
radiotelegraph transmitters? The position of the cylinders.
with respect to the inductances, is adjustable for what purpose?

Ans. These are provided for variable reactance tuning.
They are adjustable so that the inductance value may be
changed, thus effecting a change in frequency adjustment.

Ques. 6.161. What is the most common cause of spli
tuning?

Ans. Improper adjustment of mutual coupling.

Ques. 6.162. Should the antenna circuit of a master-
oscillator, power-amplifier type of transmitter be adjusted to
the resonant frequency before the plate-tank circuit of the
final stage? Give the reason(s) for your answer.

Ans. No. The tank circuit should first be resonated to the
excitation frequency for a minimum plate-current indication
on the direct-current milliammeter. The antenna circuit is
then tuned to resonance and the plate circuit readjusted tc
compensate for the antenna-loading effect. The minimum
plate-current reading when the antenna is tuned to resonance
with the plate-tank circuit will be higher than with untuned
antenna conditions. Another reason for tuning the power
amplifier first is that this stage must be neutralized before any
antenna-transfer adjustments are made.

Ques. 6.153. In a transmitter involving a master oscillator,
intermediate amplifier and final amplifier, describe the order
in which circuits should be adjusted in placing this transmitter
in operation.

Ans. From the master oscillator toward the antenna
circuit.

Ques. 6.164. What is a “frequency-doubler” stage?
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Ans. This is an amplifier in which the plate circuit is
tuned to a harmonic of the grid-excitation frequency. It is
generally adjusted to double that of the input frequency.

Ques. 6.166. Define “parasitic oscillations.”

Ans. Spurious audio- or radio-frequency oscillations inde-
pendent of the normal circuit frequency. They are commonly
brought about by coupling between leads through parallel
connecting of tubes.

Ques. 6.166. What is the effect of parasitic oscillations?

Ans. Erratic operation, circuit instability, possible serious
overheating of the tubes, overloading, and decreased efficiency.

Ques. 6.167. What may cause a radio-frequency amplifier
to have excessive plate current?

Ans. Improper neutralization, parasitic oscillation, exces-
sive radio-frequency drive, insufficient load impedance, insuffi-
cient grid bias, excessive plate voltage, or improper output
tuning.

Ques. 6.168. What are some of the indications of a defec-
tive vacuum tube in a transmitter?

Ans. Low plate-current readings if the trouble 13 due to
low-filament emission, or excessive plate current if the tube
has developed gas. Unstable readings during operation will
result.

Ques. 6.1569. At what point on a shipboard antenna system
will the maximum potential be noted?

Ans. At the insulators, particularly at the one farthest
away from the lead-in. This is generally referred to as the
free or high-potential end.

Ques. 6.160. What is the effect upon a transmitter of dirty
or salt-encrusted insulation?
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Ans. Decreased radiation, erratic antenna, and plate
milliammeter readings. Increased corona or brush discharge
losses. Increased leakage losses.

Ques. 6.161. Why do many marine transmitters employ
variometers rather than variable condensers as the tuning
adjustments?

Ans. Because, in order to maintain a proper @ for various
frequencies, the inductance rather than the capacity of the
oscillatory circuit must be varied. The use of variometers
also permits constant L-C ratio.

Ques. 6.162. What is the relationship between the antenna
~urrent and radiated power of an antenna?

Ans. The antenna current squared value X the antenna
resistance gives a true measure of radiated power.

Ques. 6.163. Why is a self-excited oscillator type of trans-
mitter undesirable for shipboard service?

Ans. Because of its frequency instability.

Ques. 6.164. What is the fundamental difference(s)
between the Hartley and Colpitts oscillators?

Ans.  Both cireuits obtain grid excitation directly from the
resonant circuit, the Hartley from a portion of the tank coil,
which is split for this purpose, and the Colpitts from a portion
of the tank capacity through a split-condenser arrangement.

Ques. 6.166. How is the keying of a simple-oscillator type
of emergency marine transmitter usually accomplished?

Ans. Transformer primary keying is generally used.

Ques. 6.166. If you found that it was impossible to keep
the receiver-storage A battery charged, and at the same time
maintain the required watch period, what remedy may be
found?
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Ans. The emergency power supply on board a cargo vessel
(on which a separate main and emergency installation is not
provided), subject to Title I, Part I of the Communications
Act, while being navigated in the open sea, is authorized to be
used only for emergency communication except that it may be
used for routine communication for a period not to exceed one
hour per day in the aggregate. However, a storage battery
which is the emergeney power supply or a part thereof, may
be used at any time to maintain a watch for safety purposes
if such use will not reduce the ability of the emergency power
supply to energize the emergency installation for a period of at
least six consecutive hours.

Ques. 6.167. What time zone shall be used in making log
entries with respect to the observance of the international
silent period?

Ans. The time of making an entry shall be shown opposite
the entry and shall be expressed in Greenwich mean time
(GMT) (counted from 00:00 to 24:00 o’clock, beginning at
midnight). The first entry in each hour shall consist of four
figures; additional entries in the same hour may be expressed
in two figures by omitting the hour designation. The abbrevi-
ation “GMT” shall be marked at the head of the column in
which the time is entered.

Ezamples:

Greenwich

Local Time Mean Time
12midnight. .. ... ... . . . 0000
12:80 A M. ..o e 0030
6:00 AM. ... e 0600
12:00N00ON . .. ...t e 1200
1:00 PoM. ..o 1300
4:00 PV .. 1600
T1:89 PoM. 2359

Ques. 6.168. Under what circumstances must log entries
be made regarding the observance of the international silent
period?
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Ans. During the period a watch is maintained by an
operator, an entry shall be made twice per hour stating whether
or not the international silent period was observed. In addi-
tion, entries shall be made indicating any signals or communi-
cations heard on 500 kilocycles (410 kilocycles on the Great
Lakes) during this period. If no signals are heard on 500
kilocyeles (410 kilocycles on the Great Lakes), an entry to that
offect shall be made. The use of rubber stamps for making
entries to show observation of the silent period is not authorized.

Ques. 6.169. At what time(s) are routine transmissions
forbidden in the bands of 480 to 520 kilocycles?

Ans. In order to increase safety of life at sea (ships), and
over the sea (aircraft), all the stations of the maritime mobile
service which normally listen on the waves of the authorized
bands between 365 and 515 kiloeyeles (822 and 583 meters)
must, during their working hours, make the necessary pro-
visions to insure the watch on the distress wave, 500 kilocycles
(600 meters), twice per hour, for three minutes, beginning at
x:15 and at x:45 o’clock, GMT.

Ques. 6.170. At what time(s) must the international silent
period be observed?

Ans.  (See Ques. 6.169).

Ques. 6.171. After a distress call has been transmitted,
every distress-traffic radiotelegram shall contain what symbol
in the preamble?

Ans. Every distress-traffic radiotelegram must include the
distress signal preceding the call and repeated at the beginning
of the preamble.

Ques. 6.172. Under what conditions may a mobile station,
the service of which is not continuous, close?

Ans. Ship stations, the service of which is not continuous
may not close before having:
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1. Finished all operations called for by a distress call.

2. Exchanged, as far as possible, all radiotelegrams orig-
inating in or destined to land stations which are within their
range, and mobile stations which, being within their range,
have signaled their presence before the effective cessation of
work.

A mobile station which has no fixed working hours must
advise the land station with which it is in communication of the
closing and reopening hours of its service.

Any mobile station which arrives in a port and the service
of which is accordingly about to close, must so advise the
nearest land station and, if necessary, the other land stations
with which it generally eommunicates. It must not close until
it has cleared all traffic on hand, unless the regulations of the
country where it calls prohibit. At the time of its departure,
it must advise the interested land station or stations of its
reopening, as soon as such reopening is permitted by the regula-
tions in force within the country in which the port of departure
is located.

Ques. 6.173. How long must mobile stations listen after
hearing an urgent signal?

Ans. Mobile stations hearing the urgent signal must listen
for at least 3 minutes. After this interval, and if no urgent
message has been heard, they may resume their normal service.

Ques. 6.174. What space of time should elapse between
the transmission of the international auto-alarm signal and the
distress call?

Ans.  When circumstances permit, the transmission of the
distress call shall be separated from the end of the alarm signal
by a two-minute silence.

Ques. 6.1756. What exceptions are permitted to the regula-
tion which states that a mobile station, which has no fixed
working hours, must advise the land station with which it is in
communication of the closing and reopening hours?
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Ans. If the regulations of the country where the ship
calls prohibit the use of the ship’s radio transmitter while the
ship is within the territorial waters of that eountry, the mobile
station is not required by international law to report its closing
to the nearest land station.

Ques. 6.176. How frequently must an entry be made in
the marine radio log while a radio watch is being maintained?

Ans. Once every 15 minutes.

Ques. 6.177. During what periods must a distress message
be repeated, following the initial transmission?

Ans. The distress message must be repeated at intervals
until an answer has been received, and especially during the
periods of silence.

Ques. 6.178. Upon what bodies of water is the frequency
of 600 kilocycles not utilized as the international calling and
distress frequency?

Ans. The frequency of 500 kilocycles is utilized as the
international calling and distress frequency on all bodies of
water,

Ques. 6.179. What station shall be in control of distress
traffic?

Ans. The control of distress traffic shall devolve upon the
mobile station in distress or upon the mobile station which
has sent the distress call. These stations may delegate the
control of the distress traffic to another station.

Ques. 6.180. What transmission should precede the trans-
mission of the distress call?

Ans. The distress call, when sent in radiotelegraphy on
500 kilocycles (600 meters) shall, as a general rule, be imme-
diately preceded by the alarm signal.
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Ques. 6.181. Describe how a distress call should be made.

Ans. The distress call shall include:

1. The distress signal transmitted three times.

2. The word DE.

3. The call signal of the mobile station in distress trans-
mitted three times.

Ques. 6.182. Under what circumstances, and by whom,
may the international auto-alarm signal be transmitted to
announce an urgent cyclone warning?

Ans. The only purpose of this special signal is to set into
operation the automatic apparatus used to give the alarm.
It must only be used either to announce that a distress call or
message is to follow, or to announce the transmission of an
urgent cyelone warning; in the latter case it can only be used by
coast stations duly authorized by their government.

Ques. 6.183. While a vessel is at sea, how frequently
must the auto alarm be tested?

Ans. While the ship is being navigated outside a harbor
or port, the auto alarm shall be tested at least once every 24
hours by means of the testing device supplied as part of the
alarm, the timing of the dashes to be made by reference to
the second hand of the ship-stationclock. Astatement that the
foregoing requirement has been fulfilled must be inserted in the
radio-station log daily.

Ques. 6.184. Describe the number of dashes, or dots, and
spaces which compose the international auto-alarm signal and
indicate the time intervals involved.

Ans. The alarm signal shall consist of a series of 12 dashes
sent in one minute, the duration of each dash being four
seconds and the duration of the interval between two dashes,
one second. It can be transmitted by hand or by means of an
automatic instrument. Any ship station working in the band
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of 365 to 515 kilocycles (822 to 583 meters), and which is not
provided with an automatic apparatus for the transmission of
the auto alarm signal must be permanently equipped with a
clock distinctly marking the seconds, preferably by means of a
moving hand completing one revolution per minute. This
clock must be placed at a point sufficiently visible from the
keying table so that the operator may, by watching it, easily
and correctly time the different elements of the alarm signal.

Ques. 6.185. Describe the safety signal.

Ans. In radiotelegraphy, the safety signal shall consist of
the group TTT, transmitted three times, with the letters of
each group, as well as the consecutive groups, well separated.
This signal shall be followed by the word DE and three trans-
missions of the call signal of the station sending it. It
announces that this station is about to transmit a message
concerning the safety of navigation or giving important
meteorological warnings.

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

Ques. 6.186. During what periods must the safety signal
be transmitted?

Ans. In the maritime mobile service, apart from messages
transmitted according to a schedule, the safety signal must
be transmitted toward the end of the first ensuing period of
silence, and the message shall be transmitted immediately
after the period of silence.

Ques. 6.187. Indicate the order of priority of the various
types of radio communications.

Ans. The order of priority of radio communications in the
mobile service shall be as follows:

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

2. Communications preceded by an urgent signal.

388



ADVANCED RADIOTELEGRAPHY Element 6

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.

Ques. 6.188. Upon hearing a safety signal, what should
the operator at the receiving station do?

Ans. All stations hearing the safety signal must continue
listening on the wave on which the safety signal has been sent
until the message so announced has been completed; they
must moreover keep silence on all waves likely to interfere
with the message.

Ques. 6.189. When the auto-alarm bell rings, what should
the operator do?

Ans. The alarm bell may be caused to ring for one or the
other of the following reasons:

1. Receipt of true alarm signal from a distant station.

2. Failure of equipment in auto-alarm installation.

If the alarm rings, the operator must first determine if the
bells are caused to ring by a failure in the auto-alarm equip-
ment. He can do this by pressing the release button provided
for this purpose. If the alarm bell does not stop when this
button is pressed, there is trouble with the auto-alarm equip-
ment. The operator must take the proper action to correct
the trouble.

If the alarm bell does stop ringing when the release button
is pressed, this signifies that a true alarm has been received.
Under these conditions, the operator must go on watch imme-
diately and listen in on the distress frequency for the distress
call, distress message, or meteorological warning which should
follow the alarm signal within two minutes. (See also Ques.
6.174 and 6.192.)
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Ques. 6.190. If you received a distress call signed by a
call signal composed of five letters, could you determine the
type of craft which transmitted the signal?

Ans. The answer can be deduced from the following table:
1. Land stations have three-letter call signals.

2. Ship stations have four-letter call signals.

3. Aireraft stations have five-letter call signals.

Ques. 6.191. You intercept “CQ CQ WSV TFC QSY 735
AS.” What does this mean?

Ans. CQ means general call “to all.”
WSV is the call letter of a shore station.
TFC means ““traffic.”
QSY 735 means “shift to transmission on 735 meters.’
AS means “wait”’ or “stand by for shift.”
Hence, the above communication reads:
““All (ship) stations shift to 735 meters and listen to see if
your call is included in the traffic list, signed WSV.” (Con-
sult Appendix I for further abbreviations.)

’

Ques. 6.192. Upon hearing an SOS, what should an oper-
ator do?

Ans. This call shall have absolute priority over other
transmissions. All stations hearing it must immediately
ccase all transmission capable of interfering with the distress
traffic, and must listen on the wave used for the distress call.
This call must not be sent to any particular station and shall
not require an acknowledgment of receipt.

Ques. 6.193. On a vessel of the United States equipped
with an approved auto alarm where is the control button,
which silences the warning bells, located?

Ans. Only one switch for stopping the audible warning
apparatus from functioning is authorized and this shall be
located in the main radiotelegraph operating room and shall
be capable of manual operation only.
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Ques. 6.194. What is the radiotelegraph urgent signal?

Ans. In radiotelegraphy, the urgent signal shall consist of
the group XXX transmitted three times, with the letters of
each group, as well as the consecutive groups, well separated;
it shall be sent before the call.

Ques. 6.196. With what type(s) of emission and upon
what frequency should a transmitter be adjusted to transmit
a distress call?

Ans. In case of distress, the wave to be used shall be the
international distress wave, that is, 500 kilocycles (600 meters);
it must preferably be used with type A2 or B emission. Ship
stations which cannot transmit on the international distress
wave shall use their normal calling wave.

Ques. 6.196. Upon what band of radio frequencies must
an approved auto-alarm receiver function?

Ans. From 487.5 to 512.5 kilocycles.

Ques. 6.197. Upon compulsorily equipped vessels, which
are required to have an accurate clock in the radio room, how
frequently must this clock be adjusted and compared with
standard time?

Ans. At least once every 24 hours. For this purpose,
authentic radio time signals received from land or fixed sta-
tions shall be acceptable as standard time.

Ques. 6.198. Within what frequency-band limits do all
United States marine radio-beacon stations operate?

Ans. From 285 to 315 kilocycles.

Ques 6.199. Upon what frequency should a navy direction-
finding station be called to obtain a radio bearing?

Ans. 375 kilocycles.

Ques. 6.200. Upon what band, in addition to the 360-516
kilocycles band, must a main receiver on a compulsorily
equipped United States ship be capable of operation? What
is the purpose of this additional band?
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Ans. From 100 to 200 kilocycles. To provide long-wavi
radiotelegraph long-distance communication.

Ques. 6.201. While a vessel is in port, how frequentl
should the emergency equipment be tested?
Ans. Not at all, except just prior to departure.

Ques. 6.202. How frequently must the quantity of fuel it
the supply tank for use with an oil or gas-driven emergenc:
generator be checked, while the vessel is in the open sea?

Ans. Once each day.

Ques. 6.203. While the vessel is in the open sea, how fre:
quently must the specific gravity of the emergency battery b«
taken?

Ans. Once each day.

Ques. 6.204. While the vessel is in the open sea, how fre-
quently must the emergency equipment be tested?

Ans. Once each day.

Ques. 6.206. What is the principal port of the United States
on the Pacific Coast, at which navigation lines terminate?

Ans. San Francisco.

Ques. 6.206. In what city is the major telecommunicatior
center of the United States located?

Ans. New York City.

Ques. 6.207. What is the approximate latitude of Colon
Republic of Panama?

Ans. This can be found in the table below.

Approximate
Port Latitude  Longitude
Colon, Panama.................. 9.4°N 80°W
Los Angeles, Calif.......... . 34°N 118°W
New Orleans, La.............. ... 30°N 90°W
New York, N. Y................. 41°N 74°W
San Francisco, Calif.............. 38°N 122.5°W
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Ques. 6.208. In what ocean is the island of Guam located?
Ans. Pacific Ocean.

Ques. 6.209. To what continent do the greatest number of
telecommunication channels from the United States extend?

Ans. Europe.

Ques. 6.210. What is the principal Atlantic Coast port of
the United States at which navigation lines terminate?

Ans. New York City.

Ques. 6.211. List four principles by which an e.m.f. may
be generated by sound waves.

Ans. 1. Resistance variation (Carbon microphone).
2. Dynamic (Dynamice, or ribbon microphone).

3. Piezo-electric (Crystal microphone).

4. Electrostatic (Condenser microphone).

Ques. 6.212. What is indicated in a radiotelephone trans-
mitter by an increase in antenna current without carrier shift?

Ans. Modulation must be taking place.

Ques. 6.213. What methods may be used to reduce fringe
howl! in a regenerative receiver?

Ans. TFringe howl may be eliminated by shunting a 100,-
000-ohm resistance across the primary winding of the detector
audio-frequency transformer.

Ques. 6.214. Knowing the intermediate frequency and the
signal to which a superheterodyne receiver is tuned, how would
you determine the most probable frequency on which “image”
reception would occur?

Ans.  Any complement of frequencies other than the one to
which the receiver is tuned which will give the value of the
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intermediate frequency. In other words, the sum of the
desired signal frequency and twice the value of the inter-
mediate frequency is the “image” frequency.

Ques. 6.2156. How is the degree of coupling varied in a pi
network used to transfer energy from a vacuum-tube plate
circuit to an antenna?

Ans. A pt network is shown in Fig. 48. The coupling
is usually varied by adjusting the series inductance. To
increase coupling decrease inductance, and vice versa.

Ques. 6.216. What means are usually provided to prevent
operation of the ship’s transmitter when the auto-alarm
receiver is in use?

Ans. The transmitter key-relay power-supply circuit is
opened when the auto-alarm receiver is in use.

Ques. 6.217. Explain how you would determine the value
of the cathode-bias resistor for a specific-amplifier stage.

Ans. By referring to the tube characteristic chart for the
proper operating voltages and currents, the bias resistor may
be calculated by the formula

Rbi“ = %,

where I = the total return eurrents flowing to the cathode,
namely, the plate and screen-grid currents.

Ques. 6.218. In a class A audio-frequency amplifier, what
is the main advantage obtained through the use of two triodes
in push-pull as compared to parallel operation?

Ans. Balancing out of the second harmonic component,
hum, and subsequent distortion. Greater power output and
prevention of core saturation in the transformer plate winding.

Ques. 6.219. Explain briefly the construction and charac-
teristics of a beam power tube.
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Ans. The basic structure of the beam tube is practically
the same as for any pentode with the exception that an extra
reflecting or beam-forming plate is placed near the plate so
that the clectrons are uniform in their progress towards the
plate. This concentration of the electron stream towards the
plate gives rise to a perfectly uniform distribution of the space
charge. The control and screen grids are so aligned that the
wires of the latter fall in the shadow of the former. Far
greater power-output capabilities are achieved.

Ques. 6.220. Explain the operating procedure employed
in neutralizing a radio-frequency power amplifier, using a
thermocouple ammeter as an indicating device.

Ans. Open the plate-supply switch to the radio-frequency
stage to be neutralized. Open up the main power switch to
all tubes and discharge all high-voltage condensers. Insert a
thermocoupled galvanometer into the low-potential side of the
plate-tank circuit of the stage to be neutralized. Engage
the neutralizing condenser about one-third position. Close
the main power switch but leave the plate-supply switch of the
amplifier open. Increase the radio-frequency drive gradually
and tune all circuits to resonance. Observe the reading on
the thermocouple galvanometer and vary the neutralizing
condenser until this reading is a minimum or, preferably, zero.
Remove the thermocouple galvanometer and insert the regular
ammeter. Close the high-voltage plate-supply switch to the
radio-frequency amplifier just neutralized. Carefully recheck
and balance all circuits to minimum plate-current dips.

Ques. 6.221. For what purposes are decoupling networks
used in audio-frequency amplifiers?

Ans. Decoupling networks are employed to stabilize
amplifier operation. These networks reduce the common
impedance coupling relations between circuits and thereby
prevent regencrative effects and self-oscillation. Distortion
is reduced and quality of reproduction is greatly improved.
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Ques. 6.222. Under what circumstances is a station in the
mobile service not required to listen to distress traffic?

Ans. A station of the mobile service which, while following
distress traffic of which it is aware, is able to continue its
normal service, may do so, when the distress traffic is well
established, under the following conditions:

1. The use of the distress wave, 500 kilocycles (600 meters),
of the wave on which the distress traffic is taking place and
type-B waves shall be forbidden.

2. The use of type Al waves, with the exception of those
which might interfere with the distress traffic, shall be
permitted.

Ques. 6.223. What interval of time must elapse between
the end of the auto-alarm signal and an urgent cyclone
warning?

Ans. Two minutes.

Ques. 6.224. Describe the international auto-alarm signal.

Ans. The alarm signal shall consist of a series of 12 dashes
sent in one minute, the duration of each dash being four sec-
onds and the duration of the interval between two dashes, one
second. It can be transmitted by hand or by means of an
automatic instrument. Any ship station working in the band
of 365 to 515 kilocycles (822 to 583 meters), and which is not
provided with an automatic apparatus for the transmission
of the auto-alarm signal must be permanently equipped with
a clock distinetly marking the seconds, preferably by means
of a moving hand completing one revolution per minute.
This clock must be placed at a point sufficiently visible from
the keyving table so that the operator may, by watching it,
easily and correctly time the different elements of the alarm
signal.

Ques. 6.2256. What is the international distress frequency
for stations in the mobile service?

Ans. 500 kilocycles.
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Ques. 6.226. Explain the principle of operation and list the
main characteristics of a shunt direct-current motor, a series
direct-current motor, and a compound direct-current motor.
Explain how the speed of each can be regulated. Draw a
simple schematic diagram of each of the types of motors
including a starting device.

Ans. Figure 6-8 illustrates the circuit arrangement of a
shunt, series, and compound motor with speed control and

+ + +
STARTER AND
SPEED CONTROL

STARTER
RESISTORS

SREED FIELDS
NTR -
CONTROL CONTROL == " AIDING
o.C.
LINE
ARM ARM ARM
~ SERIES WOUND ~ SHUNT WOUND COMPOUND WOUND MOTOR
MOTOR MOTOR {ACCUMUL ATIVE)

STARTER

RESISTORS ~—-~STARTING
CONTROL —— —FIELDS 4 RESISTORS
BUCKING M
0. YT
e 1| No-FIELD
‘\@ <l - ~RELEASE
= ) MAGNET
ARM O-<OJ
— L F A
COMPOUND WOUND MOTOR STARTING BOX

(OIFFERENTIAL)
F1a. 6-8. Series, shunt, and compound d-c motors.

starting devices. The shunt-type motor possesses a fairly
constant speed characteristic under no-load versus full-load
conditions. The series motor on the other hand shows a
relatively greater drop in speed when the load is applied.
The compound-wound motor due to its series and shunt field
connections provides the advantages of both the speed and
torque characteristics of the series and shunt types. It pro-
vides a more effective starting torque and, on the whole, gives
better speed regulation under changes in full-load to no-load
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operating conditions than either the shunt or series types.
(See also Ques. 2.170 and 2.304.)

Ques. 6.227. What is the danger of operating a direct-
current series motor without a load?

Ans.  The removal of the load in a direct-current series-
type of motor will cause the motor to run at an abnormally high
speed. When a series motor is operated without a load or if
the load is suddenly removed, the instantancous rise to a very
high speed may cause the motor to be mechanically disrupted
or tear apart. A series motor under these conditions develops
an increased counter e.m.f. owing to the Increased rate in
which the magnetic field is cut. The line current therefore is
relatively less than under full-load operating conditions.

Ques. 6.228. Explain the principle of operation and list the
main operating characteristics of a direct-current shunt
generator and a direct-current compound generator. Explain
how the voltage of a direct-current generator can be controlled.
Draw a simple schematic diagram of each of these types of
generators.

Ans.  The shunt-wound and compound-wound types of
direct-current generators are illustrated in Fig. 6-9. The
shunt-type generator has a tendency to lose excitation under
an overload condition. This serves as a protective medium
when the generator is subjected to overload. The output
terminal voltage will be decreased in approximate proportion
to the IR drop in the armature and the armature reaction.

The most important characteristic of the compound-wound
type of direct-current generator is its more constant output
voltage under load conditions. The additional series field
winding compensates for the /R drop and field demagnetiza-
tion and tends to regulate the output voltage to a steady level.
It is also possible to increase the strength of the series winding
so that the output voltage may rise slightly under loading
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Fig. 6-9.  Self- and separately excited shunt-compound generators.

conditions. The former is referred to as a fat-compounded
generator, and the latter as an overcompounded generator.

Ques. 6.229. Explain the principle of operation of an induc-
tion motor and how such motors are started.

Ans. The induction motor operates upon a principle
similar to that of a transformer with a rotatable secondary
winding.

Starting of induction motors is accomplished by the inser-
ion of a series resistance in the rotor circuit with a short-
sireuiting switch across the resistor for operation at normal
oad speeds.  Other starting methods are the auto-transformer
ind double-winding types. In the former method, a tapped
wto-transformer is connected across the line with the neces-
sary taps to limit the current flow during the start period.
(n the latter method, two rotor windings are provided, one of
1gh resistance for starting and the other of low resistance for
1ormal running speeds.  Induction motors below 3-horsepower
ating generally do not require starting devices. Some types
of single-phase induetion motors employ capacitor starters
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which include a condenser and a separate winding in series to
effect the proper phase shift when starting. This circuit is
automatically disconnected when the rotor comes up to normal
running speed.

Ques. 6.230. What conditions must be met before two
alternating-current generators can be operated in parallel?

Ans. The essentials for operating alternating-current
generators in parallel are as follows: The terminal polarities of
both generators must be the same, the voltage must be
balanced between the generators both under no-load and full-
load conditions, and both generators must be running at the
same frequency and in phase.

Ques. 6.231. If a 220-volt, 60-cycle, single-phase line
delivers 100 watts at 80 per cent power factor to a load, what
is the phase angle between the line current and the line volt-
age? How much current flows in the line?

Ans.  0.568 ampere.
Phase angle = 6 = 37 degrees.

Since
P real watts
POWeI‘ factor = cos 0 = E = m
then
100
O (U et canty) = apparent watts
) 100
*. apparent watts = IE = 08 = 125,
but
. W 125
E = 220 volts; s = =990 = 0.568 ampere.

From the table of cosines, cos § = 0.800 = 36°50’, or approxi-
mately 37 degrees.
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Ques. 6.232. Draw diagrams showing various ways by
which three power transformers can be connected for opera-
tion on a three-phase circuit. Show how only two transform-
ers can be connected for full operation on a three-phase
circuit.

Ans.  See Fig. 6-10a and b.

- o
3¢ 3¢ >
INPUT ] [:#OUTPUT BT > 3#outeut

(A) (B)  (OPEN DELTA
OR V
CONNECTION)

F1a. 6-10. (a) Method of connecting three single-phase transformers for
3-phase operation. (b) Method of connecting two single-phase transformers
for 3-phase operation.

Ques. 6.233. How can low power factor in an electrical
power circuit be corrected?

Ans. Power factor in an inductive circuit containing a
transformer or motor can be corrected by inserting a capaci-
tance (condenser) across the device.

Ques. 6.234. Draw a simple circuit diagram of a voltage-
doubling power supply using two one-half wave rectifiers.

Ans. See Fig. 4-16.
Ques, 6.236. How can the condition of charge of dry ¢“B”
batteries be determined?

Ans. By the use of a high-resistance-type voltmeter under
normal circuit-load conditions.

Ques. 6.236. What precaution should be observed in
storing spare ‘“B” batteries?
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Ans.  Dry batteries should be stored in a dark, dry compart-
ment or container, preferably in a reasonably cool temperature.
Excessive heat and moisture will increase deterioration.

Ques. 6.237. What are the main differences between
Edison and lead-acid types of storage batteries?

Ans.  (See Ques. 2.147, 2.151-153, 2.166, 5.127.)

Ques. 6.238. Draw a sketch showing the construction of a
storage cell.

Ans. See Fig. 6-11.
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F1a. 6-11. Construction of a storage cell.

Ques. 6.239. Define “specific gravity” as used in reference
to storage batteries.

Ans. “Specific gravity” refers to the density of the elec-
trolyte used in storage cells. It is the ratio of the mass of a
body to the mass of an equal volume of water at 4 degrees
centigrade or other specified temperature.

Ques. 6.240. Draw a diagram of the charging circuits of
two batteries using a four-pole double-throw switch such that,
while one battery is on charge, the other is on discharge.
Indicate the direct-current power source, voltage dropping
resistors, and connections to the battery load.
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Ans.  See Fig. 6-12.
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Ira. 6-12. Battery charging arrangement.

L

Ques. 6.241, What is indicated if, in testing a storage
battery, the voltage polarity of some of the cells in the battery
are found reversed?

Ans.  If one or more cells in a storage battery are weak in
relation to the other cell(s), a heavy overload or overdischarge
rate will change the chemical reactions in the weak cell to such
a degree that the polarity may be reversed. This condition
is also possible due to a heavy charge in the reverse direction.

Ques. 6.242. If a hydrometer is not available, how can the
condition of charge of a storage battery be determined?

Ans.  (See Ques. 6.93 and 5.127.)

Ques. 6.243. What is indicated if a voltmeter connected
between the negative side of a ship’s direct-current line and
ground reads the full line voltage?

Ans. 1f the negative side of the ship’s generator is normally
grounded, a voltage reading between the negative side of the
ship’s direct-current line to ground will indicate an open fuse
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or contact in that portion of the line. The voltmeter will read
because of its connection to the positive side of the line through
the circuit load connections such as lamps, motors, ete.

Ques. 6.244. What is meant by the “time constant” of cer-
tain electrical circuits containing resistance and capacitance?

Ans.  (See Ques. 4.172.)

Ques. 6.245. What is the reactance of a 0.01-microfarad
capacitor at a frequency of 3,000 cycles? What is the react-
ance of a 2-henry choke coil at the same frequency?

Ans. A capacitive reactance of 5,308 and an inductive
reactance of 37,680 ohms.

. 1,000.000
X, =- -§7rf_C~ = 5,308 ohms.
X1 = 2xfL = 37,680 ohms.

Ques. 6.246. What is the resonant frequency of a series-
tuned circuit consisting of a condenser of 500 micromicro-
farads, a tuning coil of 150 microhenrys, and a resistance of
10 ohms?

Ans.  580.325 kilocycles.

1 108
s = ——— = —— = 581,000 cycles per second
Jon 2r v/ LC 171 Y P
Ques. 6.247. Draw a diagram of a crystal detector receiver.
Name two substances that can be used as the crystal in such
a receiver.

Ans.  (See Ques. 2.234 and 5.66.)

Ques. 6.248. In the operation of a regenerative-type
receiver how is oscillation of the detector indicated?

Ans. The plate-current flow as indicated by a milliameter
in the detector circuit will show a sharp decrease when the
detector goes into oscillation. (See also Ques. 6.50.)
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Ques. 6.249. Draw a diagram of a superheterodyne
receiver with automatic volume control, and explain the
principle of operation.

Ans. Figure 6-13 illustrates a basic superheterodyne
receiver with automatic volume control.

The operation of this circuit is briefly as follows: An incom-
ing modulated signal impressed across G-K of the first detector,
or mixer tube, develops a radio-frequency signal component in
the plate circuit. The oscillator develops a similar plate-cur-
rent variation in the same plate circuit but of a higher fre-
quency. The two plate-current components develop a
resultant “beat” or ‘intermediate-frequency’” which alone
passes through the intermediate-frequency amplifier. This
signal is amplified through one or more of these stages and is
then rectified in the diode detector circuit. The rectified or
audible signal is then further amplified in the audio-frequency
amplifier circuit.

A portion of the rectified signal is used to develop a negative
voltage with respect to the diode cathode to apply an addi-
tional negative voltage to the grids of the intermediate-fre-
quency amplifier tubes. This voltage varies in accordance
with the signal amplitude and, when strong signals are applied,
produces a control or throttling effect on very strong peak
signal voltages. This leveling action is referred to as auto-
matic volume control.

Ques. 6.250. Define the following terms in reference to
vacuum tubes: amplification factor, plate resistance, mutual
conductance, and maximum inverse plate voltage.

de

Ans.  Amplification factor = p = d_cp (i, constant),
g

. d
Plate resistance r, = (—i—:‘.i’ (e, constant).
p
di
Mutual conductance g, = d_:?p (e, constant).
g
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Plate resistance or plate impedance (alternating-current
resistance), rp, is expressed as the plate-voltage change divided
by the resulting plate-current change in a vacuum tube, all
other conditions being fixed. This must not be confused with
the direct-current plate resistance, which is merely the steady
plate voltage divided by the steady plate current flowing in
the tube.

Maximum inverse plate voltage refers to the conduction
ability of a gas or vacuum tube to conduct in the reverse direc-
tion at certain potentials. The maximum inverse plate volt-
age is approximately three to four times the normal direct-
current output voltage. It is essentially the maximum voltage
a rectifier tube will withstand across its plate cathode during
the nonconducting portion of the rectified cycle without flash-
back. (See also Ques. 4.93.)

Ques. 6.261. Draw a simple schematic diagram of a spark
transmitter, and explain its principle of operation.

Ans.  The spark-discharge oscillatory circuit consists of a
transformer, which supplies power to the condenser of an
oscillatory circuit consisting of a condenser, a spark gap, and
an inductor in series. An analysis of the supply-line low-fre-
queney charging cycle applied to the condenser would show
that, from 0 to 90 degrees of the charging cycle, the condenser
charges. Electrostatic lines of force around the condenser are
gradually increasing. As the charging cycle approaches 90
degrees, an excessive electrostatic strain is manifested between
the points of the spark gap. When the potential difference
across the spark gap reaches the rupture point, there is a break-
ing up of air particles between the electrodes into ions. This
is called ionization of the spark gap.

From 90 to 180 degrees on the charging cycle, the condenser
discharges through the gap and the inductance, converting the
clectrostatic energy in the condenser into electromagnetic
energy. Because of the “flywheel” effort of the oscillatory
circuit, this energy charges the condenser in the opposite direc-
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tion but to a decreased amplitude. The loss in energy is tha:
caused by the dissipation of energy in the form of heat whe
the condenser made its first discharge through the gap and the
inductance.

From 180 to 270 degrees, the same action as from 0 to 9(
degrees takes place with the exception that the charge on the
condenser is reversed owing to the reversal of the charging
e.m.f. The energy involved has continued to decrease owing
to heat and light losses.

From 270 to 360 degrees, the same action as from 90 to 18(
degrees takes place. These cycles of discharge continue baclk
and forth until all of the energy is dissipated in heat.

It can be seen from this explanation that the spark gap func
tions as a trigger or valve, and therefore, if the coil is induc
tively coupled to a secondary coil connected in series with ar
open radiating circuit and both circuits are in tune, then the
alternating field about the primary coil will cut the secondary
and induce into it an e.m.f., which will set the antenna intc
oscillation and radiate damped waves. If the proper discharge
is to be obtained, the gap spacing must be carefully adjusted

If the gap electrodes are too close, the condenser will not
receive a full charge and may discharge before 90 degrees of the
charging cycle. On the other hand, if the gap electrodes arc
too far apart, then the condenser dielectric will be subjected tc
abnormal strain which will result in a puncture of the dielectric.

The period of damping in a circuit of this type is anothei
important factor. For example, if the type of gap used does
not radiate the heat quickly (deionize), then the oscillations
will not die out very rapidly (low damping) and, consequently,
will not permit a wave of low decrement to be emitted from thc
antenna system. This is due to reaction of the primary and
secondary circuits on account of the high conduectivity of the
gap circuit.

Hence, for every discharge of the condenser through the
spark gap and the inductance, the electrostatic energy is con-
verted into electromagnetic energy about the inductance and
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the connecting wires, and since the oscillations are of a high-
frequency character and of a constantly changing polarity, the
magnetic field about the inductance will be rising and falling at
a definite frequency depending upon the values of the induct-
ance and the capacity in the circuit. Thus radio-frequency
oscillations will be generated. Sce I'ig. 5-2.

Ques. 6.2562. Draw a simple circuit diagram of a trans-
mitter using an oscillator coupled to the antenna, with the
oscillator using a self-rectifying circuit for operation directly
from an alternating-current generator.

Ans.  (See Ques. 6.84.)

Ques. 6.263. Draw a circuit diagram showing the principle
of operation of a telegraph keying relay.

Ans.  (See Ques. 5.187 to 5.191.)

Ques. 6.2564. If the power of a 500-kilocycle transmitter is
increased from 150 watts to 300 watts, what would be the
percentage change in field intensity at a given distance from
the transmitter? What would be the db change in field
intensity?

Ans. (a) Approximately 40 per cent. (b) 3 db.

(a) Field intensity or field strength is proportional to antenna
current. IHence if the power is doubled, the antenna current
will increase 1.414 (1/2) times the initial value, or 41.4 per
cent. An increase of power to four times will increase the
antenna current and field strength to twice (1/4) the initial
value.

(b) The db change in field intensity may be computed ax
follows:

db =20 lOglo I—l

I,
= 20 log 1.414
20 X 0.151

3.02.
(See also Ques. 4.69 and 4.71.)
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Ques. 6.255. If the antenna current at a 500-kilocycle
transmitter is reduced 50 per cent, what would be the per-
centage change in the field intensity at the receiving point?

Ans. The field intensity will be decreased 50 per cent.
(Ree Ques. 4.69 and 4.71.)

Ques. 6.266. If a 500-kilocycle transmitter of constant
power produces a field strength of 100 microvoits per meter at
a distance of 100 miles from the transmitter, what would be
the theoretical field strength at a distance of 200 miles from
the transmitter?

Ans. 50 microvolts per meter. Assuming zero attenuation
the theoretical ficld strength of a radiated wave is inversely
proportional to the distance from the transmitting antenna.
(See Ques. 4.205.)

Ques. 6.257. What care should be taken in hoisting the
antenna of a shipboard radiotelegraph station to avoid damage
to the antenna wire and insulators?

Ans. Guide rope(s) should be employed during the hoisting
process to prevent possible damage to the antenna wire and
insulators,

Ques. 6.268. Draw a sketch of a typical shipboard antenna
for transmitting on 500 kilocycles showing the supporting
insulators, the safety link, and the lead-in wire. How does
voltage vary along the length of the lead-in and along the
antenna?

Ans. Figure 6-14 illustrates a typical shipboard antenna
installation,

A shipboard antenna designed for 500-kilocycle operation is
generally of the single-wire Mareoni grounded or quarter-wave
type.  The lead-in may be connected as a T or inverted I, to
the flat-top portion, depending upon physiecal limitations and
frequency requirements,
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The voltage distribution is illustrated in the diagram and is
a maximum value at the free ends of the flat-top portion of the
antenna. The voltage at the base or transmitter terminal is a
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F1G. 6-14. A shipboard antenna installation showing lead-in and safety link.

minimum, while the current distribution is in reverse relation-
ship throughout the antenna system.

Ques. 6.259. How do multivibrator oscillators differ from
Hartley oscillators? In what circuits do multivibrator oscil-
lators find application?

Ans. A multivibrator oscillator employs a resistance-
capacity feedback network as compared with the inductive
feedback method used in the Hartley series- and parallel-feed
oscillators. The output wave form of a multivibrator has an
approximate square-wave characteristic as compared with the
sine wave output of a Hartley oscillator. (See also Ques. 2.72,
3.125, 4.104, and 4.109.)

Ques. 6.260. Draw a simple circuit diagram of a multi-
vibrator oscillator.

Ans.  See Fig. 4-13.
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Ques. 6.261. List at least two essentials for making a good
soldered connection.

Ans.  The contact surfaces must be thoroughly cleaned and
free of oxides and film. The soldering iron should be well
cleaned and tinned. The iron should be sufficiently heated to
provide a liquid flow of the solder at the joint. TUse only a
good grade of rosin core solder with a reasonably high tin con-
tent. (See also Ques. 2.236.)

Ques. 6.262. Draw a circuit diagram showing how a micro-
phone can be connected to an audio amplifier.

Ans. (See Ques. 2,97 and 3.23.)

Ques. 6.263. An absorption-type wavemeter indicates that
the approximate frequency of a ship transmitter is 500 kilo-
cycles and at the same time the transmitter signal produces a
zero beat on an accurately calibrated heterodyne frequency
meter at a dial reading of 374.1. The frequency meter calibra-
tion book indicates dial readings of 367.0, 371.5 and 376.0 for
frequencies of 499.4/998.8/499.6,/999.2, and 499.8/999.6 kilo-
cycles, respectively. What is the frequency of the ship
transmitter?

Ans.  499.71 kilocyecles.
Solution:

Dial div. 376.0 = 199.8 kilocycles per second 376.0
Dial div. 371.5 = 499.6 kilocycles per second 374.1

4.5 = 0.2 kilocycles per second 1.9 div.

X 0.2 = 0.0844 kilocycle (difference) 499.8000 kilocycles

—0.0844 kilocycle
499.7156 kilocycles
374.1 div. = 499.7156 kilocycles.
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Ques. 6.264. A certain frequency meter contains a crystal
oscillator, a variable oscillator, and a detector. What is the
purpose of each of these stages in the frequency meter?

Ans. The crystal oscillator serves as a substandard cali-
brator for adjusting the variable oscillator to zero beat with
the harmonics of the crystal. The variable oscillator generates
the various frequency bands of the instrument. The detector
rectifies the radio-frequency component for audible response or
to produce a visual deflection on a meter proportional to the
frequency.

Ques. 6.265. What should be the approximate surge
impedance of a quarter-wavelength matching line used to
match a 600-ohm feeder to a 70-ohm antenna?

Ans. Approximately 205 ohms.
Zy = /600 X 70 = 4/42,000 = 204.95 ohms.
(See also Ques. 4.204.)

Ques. 6.266. What determines the surge impedance of a
2-wire nonresonant radio frequency transmission line?

Ans.  (See Ques. 4.200.)

Ques. 6.267. How should a radar set be adjusted by the
operator to reduce ‘‘sea return”?

Ans. The receiver gain or sensitivity control must be
adjusted to the point in which the amplitude of the sea return
is reduced below that of the target echo. Some radars have
an automatic-volume-control circuit which reduces the gain
for the first few microseconds (sca returns at close proximity
to the ship) and then restores the gain to normal for sea returns
at greater distances. This is referred to as sensitivity time
constant control, or STC.

Ques. 6.268. Approximately at what speed does the
antenna of a navigational radar rotate?
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Ans. Approximately 12 revolutions per minute.

Ques. 6.269. What is the average plate-power input to a
radar transmitter if the peak pulse power is 15 kilowatts, the
pulse length is 2 microseconds, and the pulse repetition fre-
quency is 900 cycles?

Ans. The average power is 27 watts.

1 1
S pulse width . 2
Pove = Ppear X — 7 = 15,000 X 1,100

= 15,000 X 0.00181 = 27 watts.
Alternative method:

P... =P, X PRR X P, = 0.000002 X 900 X 15,000 = 27
watts.

Ques. 6.270. In what part of the radio-frequency spectrum
do marine radar systems operate?

Ans. Marine radar systems operate in the super-high-
frequency or microwave spectrum (3,000 to 30,000 megacycles
or between 0.1 to 0.01 meters). The actual assigned fre-
quencies are in the vicinity of 3,000 and 10,000 megacycles or
10 and 3 centimeters, respectively.

Ques. 6.271. If the velocity of a radio wave is 186,000
statute miles per second, how many nautical miles does a
radar pulse travel in 1 microsecond?

<Ans. 0.186 statute miles, approximately 0.162 nautical
miles. 186,000 statute miles is equivalent to approximately
161,599 nautical miles.

1,760 yards = 1 statute mile.
2,026.8 yards = 1 nautical mile.

Since radio waves travel approximately 186,000 statute miles
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in a second, they travel one-millionth of this distance, or
0.186 statute miles, in a microsecond. This corresponds to a
time of 5.37 microseconds required for a wave or pulse to travel
1 statute mile.

1,760
2,026.8

Hence, since = 0.8678, the pulse will travel

0.8678 X 0.186 = 0.1614
or approximately 0.162 nautical miles.
Ques. 6.272. Draw a simple block diagram showing the

essential components of a radar system. Label the com-
ponents such as receiver, indicator, etc.

Ans. See Fig. 6-15.
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F1G. 6-15. Block diagram of radar components.

Ques. 6.273. How can the operator of a Loran receiver on
shipboard identify the transmitting stations that are being
received?

Ans. Standard Loran (long-range-navigation) stations can
be identified by the specially assigned recurrence rates of pulses
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transmitted for each pair of Loran stations. The Loran
recciver can be adjusted to synchronize the pulses with any
one of these assigned rates to identify a particular pair of
stations. These pulses when received and synchronized
appear stationary on the cathode-ray-tube screen, and their
time difference can be accurately measured. In practice the
operator merely adjusts the knobs until a stationary signal
pattern is received. The reading of the channel selector switch
and the pulse-recurrence-rate switch then identifies the trans-
mitting station.

Hydrographic charts must be referred to from the dial read-
ings for verification and accurate position “fixes.”” (See also
Ques. 6.277.)

Ques. 6.274. During daytime hours approximately what is
the maximum distance in nautical miles from Loran trans-
mitting stations that Loran lines of position can be determined?

Ans.  The normal day range over sea water is approxi-
mately 700 nautical miles and about 150 miles over land.

Ques. 6.275. In determining a “fix” or position by a marine
Loran system, what is the minimum number of land trans-
mitters involved?

Ans. A minimum of three transmitting stations. Although
the basic requirements call for two pairs of stations as illus-
trated in Fig. 6-16, it is common practice to use a master
(called a double master) and a pair of slave stations to furnish
required sets of hyperbolas for a given area. A combination
of one slave and two master stations could also be used.

Ques. 6.276. Explain why pulse emission rather than con-
tinuous waves is used by Loran transmitters. Approxi-
mately what pulse repetition frequency, pulse duration, and
operating frequency are used in Loran systems?

Ans. Pulse emission permits accurate measurements of
time difference between Loran stations at the receiver.
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The repetition frequency of pulses emitted from a Loran
transmitter is approximately 25 and 33 pulses per second.
The pulse duration and operating frequency for a standard
Loran system are approximately 50 microseconds and 1,700
to 2,000 kilocycles, respectively.

Ques. 6.277. When several pairs of Loran transmitting
stations are operating on the same frequency, how does the
operator at a Loran receiver select the desired pair of trans-
mitting stations?

Ans. Three or more pairs of Loran transmitters operating
on the same frequency can be selected by the operator by
selecting one pair of recurrent rate pulses.

Practically, the signals from any given pair of stations can
be identified by changing the knob settings marked basic pulse
repetition rate, specific pulse repetition rate, and the station
selector or channel switches to a setting where a pair of signals
are stopped. A direct indication of the channel, pulse repeti-
tion rate, and specific pulse repetition rate may then be
obtained by reading the characters on these three selector
switches. For example, two Loran stations have the following
markings at their base line extensions on the chart:

Master station base-line extension: 1H4-4,460.

Slave station base-line extension: 1H4~1,000.

1 = radio-frequency channel — 1,950 kilocycles per second

H = high basic pulse rate — 3314

4 = specific pulse repetition rate of station pairs = 3314 + 44
= 3374 cycles per second

(1,000 = time-difference reading or in this example the coding

delay of 1,000 microseconds.)

Ques. 6.278. What is the relationship between a master
and a slave station in reference to a Loran navigation system?

Ans. The Loran master station and slave station are two
pulse transmitters located at fixed points on land approxi-

417



RADIO OPERATING QUESTIONS AND ANSWERS

mately 300 miles apart. The pulses from each transmitter of
a given pair are transmitted at slightly different time intervals
instead of simultaneously. The timing synchronization must
be rigidly maintained bhetween the two stations. The pulse
from the master station “triggers” the slave transmitter after
an adjustable time delay of approximately 1,000 microseconds
to make the time delay on the charts accurate.

Ques. 6.279. Draw a simple sketch showing relative posi-
tions of pairs of master and slave stations of a Loran naviga-
tion system, and indicate lines of position of each pair of
stations.

Ans.  See Fig. 6-16.
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F1g. 6-16. Pairs of Loran stations and lines of positions.

Ques. 6.280. What is the purpose of “blinking” in a Loran
navigational system, and how is blinking recognized at the
receiver?

Ans. “Blinking” is that condition indicated on a Loran
receiver when one of a pair of Loran stations is off frequency
or improperly synchronized. The pulse on the indicator will
shift to and fro, or in some types of receivers, it will “blink”
periodically.
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Ques. 6.281., What precautions should an operator or
serviceman observe when working with cathode-ray tubes and
the associated circuits of radar and Loran receivers?

Ans.  (See Ques. 2.294.)

Ques. 6.282. What is the GMT time and the day of the
week in Shanghai when it is Wednesday noon in New York
City?

Ans. The time differential, standard time, between New
York City and Shanghai is +13 hours. Hence, at noon New
York City time on a given Wednesday, the time in Shanghat,
China, will be 1:00 a.M. the following day, or Thursday. In
)T caleulations the time is expressed from 0000 to 2400 or
from 0 to 24 o’clock, beginning at midnight. For example,
1 a.ar, 0100 GMT, 1 par., 1300 GMT; 2400, midnight; and
S0 On.

For the specific example given the GMT time in Shanghai,
China, will be 0100 Thursday when New York standard time
is noon or 1200 GMT on Wednesday. (See also Ques. 6.167.)

Ques. 6.283. Explain the use and meaning of the following
indicators or prefixes on radiotelegrams, and describe the dif-
ference in handling of the various types of radiotelegrams:
RP, TC, PC, FS, PR, TR, MSG, CDE, OBS, PDH, CODH.

Ans. These prefixes serve as indicators in the transmission
of radiotelegrams and are defined and exemplified as follows:

RP (reply paid) radiotelegram.

Erample: KTWY DE WSL RPI CK  NEW YORK 1700

RP $3.05 Mr. John Doe 8S William
Black Yates WSL—DMessage—Signature.

RP $3.05 is written as the first word in the address and
charged as one word. No charge is made for RP in the
preamble,

TC (telegram confirmation). The prefix is inserted in the
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preamble and as the first word of the address. The latter is
charged for as one word. This type of message is repeated
back to the transmitting station as a confirmation to insure
against possible transmission or reception errors. The mes-
sage toll for a TC radiotelegram is an additional one-half toll
added to the normal charge of the message.

PC: (paid confirmation or acknowledgment). This type of
prefix is used to designate that the sender desires to be notified
as to the time and date in which his telegram was transmitted.
The charge rate on a TC radiotelegram is the same as an
ordinary paid message but with an additional land-line charge
to cover a six-word acknowledgment to the origin .of the
sender.

PR: (paid radiotelegram to be delivered by registered mail).

TR: (position report).

MSG: (telegram relating to ships’ business). This type of
message is used primarily for exchange of ship’s business
between the master of the vessel or the steamship company.
It is also used between masters of ships to convey or request
navigational information. The cost of this type of message is
generally 13 cents a word for land and forwarding charges.
Ship’s charges are rarely included.

CDE: (code telegram). A telegram prefixed CDE may be
comprised of all code words or a mixed combination of code
and plain language. The toll for private messages of this type
is generally 40 per cent below the normal 21 cents per word rate,
or 13 cents. Ship’s charges are climinated if the message
relates to company business.

OBS: (meteorological radiotelegram). Charges for this
type of message are 8 cents per word unless transmitted
through a company’s own coastal station. In the latter case
no charges are made. This type of message is generally an
official weather bureau release to all radio stations including
foreign government stations authorized to receive this service.
No charge is made on official communications.

PDH: (paid deadhead). This type of message is commonly
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used by the ship’s personnel and the public. It is referred to
as a “frank” or free charge rate authorized (within limits) by
the steamship company to employees for social and personal
radiotelegrams.

CODH: (company deadhead). This type of radiotelegram
is free of all toll charges. It is intended solely for the exchange
of company business and is originated and handled by the
radio operator only.

FS: (follow service). This prefix is a “follow-up’’ designa-
tion similar to a “please forward” in mail correspondence.
The normal toll rates are applied to the original point of
destination. An additional charge for land-line rates must be
collected to cover the costs of transmittal to the ultimate
destination.

Ques. 6.284. Explain cable count and the use of standard
service abbreviations, and show the difference between cable
count and domestic word count.

Ans. The cable-count system of counting the check is used
for radiograms. This system provides that all words in the
address, text, and signature must be counted and charged for.
In this system, messages are divided into two classes, namely,

1. Plain language.

2. Code language.

Plain-language messages must be written entirely in plain
language. Words are counted on the basis of 15 characters to
the word. Any fractional part of 15 characters is also counted
as one word. Numbers up to 5 in a group would be counted
as one word, over 5 as two words.

Ezxamples:
Gymnasium. . ........ one word 7,583...... one word
Intellectualization. . .. .two words 37,463...... one word
Unconstitutional. .. ... two words 987,641...... two words
Constantinople. .. . ... one word
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Code language is made up of pronounceable words of no
direct meaning not to exceed 5 characters in length. If a code
word exceeds 5 characters in length it is counted as two words,
and this is noted in the check. Words in which the meaning
has been concealed by reversing the order of the letters or
syllables will not be accepted as code words.

Examples:
JELHL. ... .. one word (code language)
Xeray........... .. two words (plain language)
XQNOW . L. Not accepted (unpronounceable)

When a message is written in mixed language, a careful
checkup under the following rules must be made:

Code and plain language: Maximum length of words charge-
able is 10 characters. The words street, road, park, or square
are always counted as one word aside from their designator in
the address.  Hyphenated or compound words are counted as
80 many separate words depending on the number of parts.

Names of places, such as New York, New London, or Frank-
furt am Main, are counted as one word in the address and two
words in the text.

If New York is written Newyork or New London is written
Newlondon and like examples, they are counted as one word
in the text and so charged for. They should be written as two
separate words in the address, but as the names of all cities
count as one word in the address, they are charged for as one
word. See Appendix for standard abbreviations.

Ques. 6.285. Construct a plain-language radiotelegram and
indicate what portions comprise (a) the preamble, (b) the
address, (c) the text, and (d) the signature.

Ans. A sample of a plain-language paid (P) radiotelegram
showing the preamble, address, text, and signature follows:

422



ADVANCED RADIOTELEGRAPHY Element 6

WSL DE KTSX
(Preamble) P 1 CK 12 S8 Wayne Victory 1300 Date
John Doe 100 Tremont Street
(Address) Boston Mass
(Text) Arriving about eleven tonight
(Signature) Bill
KTSX K

Ques. 6.286. Why do some ship radiotelegraph stations
that are equipped with a direction finder employ an auxiliary
receiving antenna for the receivers in the radio room?

Ans. An auxiliary antenna is sometimes employed for the
receivers in the radio room for the reception of continuous-
wave or modulated signals independent of the main antenna
system. (The main antenna system is disconnected during
the period in which the direction finder is in use.) An auxili-
ary antenna may also be used in conjunction with the loop
antenna to obtain a sense pattern or operation with a cardioid
pattern. It is important under these conditions that the
voltage from the sense antenna circuit feed a voltage to the
receiver in the proper time phase with the direction-finder loop
circuit in order to produce a unilateral or cardioid pattern.

Ques. 6.287. Describe the construction and operation of a
shielded loop antenna as used with a marine direction finder.

Ans. The loop antenna of a modern marine direction finder
is of either circular or diamond-shaped design. The loop
inductance is almost completely shielded with a nonmagnetic
metal, and the entire unit enclosed in a plastic rubber or bake-
lite housing. Complete shielding would short-circuit the
magnetic field. The shielding is generally grounded in the
exact center to balance out capacity effects.

The operation of a typical direction finder is briefly as fol-
lows: When the loop is rotated so that the plane of the coil is
in the plane of the oncoming wave, a maximum e.mn.f. is
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induced. This indicates a line of propagation from either one
of two directions or figure-of-eight polar characteristic. If a
small vertical antenna is used in conjunction with the loop
antenna, the line of direction or “sense” of signal arrival may
be determined. This is due to the fact that a vertical antenna
is nondirectional and develops a circular reception pattern. If,
therefore, the energy from the antenna and the loop circuit are
fed to the receiver in time phase, a cardioid or directional
pattern will be produced.

A practical operating procedure follows: (1) Close direction-
finder switch. (2) Disconnect the main antenna. (3) Tune
for a desired radio beacon signal (rotate loop for maximum
response). (4) Reorient loop for a minimum response in the
telephones. (5) Adjust balance control for a sharp minima.
(The minima should be critically adjusted by slight orientation
of the loop and intensity control to obtain a zero or null point
condition or no response in the telephones.)

Ques. 6.288. Draw a sketch showing how a “fix” on a ship
station can be obtained by taking direction-finder bearings.

Ans. See Fig. 6-17.
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F1a. 8-17. Determining a fix with a direction finder on shipboard.

Ques. 6.289. For how long a period of continuous operation
should the emergency power supply on a compulsorily equipped
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ship station be capable of energizing the emergency radio-
telegraph installation?

Ans. The emergency power supply must be in complete
readiness at all times and must be capable of operating an
electron-tube of emergency transmitter for a continuous period
of six hours.

Ques. 6.290. Why is the clock on a compulsorily equipped
ship radiotelegraph station required to have a sweep second
hand?

Ans. A sweep second hand is required in a ship radio-
telegraph station to facilitate accurate time adjustments to
United States and foreign government time signals. An
accurate adjustment of the ship’s clock to standard time
signals permits the ship’s deck officers to check the accuracy
of the ship’s chronometer to the exact second. The station
clock must also be accurate to the second to provide for correct
time entries into the operator’s log and also to observe at all
times the International Silent Period. The law also requires
that all intermediate ship stations operating on frequencies
below 515 kilocycles be provided with a clock containing a
sweep second hand for the operator’s use in connection with
the testing and timing of the international auto-alarm signal.

Ques. 6.291. Between what points on a ship, compulsorily
equipped with a radiotelegraph installation, is a reliable inter-
communication system required?

Ans.  The law requires that a reliable communication sys-
tem be provided between the radio room and the navigating
bridge. )

Ques. 6.292. What is the purpose of an automatic-alarm-
signal keying device on a compulsorily equipped ship?

Ans.  An automatic-alarm-signal keying device is a unit
capable of automatically keying the radiotelegraph trans-
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mitter(s) on board a ship so as to transmit the international
auto-alarm signal, as this signal is specified by the Inter-
national General Radio Regulations.

Ques. 6.293. What experience is the holder of a first- or
second-class radiotelegraph operator license required to have
before he is permitted to act as chief or sole operator on a com-
pulsorily radio-equipped cargo ship?

Ans. The holder of either a first- or second-class radio-
telegraph license is not permitted to act as chief or sole operator
on a cargo ship until he has had at least 6 months’ satisfactory
service as a qualified radio operator on a vessel of the United
States. See also Appendix.

Ques. 6.294. Are there any age requirements that a person
must meet before he can be issued a radiotelegraph operator
license?

Ans.  See Appendix, Sec. 13.12.

Ques. 6.295. What action, if any, should a radio operator
take when he observes a ship station flagrantly violating the
international radio regulations and causing harmful inter-
ference to other stations?

Ans.  An operator should prepare a detailed report to the
FCC stating the complete details to support his accusations.
The report should include such data as the nature of the inter-
ference, the operating frequency, the call letters of the inter-
fering stations, and the time length of the interference.

For detailed information on radio-operating procedures
relative to types of messages used in commercial operating,
traffic handling, ete., the reader is referred to the ‘“Marine
Radio Manual,” by M. II. Strichartz. Publisher, the Cornell
Maritime Press.
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ELEMENT 7

AIRCRAFT RADIOTELEGRAPH FOR FLIGHT RADIO
OPERATOR

Regulation and Treaty

Ques. 7.1. Under what conditions is a flight radio operator
required aboard scheduled aircraft engaged in flights outside
the continental United States?

Ans. A licensed radio operator shall be required for flight
over any area, route or route segment over which the Adminis-
trator has determined that radio telegraphy is necessary for
communication with ground stations during flight.

Ques. 7.2. Under what conditions are flight radio operators
required in U.S. irregular air carrier operation?

Ans. An airman holding a flight radio operator’s certificate
shall be required for flight over any area which the Administra-
tor has determined that radio telegraphy is necessary for com-
munication with ground stations during flight.

Ques. 7.3. Is it mandatory that one crew member other
than the flight radio operator be capable of operating the
radio equipment in an emergency?

Ans. Yes. If a flight requires only one radio operator,
another crew member must be capable of operating the emer-
geney equipment.

Ques. 7.4. What are the Federal Communication Commis-
sion’s license requirements for an air radiotelegraph operator?

Ans.  See Appendix I1, Par. 13.61, and additional informa-
tion contained at the end of this clement.
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Ques. 7.6. What is meant by “long distance” operation in
scheduled air carrier flights outside the continental United
States?

Ans. A long distance operation is one in which the time
interval between stops is of sufficient duration to require that
the dispatch be based entirely on forecasts of weather expected
at the intended destination and alternates.

Ques. 7.6. An aircraft is engaged in ““long distance” opera-
tion. What radio equipment is required aboard for this type
of operation?

Ans.  (a) One of two independent means must be provided
whereby communications and meteorological information can
be transmitted to at least one ground station from any point on
the route from a distance of not less than 25 miles to airport
traffic control towers located at airports approved for the route.

(b) Communications must at all times be receivable at any
point on the route.

(¢) In addition to (a) the equipment must provide for the
reception of meteorological information on the route and
receive instructions from ATC (Airport Traffic Control) towers
located at airports approved for this route.

(d) Also by one of two independent means the equipment,
must facilitate the reception of radio navigational signals from
any radio aid to navigation in accordance with the rules regard-
ing the distance of operation, airport lighting facilities and so
on. For long distance operation, the equipment must be
capable of obtaining reliable radio bearings for a radius of
within 200 miles of any regular or approved alternate airport.

Ques. 7.7. For “long distance” operation outside the con-
tinental United States, what ground radio navigational aids are
required at scheduled stops and alternate airports?

Ans. In addition to (d) of the previous question, facil-
ities must be provided too for making accurate instrument
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approach: Provided, that the Administrator at a particular air-
port or airports, may approve facilities which provide less
coverage than that required herein if he finds that adequate
safety is provided.

Ques. 7.8. What are the requirements for a two-way air-
to-ground communications system in scheduled air carrier
operations outside the continental United States?

Ans. A two-way ground-to-aircraft radio communications
system shall be available at such points as are necessary to
ensure adequate communication between plane and ground
over the entire route.

Ques. 7.9. For “long distance” scheduled air carrier opera-
tions outside the continental United States, what is the
required communication range from aircraft to airport traffic
control towers at airports approved for the route?

Ans. See Ques. 7.6 (a), (b), (c), and (d).

Ques. 7.10. For “long distance” scheduled aircraft opera-
tions outside the continental United States, what is the air-
craft receiver requirements for receiving communications,
meteorological, and navigational information?

Ans. See Ques. 7.6(d).

Ques. 7.11. For “long distance” scheduled air carrier
operations outside the continental United States, what air-
craft transmitting equipment is required and over what dis-
tance should this equipment operate?

Ans. See Ques. 7.6(a).
Ques. 7.12. What radio equipment is required aboard

foreign flag aircraft operating into the United States and out-
lying possessions?

Ans. Each aircraft shall be provided with such radio equip-
ment as is necessary to make use of the air navigation facilities
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along or adjacent to the route to be flown within the Unitec
States and to maintain communication with ground stations
along and adjacent to such routes.

Ques. 7.13. Discuss the requirements for electrical power
and radio equipment required for continuance of flight.

Ans.  The power equipment requirements are as follows:
(a) One or more storage batteries or other source of
electrical supply sufficient to operate all radio and electrical
equipment necessary for the flight. In addition, two of the
following three units of radio equipment :
(1) One transmitter for two-way communiecation.
(2) One receiver for two-way communication.
(3) One receiver capable of receiving navigational
signals.
(4) Three spare fuses of each capacity.
In addition, one of the radio navigational systems required

in Ques. 7.6(d).

Ques. 7.14. An aircraft is at mid-ocean and experiences a
communication failure. What procedure would the pilot fol-
low after being advised by the flight radio operator that the
aircraft is out of communication?

Ans. The following procedure shall be followed: Proceced
according to the current flight plan, maintaining the minimum
instrument altitude of the last acknowledged assigned altitude,
whichever is higher, to the airport of intended landing and
commence descent at approach time last authorized or, if not
received and acknowledged, at the estimated time of arrival in
the flight plan; or, if weather conditions permit, proceed in
accordance with contact flight rules; or, land as soon as
practicable.

Ques. 7.15. Define the point-of-no-return as used in air
carrier operations,
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Ans. This term refers to the condition in which an aircraft
has insufficient fuel to return to the point of departure or any
alternate for that point.

Ques. 7.16. If a flight operator noted an irregularity or
hazard which, in his opinion, made for unsafe operation, to
whom should he report such hazard or irregularity?

Ans. A report should be made immediately to the opera-
tions manager. If said report is found justified by the opera-
tions manager notice of the irregularity or hazard must be
made to the Administrator at once.

Ques. 7.17. With regard to air-to-ground communication,
what is the order of priority for communications on a channel
that is used for point-to-point as well as air-to-ground
contacts?

Ans. Priority shall be given to plane-to-ground and ground-
to-plane communications.

Ques. 7.18. What is meant by “type certification” of radio
equipment on U.S. scheduled air carrier aircraft?

Ans. A type certification refers to the CAA regulations
which requires that all aircraft radio equipment must conform
with certain requirements to satisfy airworthiness. To be
cligible for a type certificate, an applicant must submit the
following technical data:

Drawings, drawing list and parts list; in addition, complete
technical data relative to design and tests together with inspee-
tions, identifications, and changes to prove airworthiness must
be included.

Ques. 7.19. What is an air carrier operating certificate and
by whom is it issued?

Ans. A certificate preseribing the type of operation, the
routes over which such operation may be conducted, the air-
ports that may be used, and other specifications and restrictions
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as may reasonably be required in the interest of safety. An
air carrier operating certificate is issued by the Administrator.

Ques. 7.20. What are the requirements regarding marker
beacon receivers on U.S. irregular air carrier aircraft operating
outside the continental United States?

Ans.  The visual flight rules for aircraft operations outside
the continental United States require each aircraft operating
for long distances over water or uninhabited terrain to be
equipped with two independent means of transmitting to at
least one appropriate ground station from any point on the
route.

At least one marker beacon receiver and such radio equip-
ment as is necessary to receive satisfactorily, by either of two
independent means, radio navigational signals from any other
radio aid tonavigation intended to be used. See also Ques. 7.6.

Ques. 7.21. Is it mandatory that U.S. irregular carriers
operating outside the continental United States maintain a
ground communication system to provide radio contact at all
times with their aircraft?

Ans. Yes. See Ques. 7.6(b).

Ques. 7.22. When a U.S. irregular air carrier aircraft is
operating outside the continental United States on long dis-
tance flights over water or uninhabited terrain, what trans-
mitting means are required?

Ans. See Ques. 7.20.

Ques. 7.23. Define a “route segment” as used in scheduled
air carrier operations.

Ans. A route segment is a portion of a route in which the
boundaries are identified by a continental or insular geographic
location, a point at which some specialized aid to air navigation
is located, or, a point at which a definite radio fix is located.
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Ques. 7.24. When an aircraft is in distress, upon what
frequency or frequencies should the first radio transmission
of distress call and message be made?

Ans.  The call shall be made on the international distress
frequency of 8,280 or 500 kilocycles.  When the international
telegraph distress frequency of 500 kilocycles is used, the
distress call should, if possible, be immediately preceded by
the automatic alarm actuating signal of twelve four-second
dashes, with intervals of one second hetween each.

Note: The Atlantic City Radio Conference has specified
2,182 kilocyeles as the world wide distress frequency for radio-
telephone equipped stations.

Ques. 7.26. In event of an aircraft in distress, how often
should the distress message be repeated?

Ans. The distress message should be transmitted at
intervals until acknowledged.

Ques. 7.26. Under what condition should an aircraft,
becoming aware that another aircraft is in distress, transmit
the distress call and message?

Ans. Provided that the aircraft in distress is not itself in
a position to transmit or if the intervening command believes
that further help is necessary.

Ques. 7.27. What is the distress signal used on VHF A3
emission?

Ans. FYor VIF radiotelephony the signal MAYDAY is
used.

Ques. 7.28. List the order of priority in the establishment
of communications in aeronautical mobile radio service.

Ans. The order of priority in the transmission of messages
in the aeronautical services is as follows:
Messages bearing the priority prefix SOS, SVH and URGENT.
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These are followed by service prefixes in the order named:
EXC, CTL, AMT, DEP, CHG, OBS, NOTAM, PLN, ARR,
CNI, and other messages prefixed OPN, MET, DEL, RES,
ete.

Ques. 7.29. A control station receiving a distress message
from an aircraft shall forward the information immediately
to what offices?

Ans.  The information shall be forwarded immediately to
the area TFC center or flight information center.

Ques. 7.30. In aircraft distress communications, what is
the normal speed of radiotelegraphic transmission?

Ans. The speed should not normally exceed 16 words per
minute.

Ques. 7.31. List the information that should be trans-
mitted, if time permits, from an aircraft in distress.

Ans. The estimated position and time, true heading and
indicated air speed, altitude, type of aircraft, nature of
distress, and the intention of the person in command of the
distressed aircraft as to the type of forced landing required.

Ques. 7.32. What action should be taken by the flight

radio operator immediately prior to detaching or crash landing?

Ans. The telegraph keying or radiophone circuits should
be closed to ensure continuous transmissions.

Ques. 7.33. List the emergency and distress frequencies
for aircraft in the MF band.

Ans. The two international distress frequencics are 500
(MF) and 121.5 megacycles (VIIF).

Ques. 7.34. What is the interim international safety and
emergency frequency in the high-frequency band?
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Ans. The interim calling and distress frequency is 8,280
kilocycles. A frequency of 121.5 megacycles is also provided
for emergency and distress communications.

Ques. 7.35. What is the common VHF aircraft emergency
frequency?

Ans. 121.5 megacycles.

Ques. 7.36. How would a flight radio operator alert the
search and rescue facilities in his particular area?

Ans. The radio operator would notify the appropriate
controlling authority, rescue unit, or other assisting organiza-
tion to guard some radio frequency or stand by to proceed on
a mission.

Ques. 7.37. What procedure is used by an aircraft to
cancel a distress message?

Ans.  The aireraft must transmit a message, on the distress
frequency, canceling the state of distress.

Ques. 7.38. What is the meaning of : (a) air carrier aircraft
station, (b) airdrome control radio station, (¢) aeronautical
land station, (d) aeronautical fixed station, (e) radio beacon
station, (f) radio range station, (g) localizer station, (h) glide
path station, (i) marker station, (j) ground control approach
station, and (k) aeronautical public service station?

Ans.  (a) A radio station aboard an aircraft engaged in, or
essential to, transportation of passengers or cargo for hire.

(b) A radio station providing communication between an
airdrome control tower and aireraft or aeronautical mobile
utility stations.

(¢) A land station in the aeronautical mobile service carry-
ing on a service with aireraft stations, but which may also
carry on a limited communication service with other .aero-
nautical land stations.
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(d) A radio station used in the fixed service for the handling
of communications between fixed points relating solely to
actual aviation needs.

(e} A special radio station, the emissions of which are
intended to enable an aircraft to determine (1) Its radio bear-
ing or direction with reference to the radio beacon station, or
(2) the distance which separates it from the latter, or (3) both
of these.

(f) A form of radio beacon, the emissions of which provide
definite track guidance.

() A directional radio beacon normally associated with an
instrument landing system which provides guidance in the
horizontal plane to an aircraft for purposes of approach
landing.

(h) A directional radio beacon associated with an instru-
ment landing system which provides guidance in the vertical
plane to an aircraft for purposes of approach in landing.

(i) Aradiostation marking a definite location on the ground
as an aid to navigation.

(1) A station used for the purpose of controlling from the
ground the approach and landing of aircraft.

(k) A radio station, ground or aircraft, operated in the
aeronautical public communication service.

Ques. 7.39. In general, what language shall be used in
radiotelephone communications between - aircraft and aero-
nautical stations in the international service?

Ans. Communications shall, in general, be conducted in
the language of the ground station.

Ques. 7.40. In event of noncommunication with an air-
craft what offices should be advised immediately by the con-
trol station operator? '

Ans. The ATC Office and the airline operating agency
should be notified immediately.
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Ques. 7.41. In communications between aircraft radio
stations, what station controls the duration of continuous
work?

Ans. The control is governed by the receiving station or
intervening relay station.

Ques. 7.42. How should an aircraft flying over the sea
signal its position?
Ans. The aircraft shall signal its position in latitude and

longitude (GMT) but may give the true bearing and distance
in nautical miles from some known geographical point.

Ques. 7.43. How should an aircraft flying over land signal
its position?

Ans. The aireraft shall signal its position by the name of,
and approximate distance and direction of, the nearest
reference point.

Ques. 7.44. What procedure should an over-ocean aircraft
follow if it is unable to establish communications for any
reason other than transmitter failure?

Ans. The aircraft shall transmit periodic reports at
scheduled times, or positions, on the assigned frequency.

Ques. 7.45. In air-to-ground radiotelephone communica-
tions, how is the “invitation to reply” spoken in standard voice
procedures?

Ans. The word OVER is given to invite a reply.
Ques. 7.46. What is meant by the priority prefix SVH?

Ans. SVII is the prefix embodying all messages in the
aeronautical service pertaining to the safety of human life.

Ques. 7.47. After communication has been established
between an aircraft and its control station, is it permis-

437



RADIO OPERATING QUESTIONS AND ANSWERS

sible to dispense with the radio call letters in subsequen
communication?

Ans. After communication has been established the cal
letters may be abbreviated by using the first and last tw
characters of the call letters.

Ques. 7.48. Is it mandatory that an aircraft maintain con
tinuous watch in flight on the air-to-ground route frequency

Ans. Yes.

Ques. 7.49. In radiotelephone communications what wor:
is spoken to denote that an error has been made in trans
mission?

Ans. The word CORRECTION is used.

Ques. 7.60. In radiotelephone communication, how i
termination of communication indicated by the receivin;
station?

Ans. The phrase OUT.

Ques. 7.61. With which station should an aircraft nor
mally communicate when flying over a particular route?

Ans. Communication should be maintained with th
control station of the area in which the plane is flying unles
receiving conditions demand otherwise.

Ques. 7.62. What is the radiotelephone spoken equivalen
of radiotelegraph signal IMI?

Ans. The word, REPEAT.

Ques. 7.63. What is the radiotelephone equivalent of tha
radiotelegraph signal C?

Ans.  The phrase, THAT IS CORRECT.

Ques. 7.64. What is meant by break-in procedures in air-
craft radiotelegraph communications?
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Ans. This term refers to the process of interrupting the
transmission of another station for repeat or emergency
purposes. Break-in is accomplished by transmitting the
letters BK followed by a brief pause for acknowledgment
from the transmitting station.

Ques. 7.55. What type of information is generally included
in a broadcast service known as NOTAMS?

Ans. Information contained in scheduled broadcasts of
notices to airmen, including general and urgent information
affecting the safety of air navigation. These reports do not
include meteorological information.

Ques. 7.66. Describe the structure of the NOTAM code
as used in international flight operations?

Ans. The code is composed of five (5) letters, each of
which has a specific meaning.

The first letter of the code group is always the letter Q to
indicate that it is code abbreviation for use in the composition
of NOTAMS. The second and fourth letters shall in all cases
be a vowel. The third and fifth letters may be any letter of
the alphabet.

Ques. 7.67. What is meant by the ICAO (International
Civil Aviation Organization) priority prefixes such as: AMT,
ARR, OPN, PLN?

Ans. AMT Meteorological message for aircraft in
flight, or for aircraft about to depart.
ARR Arrival message
OPN Company’s operational message
PLN Flight Plan message

Ques. 7.58. How are the ICAO complimentary code
groups used in air-to-ground communications?
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Ans. The complimentary code groups are abbreviations
to be used in conjunction with Q signals to reduce the length
of transmissions. Some typical examples are as follows:

ADC Aerodrome Control
ADZ Advise

GXND Relative to ground
RNG Radio Range

Ques. 7.59. What radio information is contained in the
IFR flight plan of scheduled air carrier operation outside the
continental limits of the United States?

Ans.  The information contained in an TFR flight plan is of
considerable detail and includes such items as, type of aireraft,
name of pilot in command, point of departure, cruising alti-
tude, estimated time of arrival, and so on. The information
relating specifically to radio includes, aircraft identification,
(radio call letters) and the transmitting and receiving fre-
quencies to be used.

Ques. 7.60. What is the intermediate frequency reserved
for aircraft flying over the seas?

Ans. 457 kiloeyeles.

Ques. 7.61. Is it mandatory that U.S. air carrier aircraft
operating within the United States and overseas be equipped
with a radio altimeter?

Ans.  'The regulations do not indicate that a radio altimeter
ix mandatory.

Ques. 7.62. What are the requirements regarding a master
switch in an aircraft electrical installation?

Ans.  If electrical equipment is installed, a master switch
arrangement shall be provided which will disconnect all sources
of electrical power from the main distribution system at a point
adjacent to the power sources.
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The master switch or its controls shall be installed so that it
is easily discernible and accessible to a member of the crew in
flight.

Ques. 7.63. Air carrier aircraft electrical installations
incorporate storage batteries in the primary systems. Dis-
cuss the requirements for battery vents, cooling, containers,
and protection against acids.

Ans. The battery compartment must have provisions for
releasing gases through suitable means outside the airplane.
A completely enclosed compartment shall be provided to pre-
vent acid and corrosive substances from coming in contact with
other parts of the plane which are essential to safe operation.
The aluminum container should be frequently examined for
evidence of leakage. The battery compartment is cooled by
adequate ventilation but care must be exercised by frequent
inspection to make certain that the batteries are not overheat-
ing due to excessive charging rates.

Ques. 7.64. With reference to aircraft generators, what are
the requirements concerning generator capacity, generator
switch, generator rating, generator controls, and a reverse cur-
ent cut-out?

Ans. The requirements are as follows: The generator must
be designed to be capable of delivering its continuous rated
power with a minimum of overheating. The generator switch
must be capable of carrying the rated current and shall be of
such construction that there is sufficient distance or insulating
material between current carrying parts and the housing so
that vibration in flight will not cause short circuiting. The
generator rating must conform with the total load requirements
of the installation. Its output capacity must be sufficient to
supply the complete load demands on the basis of continuous
operating conditions. The generator must be equipped with a
suitable control device (carbon pile regulator) which is capable
of dependably regulating the generator output within rated
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limits. A reverse current cut-out must be provided for the
purpose of disconnecting the generator from the batteries and
other generators under conditions when the generator is
developing a voltage below that of its normal value. It isin
reality an underload relay which prevents the batteries or
other generators from discharging back through the main
generator when its voltage falls lower than that of the other
parallel units.

Ques. 7.66. What type of radio waves are the most suit-
able for aircraft radio direction finding, vertically or horizon-
tally polarized waves?

Ans.  Vertically polarized waves are used because they are
less easily reflected from the ionosphere or from obstructions
(such as mountain ranges) than are horizontally polarized
waves. Such reflections, usually resulting in waves with
strong horizontal components, give rise to spurious signals that
cause multiple course indications.

Ques. 7.66. Explain the term “quadrantal or aircraft
error’” and what is done to counteract this error in modern air-
craft radio installations? How does quadrantal error vary
with frequency?

Ans. Quadrantal or aircraft error, sometimes known as
“loop deviation,” is the error caused by the bending or reradia-
tion of the incoming signal by the metal of the plane. These
additional signals are often strong enough to cause the loop to
give false indications. Loops are mounted well forward on the
underside of the plane to minimize reflections. In addition, a
correction chart, special azimuth scale, or built-in error-cor-
recting cam is furnished to provide the pilot with an accurate
indication.

The amount of error increases with frequency because
shorter lengths of wire and metal become more effective reflec-
tors at higher frequencies.
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Ques. 7.67. Normally, what are the maximum and minj-
mum frequencies upon which a standard transport aircraft
D/F loop will give satisfactory operation?

Ans. Between about 100 and 1,800 kilocycles.

Ques. 7.68. An aircraft loop antenna is influenced by the
field of a vertically polarized wave front. Will the mag-
netic lines of force cut the loop from top to bottom or from side
to side?

Ans.  The vertical lines of force will cut only the vertical
sides of a loop. If the loop is oriented so that its plane is at
right angles to the wave front, the current induced front and
back will add. In a circular loop, any curved sector can be
thought of as having both a vertical and a horizontal compo-
nent, and therefore the loop as a whole will have electrical top,
bottom, and sides.

Ques. 7.69. It is common practice to employ plastic hous-
ings to streamline electrostatically shielded loop antennas on
air carrier aircraft. Do these housings have a conductive or
nonconductive surface?

Ans.  Such housings have a conductive coating. They are
often impregnated with graphite. The conductivity of the
surface should be such that the resistance from any square-
inch area to the supporting metallic structure does not exceed
10 megohms.

Ques. 7.70. Explain how aircraft D /F loops are constructed
so that they intercept electromagnetic waves and reject elec-
trostatic charges.

Ans. A simple shiclded D/F loop comprises a number or
turns of wire insulated from and enclosed in a circular metal
tube. The tube is not continuous but is split at the bottom,
the gap being filled with insulating material. The loop is thus
affected by electromagnetic waves but is shielded from electro-
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static charges. (Sce also Ques. 6.287.) Newer types have
powdered-iron cores and are physically smaller.

Ques. 7.71. When using a manual direction finder on a
homing station how should the D/F loop and the associated
receiver be adjusted?

Ans. The loop is oriented until the azimuth reads zero ana
u course is flown such that a null signal is always reccived.
The receiver gain should be high and should not be materially
reduced as the station approached. There is normally no cone
of silence above such a station.

Ques. 7.72. In an aircraft D/F installation, is the loop
calibration curve considered accurate for any frequency
between 200 and 1,800 kilocycles?

Ans. Yes, but too much reliance must never be placed in
an over-all calibration curve. It is desirable to make spot
checks at frequencies frequently used.

Ques. 7.73. What effect does a coast line have upon radio
bearings taken aboard an aircraft flying offshore?

Ans.  If the radio beacon is located upon the shore and the
path between it, and the aircraft is entirely over water, the
coast line has no effect.  Similarly, if bearings are taken on an
inland station on a line at right angles to the shore line, there is
no effect. Ilowever, bearings taken at an acute angle across
the coast line are subject to an error that increases as the angle
with the shore decreases. This effect, known as “coastal
refraction” or “land effect,” is caused by the refraction of a
radio wave in crossing the boundary of land and water. A
ray from a shore station to a plane over water would always be
bent in towards the coast line. Systems such as Loran are
essentially unaffected.

Ques. 7.74. In aircraft D/F work, is the minimum or maxi-
mum signal used to observe bearings? Explain.
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Ans. The minimum signal is used to observe bearings.
When a loop is pointed directly at the transmitting station, a
maximum signal is received. Ilowever, a maximum is an
indefinite quantity that may depend not only upon orientation
of the loop but also upon other factors, such as propagation and
receiver gain setting. The minimum or null position of the
loop is a definite and also a much sharper indication. It is
accordingly used as soon as the transmitter has been identified
and the bearing is to be taken.

Ques. 7.76. In aircraft radio navigation, what is meant by
a ‘“‘reciprocal’’?

Ans. A reciprocal is the direction of bearing plus or minus
180 degrees.

Ques. 7.76. Is quadrantal error in a loop installation
aboard an aircraft maximum or minimum at the cardinal
points of the azimuth?

Ans. Tt is minimum at the cardinal points and maximum at
points midway between the cardinal points.

Ques. 7.77. Describe the function of the sense antenna
used in conjunction with an aircraft ADF installation.

Ans. With a simple loop antenna, there is always a 180-
degree ambiguity in the direction because there are always
two positions that give a maximum (or null) signal. If, how-
ever, a separate sense antenna is connected to the receiver in
such a way that the resultant pattern of the two antennas is
a cardioid, the loop azimuth can be read directly as the direc-
tion of the transmitting station. The automatic direction
finder (ADF) requires such a sense antenna in order to function
automatically.

Ques. 7.78. What is the purpose of the threshold sensitiv-
ity control on an aircraft ADF unit?
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AAns. The sensitivity control (usually a screwdriver adjust-
ment) is a bias control on the thyratrons that control the loop
motor. The loop seeks always to remain at null signal. If
the aireraft changes position relative to the homing transmit-
ter, one of the thyratrons will fire and cause the motor to turn
the loop to null again. When the thyratrons are biased down,
they do not fire so quickly and the system is not subject to
“hunting” or continuous movement back and forth through
the null.

Ques. 7.79. What circuits of an aircraft ADF use thyratron
tubes?

Ans. The control circuits that drive the loop motor to seek
a null position.

Ques. 7.80. What is the purpose of the silica gel crystals in
an aircraft ADF installation?

Ans. The plastic housing of the loop, mounted externally
to the aircraft, is kept airtight, but is subject to temperature
extremes because of its exposed location. The changes of
temperature allow breathing of warm moist air from the plane,
and moisture condenses on the interior of the housing. The
air opening (inside the plane) is connected via a rubber tube
to a glass cylinder containing silica gel, a dessicant. Moisture
is taken out of the air before it can leak into the housing, which
is thus assured of dry air from which there is no moisture to
condense.

Ques. 7.81. With reference to ground D/F stations, what
is the principal advantage of the Adcock station over the early
loop D/F stations?

Ans. Ground direction finding stations using Adcock
antennas pick up essentially only vertically polarized waves
and can therefore give more exact determinations of direction
than earlier loop stations that often picked up other compo-
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nents. The Adecock receiving antenna shares the same advan-
tages for reception as for transmitting at a radio beacon.

Ques. 7.82. What is meant by the term ‘“hunting” in an
ADF system?

Ans.  When the motor-control thyratrons in an ADF sys-
tem are not sufficiently biased, the system responds to many
small irregular impulses and the loop is shifted quickly back
and forth over the null region. This phenomenon is called
hunting.

Ques. 7.83. Will static crashes affect the operation of an
aircraft ADF?

Ans. Yes. During a heavy thunderstorm off to one side
of the course the ADFE may spend a great part of its operating
time taking a null on the storm, shifting back and forth
between it and the desired beacon signal.

Ques. 7.84. What is the purpose of a compensator cam in
an aircraft ADF installation?

Ans. Planesof a type and even those of different types have
nearly the same quadrantal error characteristic.  If the ADF
loop is provided with a correction cam that removes the
quadrantal error, the direction indicator can be made direect
reading.

Ques. 7.85. What is an Autosyn as used with ADF systems
and what device furnishes power to the Autosyn?

Ans. The Autosyn isessentially a three-phase motor, which,
when properly connected to a similar motor, assumes the succes-
sive positions of the second motor as the latter is turned. 1t is
powered by alternating current which is either furnished by a
separate inverter run from the aireraft battery, or from the
400-cyvele a~¢ system with which many large planes are
equipped.
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Ques. 7.86. What type of radio range gives satisfactory
ADF operation? What type gives unsatisfactory operation?

Ans.  The older loop-type of radio range often gives false
readings. The newer Adcock-type radio range produces essen-
tially pure vertical polarization and is entirely satisfactory for
automatic direction finding.

Ques. 7.87. Why is it inadvisable to take ADF bearings on
synchronized broadcast stations?

Ans.  Synchronized broadeast stations operate on the same
frequencies and broadeast the sume programs. It is therefore
practically impossible to distinguish which transmitter is
being received, unless the airceraft is near one and the terrain
can be distinguished. The automatic direction finder would
tend to follow the nearer and stronger station. It would give
wholly confusing indications when flying between the two
stations.

Ques. 7.88. In reference to an ADF system, explain why
the position of the loop determines when power will be deliv-
ered to the loop motor-control circuit.

Ans. I the loop is oriented towards a null, a minimum sig-
nal will be received and the thyratron motor control tubes will
not fire. IHowever, if the aircraft swings so that the loop
shifts out of the null and a signal is received, a thyratron will
be fired by this signal and power will be supplied to the loop
motor in such a way as to move the loop back in the direction
away from the signal. When the null is once again received,
the thyratrons are extinguished and the motor turns off.

Ques. 7.89. Why is a low inertia-type motor used as the
loop control motor in an ADF system?

Ans. A high-inertia-type motor that took some time to go
into operation and to stop would increase the hunting in the
system and result in a continual movement of the indicator
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needle as the system tried unsuceessfully to find and maintain
the orientation of the loop on the null during normal flying.

Ques. 7.90. When using the aircraft ADF receiver for
aural flying of a low-frequency radio range, the function
switch should be in the ‘‘Antenna’” position instead of the
“Compass” position. Explain.

Ans.  When the switch is in the antenna position, the sense
antenna, which has better pickup than the loop, is connected
to the receiver and is used for maximum signal (rather than
null) reception of the radio range. In the Compass position,
the ADF receiver is arranged for null reception with the loop.

Ques. 7.91. What is the purpose of the rotatable scale on
the aircraft ADF azimuth indicator?

Ans. The rotatable scale is connected with the gyro com-
pass so that the magnetic direction of the radio beacon is
immediately apparent to the pilot.

Ques. 7.92. Why is it important that an aircraft employ
bonding and shielding of various radio and electrical units?

Ans.  Different masses of metal acquire unequal charges or
may rest at different potentials because of connection to sources
of power. If sparking occurs as a result of voltage breakdown,
or if vibration causes contact between circuits or equipment at
slightly differing potential, the resulting sparking sets up an
electrical disturbance that is readily picked up in sensitive
receiving equipment. It is therefore necessary that all radio
and electric equipment be grounded to a common lead or metal
frame in order to avoid potential differences. Wires carrying
high voltage alternating currents must be shielded to avoid
pickup of these currents; wires to high-gain electronic equip-
ment must be shielded from all extraneous disturbances.

Ques. 7.93. In bonding aircraft radio and electrical units
on an aircraft, should the resistance of the bond be of a high
or low value?

449




RADIO OPERATING QUESTIONS AND ANSWERS

Ans. The resistance of bonds should be held to as low a
value as possible.

Ques. 7.94. In a carbon-pile voltage regulator, is the car-
bon pile connected in series or in parallel with the shunt field
of the generator?

Ans. 1t is connected in series with the shunt field.

Ques. 7.95. In the resistance element of a carbon-pile
voltage regulator does the resistance vary inversely or directly
with the amount of pressure on the carbon?

Ans.  Resistance varies inversely with pressure.

Ques. 7.96. What operating characteristics of the carbon-
pile voltage regulator makes it well suited for aircraft use?

Ans.  Regulation of the generator output voltage is good
because of the continuous resistance change. The resistance
changes instantaneously to compensate for changes in the out-
put voltage of the generator. Radio interference is reduced by
avoiding the opening and closing of contacts. Its construction
allows it to carry heavy currents without damage and its
resistance variation makes it effective over a wide range of
field current. It is relatively unaffected by vibration or shock
experienced in aireraft.

Ques. 7.97. What is the purpose of the equalizer circuit
in a parallel generator system using a carbon-pile voltage
regulator?

Ans. The .equalizer circuit permits the use of two genera-
tors for battery charging and effectively prevents voltage dif-
ferences between the generators. The reverse-current relayvs
and carbon-pile regulators are often assembled in a single cabi-
net sometimes called the load center.

Ques. 7.98. At what speed of the aircraft engine should the
generator develop its normal voltage?
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Ans. The generator should develop normal voltage at
about 1,500 r.p.m. engine speed. Owing to usual gearing, the
generator will be turning at about 2,250 r.p.m.

Ques. 7.99. How is the rating on an aircraft generator
usually stated?

Ans. An aircraft generator is usually rated by its current-
carrying ability in amperes.

Ques. 7.100. List at least two sets of figures for generator
ratings on present day transport aircraft.

Ans.
d-c voltage, 30 volts d-c voltage, 28.5 volts
d-c eurrent, 50 amperes d-c current, 200 amperes

power output, 1,500 watts power output, 5.7 kilowatts
speed, 2,400/3,600 r.p.m.  speed, 2,500/4,500 r.p.m.
cooling, fan cooling, air blast

Ques. 7.101. What is the purpose of employing differen-
tial-voltage reverse-current relays in aircraft generator
systems?

Ans. Protective relays are employed in aircraft generator
systems to disconnect the generator when the engine is idling
because the gencrator voltage is low, and the battery would
otherwise tend to discharge into it. Reverse current relays
also protect the whole system in case the generator polarity
should become reversed. If no protective device were
employed, the generator and the battery would, in effect, short
circuit into each other. A reverse current cut-out is also
necessary when more than one generator is used.

Ques. 7.102. Discuss air carrier aircraft electrical systems
with regard to general wiring (single wire, two wire).

Ans. Single-wire systems use a bus bar attached to the air-
eraft structure as ground return. This type of wiring is least

451



RADIO OPERATING QUESTIONS AND ANSWERS

expensive, considering both materials and labor costs, and is
generally employed in transport airplanes. If appreciable
current is carried, magnetic fields are set up that disturb instru-
ments like the magnetic compass. The more expensive two-
wire system uses a pair of wires that are twisted together, thus
canceling out the magnetic field and cutting down disturbances.
It is customary to provide cables made up to serve given areas
of a plane, rather than to run single cables for each use. These
completely shielded cable sections are joined in junction boxes.
This system allows maintenance or replacement of faulty sec-
tions. The ignition system, in particular, uses a harness and
shielded cable made up as a unit. Voltage breakdown in this
part of the electrical system is not only disastrous to the
operation of the aircraft, but can also be a source of strong
interference to the radio communication and navigation
equipment.

Ques. 7.103. Describe the operational characteristics of
“trip-free” and “nontrip-free” circuit breakers as used in air-
craft radio and electrical installations.

Ans. A trip-free circuit breaker is one that eannot he
overridden. Once it has blown, it is not possible to close the
circuit against the heavy-current condition that caused the
breaker to operate. If the heavy-current condition has cleared
by itself, then the breaker can be reclosed normally. A non-
trip-free circuit breaker is one that can be restored to its operat-
ing position even though the heavy current that caused it to
blow is still flowing. Trip-free circuit breakers are used in all
nonemergency circuits in aircraft. Emergency circuits, that
is, those the failure of which may result in the inability of the
airplane to maintain controlled flight, use the nontrip-free
type. Such circuits must also employ flame resistant cable.

Ques. 7.104. Name one important reason why alternating
current is not used for the primary power source on transport
aircraft.
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Ans. An aireraft is dependent upon its storage battery for
such initial functions as starting (although large aircraft
require special ground starting-generator sets). Since this
battery must be kept charged, a generator for the purpose can
be designed not only for charging but also to furnish additional
current to other devices. Alternators for the production of
alternating current must be brought up to speed before their
voltage and frequency are generally useful. Devices oper-
ating from a battery and a generator in parallel are imme-
diately useful and independent of the speed of the engines.

Ques. 7.106. Explain how transport aircraft generators are
driven.

Ans. Aircraft generators are directly driven from the air-
craft engine. The splined end of the generator rotor fits a
geared coupling on the engine and has a step-up ratio of about
1.5 to 1 so that the generator revolves faster than the engine.

Ques. 7.106. What particular electrical system on an air-
craft is difficult to shield by the use of filters?

Ans. The ignition system cannot be filtered to prevent
interference to radio equipment, but it is shielded as com-
pletely as possible, with the shiclding bonded to the engine or
metal framework of the aircraft at least every 18 inches.

Ques. 7.107. Polyethylene-covered antenna wire is being
used on many transport aircraft radio installations. What is
the advantage of this type of antenna over the small diameter
braided copper wire? Over solid copper wire?

Ans. Corona discharge from radio antennas is not the sole
source of interference from precipitation static but it is one
of the worst. Insulated antennas provided with special
supporting fittings are vastly superior to small braided wire in
reducing corona effects because the latter develops small,
sharp points from which corona takes place at relatively low
voltage. The insulated antennas prevent corona discharge
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under all normal conditions. If the insulation is punctured,
however, the polyethylene-covered antenna loses its effective-
ness. It must be inspected periodically for punctures. Solid
copper wire is superior to braid because it does not develop the
sharp projections. If it has a sufficiently large diameter, its
corona onset potential is high and it may be as useful as the
insulated type from this point of view. It has no insulation
to puncture, and when used for transmitting, it has lower I2R
loss. Installation and maintenance costs are low. IHowever,
the appreciable mass of large-diameter copper wire may often
make it mechanically unsuitable.

Ques. 7.108. Name one advantage of using large-diameter
bare aluminum wire for antennas on transport aircraft.

Ans. Besides advantages of large-diameter conductors as
aircraft antennas listed in Ques. 7.107, large-diameter bare
aluminum wire has the additional advantage of being light in
weight.

Ques. 7.109. What is the purpose of using trailing wicks
on the wing tips and tail surfaces of transport aircraft?

Ans.  After the corona from antennas has been eliminated,
the corona discharge from other surfaces becomes important
as a source of interference. Static discharge wicks are placed
as close as mechanically possible to the wing tips and trailing
surfaces of wings, elevators, and rudder. These wicks provide
a sort of coupling or connection between the aireraft and the
atmosphere and tend to equalize the charges between them
gradually, thus avoiding or minimizing corona discharge.

Ques. 7.110. With reference to electrostatic buildups on
transport aircraft, which will produce the higher charging rate,
dry snow and ice crystals, or wet snow and rain?

Ans.  Dry snow and ice erystals produce higher charging
rates than wet snow and rain, generally causing severe pre-
cipitation-static interference for long periods of time.
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Ques. 7.111. Which one of the two, air speed or ground
speed, is a contributing factor in the buildup of high electro-
static potential on an aircraft flying through sleet, snow, or
dust?

Ans. Since the buildup of potential is a function of the
speed of the moving particles against the aireraft, it is the air
speed, or the actual speed of the particles relative to the plane,
that is important rather than the speed of the plane in relation
to the ground.

Ques. 7.112. Discuss the progress that has been made in
recent years toward the elimination of precipitation static on
aircraft.

Ans. One of the most important discoveries has been that
the worst source of interference to radio reception is corona
discharge from the receiving antenna itself. Development
of polyethylene-covered antennas with suitable fittings to
avoid corona has virtually eliminated disturbances from this
source. Large-diameter, lightweight (aluminum) wires are
also being used successfully. Although a charged metallic
body suspended in the air will lose its charge in about 7
minutes, the continual charging of aircraft in motion does not
allow it to lose its charge, and corona areas build up. Even
the exhaust gases do not provide sufficient *connection” to
the atmosphere to discharge the plane. Among many devices
and methods tried, it was found that a soft cotton wick treated
with colloidal metal is the most generally acceptable means of
discharging the corona current without setting up appreciable
disturbance. All the methods described have considerably
reduced static discharge disturbances but have not completely
climinated them.

Ques. 7.113. Under conditions of severe precipitation
static, why is a loop antenna superior to a fixed antenna in
receiving radio signals?

455



RADIO OPERATING QUESTIONS AND ANSWERS

Ans. A loop antenna in itself is usually inferior to other
types in its amount of signal pickup. However, since it is
clectrostatically shielded, it can often be used for reception
when other antennas are useless because of the high noise level
from static.

Ques. 7.114. What is meant by corona, or St. Elmo’s fire?
What design in aircraft antennas aids in preventing corona?

Ans. Corona, or St. Elmo’s fire, i1s a visible electrical dis-
charge from a highly charged body to another of different
charge or into the atmosphere. The resulting oscillation is of
sufficient strength to obscure radio signals. Corona occurs
first from sharp points. If these can be avoided in the con-
struction of a radio antenna, corona can be eliminated. Large-
diameter wires and particularly wires of small diameter covered
with polvethylene insulation are now used to minimize corona
discharge from the antenna.

Ques. 7.115. What is the advantage of the SBRA-type
range station over the MRL-type range station when using
the aircraft D/F for bearings?

Ans. The SBRA range is a scheduled broadcast station
(B) with simultaneous transmission of range signals and voice
(8). The range (RA) employs an Adcock antenna with
vertical radiators. Its power is greater than 150 watts. The
MRL range is simply a range with no provision for voice
broadcasts and employs loop radiators. Tts power is between
50 and 150 watts. If the aircraft direction finder loop is being
used to pick up the transmitter, the stronger signal from the
SBR.A will be easier to use. Because it employs an Adcock
antenna, there will also be much less night effect owing to
reflections from the ionosphere. The SBRA has a cone of
silence over it. With the MRL loop transmitting antenna, its
horizontal component is often reflected from the ionosphere
as a vertical component causing confusing readings.
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Ques. 7.116. What are the principal advantages of the
Adcock radio range over the loop-type radio range?

Ans. The Adcock radio range employs vertical antennas
and transmits no appreciable signal with horizontal polariza-
tion. There is a definite cone of silence over the Adecock
range. Horizontal signals from a loop-type range are often
reflected from the ionosphere as vertical polarization, causing
a swinging beam or confusing signals on which no null can be
found. There is actually no null over a loop-type range
although the receiving antenna characteristics may show one.

Ques. 7.117. Explain the principle of operation and the
type of emission obtained from an aerophare.

Ans. Aerophare is the international designation for aero-
nautical radio-beacon station. As a generic term it may refer
to any one of several types, such as Consol (Sonne), low-
frequency range, MOR, VOR, and RACON. However, in
current usage, the term commonly refers to a station that
comprises a transmitter and antenna system that sends out
continuous waves of approximately uniform strength in all
directions so that aireraft equipped with a direction finder can
determine azimuth with relation to the aerophare. The
transmitting station operates somewhere in the region between
200 and 400 kilocycles. It is identified by dots and/or dashes
and a silent period. The characteristic keying is at a modula-
tion frequency of 1,020 cycles.

Ques. 7.118. What is the general shape of the radiation
pattern of an aerophare?

Ans. The continuous-wave aerophare used for homing has
a generally circular pattern.

Ques. 7.119. What aircraft equipment is necessary to make
use of the service of an aerophare?

Ans.  Direction finder receiver and loop.
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Ques. 7.120. Explain the principle of operation of the
omnidirectional range.

Ans. The omnirange illustrated in Fig. 7-1 uses a trans-
mitter and complex antenna system of five antennas to
transmit both a nondirectional signal and one that rotates at

NONDIRECTIONAL
FIELD ~ _

.~ RESULTANT
ROTATING
FIELD

FIGURE 8 7
ROTATING
FIELD

THE RECEIVING ANTENNA PICKS UP AN R-F SIGNAL
VARYING IN AMPLITUDE AT 30 CYCLES PER SECOND.
THE MAGNITUDE OF THIS VARIATION IS 30 PERCENT,

F1G. 7-1. Principle of the omnidirectional range.

1,800 r.p.m. or 30 cycles per second. Both radiated signals
are in phase at one instant and out of phase by varying and
measurable amounts for the rest of the rotation period. The
nondirectional reference signal is transmitted on a 10-ke FM
subcarrier so that the receiver in the aircraft can separate it
and compare it with that from the rotating system. Because
the in-phase relationship is established when the rotating
signal is directed towards magnetic north, the amount of phase
deviation can be made to represent azimuth from the trans-
mitter. For example, when the receiving system senses a
96-degree phase difference, the indicator will show that the
aircraft is magnetic north plus 96 degrees, or a little south of
east. The low-frequency omnirange is known as the MOR
facility and the more common VOR facility stands for VHF
Omnidirectional Range.
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Ques. 7.121. How is the rotating signal in an omnirange
initially set with respect to true north, or magnetic north?

Ans. The rotating and reference signals are initially set in
phase when the range is transmitting towards magnetic north.

Ques. 7.122. Upon what freqhency do marker beacon
receivers operate?

Ans. At 75 Me.

Ques. 7.123. What is the purpose of the “HIGH-LOW?”
switch used in conjunction with the aircraft marker beacon
receiver?

Ans. Two different values of receiver sensitivity can be
selected. At high altitudes, with the switch in the “HIGI”
position, the receiver is more sensitive to the weaker signal.
At low altitudes, the switch can be set in the “LOW’’ position
to make the receiver less sensitive and therefore capable of
giving a sharper indication of the marker.

Ques. 7.124. Explain how overloading in a radio range
receiver may cause apparent reversal of quadrant signals of a
low frequency range.

Ans. Owing to the fact that range signals may often be
used at great distances from the station, the receiver is pro-
vided with appreciable audio power output. If, as a pilot
approaches the range transmitter, he does not decrease the
gain control setting there will often be sufficient signal to over-
load the audio amplifier. When flying in the twilight zone,
either the A or the N signal is much weaker than the other.
With the amplifier overloaded, the louder signal driving the
amplifier grid further positive will tend to cut off the amplifier
output to the phones, while the weaker signal will allow the
1,020 beat signal to come through. As a result, the pilot will
hear an N instead of A, or vice versa. This situation should,
however, be quickly noted by the garbling of the station
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identification caused by the inversion of the dots and dashes.
A receiver with AVC may also give a similar effect.

Ques. 7.125. Explain the principle of operation of the radio
range filter as used on U.S. aircraft radio installations.

Ans.  The radio range signal consists of a steady carrier at
a fixed frequency and two coded carriers exactly 1,020 cycles
higher in frequency. In the aircraft, the output of the
receiver is provided with a band-pass filter that has minimum
attenuation at 1,020 cycles. Another portion of the range
filter contains a circuit with a maximum attenuation at 1,020
cycles. A switch allows the pilot to connect either the band-
pass filter for range work, or the band-elimination filter so that
he can receive the voice broadeasts with which the steady
carrier is occasionally modulated. A third switch position
allows him to hear both the range and the broadcast together.

Ques. 7.126. What types of aircraft antennas are used for
radio range flying?

Ans.  An inverted-L or a fin antenna above the plane, or a
vertical whip extending below the plane are often used.
Inverted balanced-T, trailing wire, and other types are also
in current use.

Ques. 7.127. What are compass locator stations and on
what frequencies do they operate?

Ans. Compass locator stations are low-power, nondirec-
tional radio beacons transmitting a circular pattern. They
operate in the frequency band 200 to 400 kilocycles and
transmit a continuous carrier modulated with the identifying
code letter or letters, at 1,020 cycles. These facilities are
installed at some outer or middle marker sites as interim ILS
(Instrument Landing System) aids.

Ques. 7.128. List three disadvantages of the conventional
low-frequency radio range.
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Ans.  Despite its widespread use and great utility, the
low-frequency radio range has a number of disadvantages.
Only four definite courses are provided and if a pilot is lost he
does not know in which quadrant he is located until he com-
pletes a lengthy flying procedure. Static is prevalent in the
frequency band (200 to 400 kilocycles) used for this facility.
At the frequency used, the terrain or ionospheric effects often
cause bending of the beam, multiple courses, and night effect.

Ques. 7.129. In actual flying practice, how many visual
courses does VOR offer simultaneously at any given altitude
level—(1) 4, (2) 16, (3) 90, and (4) 3607

Ans.  (3) 90. Although there are, theoretically, an infinite
number of courses, the width of the VOR beam is not infinitely
small, but about 4 degrees wide. There are, therefore, 90
definable courses in a complete 360-degree circle.

Ques. 7.130. What is the frequency of the keyed tone
producing the VOR station identification signal—(1) 500 cps,
(2) 1020 cps, (3) 3010 cps, (4) 3000 cps, (5) 6210 cps?

Ans.  The frequency of identification is 1,020 cycles per
second.

Ques. 7.131. What is meant by the term MOR with respect
to radio aids to air navigation?

Ans. The MOR facility is a low-frequency omnidirectional
range, similar to VOR but operating in the frequency region
between 365 and 415 kilocycles. The system is in develop-
ment at this writing. Although it should more properly be
designated LOR (and was, originally) the letters MOR have
been chosen so as to avoid confusion with LORAN,

Ques. 7.132. How does the “Z’ marker provide a definite
means for the aircraft determining its position over the cone of
silence?
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Ans. The Z-marker transmitter provides a conical signal
pattern within the cone of silence of a low-frequency radio
range that positively identifies the region. This marker
operates at 75 megacycles and is continuously modulated at
3,000 cycles. Its signal is received in the plane and normally
actuates a white light on the instrument panel.

Ques. 7.133. What audio frequencies are associated with
Z markers, fan markers, and inner and outer markers?

Ans.  Modulation for Z markers is 3,000 cycles contin-
uously. Fan marker modulation at 3,000 cycles is keyed to
indicate the course, starting with one dash on the course
clockwise from true north. If there is a second fan marker,
the outer one is coded with the same number of dashes as the
inner one but with two dots preceding the dashes. The outer
marker for ILS is keyed to emit two dashes per second at 400
cycles. The middle marker for 1LS is keyed to emit alternate
dots and dashes at a frequency of 1,300 cycles. The boundary
marker used at some special ILS installations is modulated at
3,000 cycles and keyed so as to emit six dots per second.

Ques. 7.134. What advantage, with respect to approach
control, does the new bone-shaped marker offer over the
standard fan-shaped marker?

Ans.  The latest fan marker has a bone shape and is only
1.5 miles thick at the narrowest point at the 3,000 foot level.
The pilot is therefore able to determine much more precisely
the exact time he is over the marker site. The standard fan
marker is 4 miles thick at the same altitude. The pilot can
thereby vary his holding pattern to be inbound to the range
station at the exact time specified by approach control.

Ques, 7.136. If the marker light indicator in the cockpit
failed, would the flight personnel have available any other
indication that signals from a marker were being received?
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Ans. Yes, the markers are identified by continuous or
keyed audio tones, depending upon the type of facility, and
these tones can be received in headphones connected to the
marker receiver.

Ques. 7.136. What is the signal called that is radiated
from the center loop of a VOR radio facility?

Ans. The center loop radiates the reference phase. (Sce
Ques. 7.120.)

Ques. 7.137. What may be considered as the normal
reliable service radiation of the VOR radio facility—(1) 60
miles, (2) 2.5 miles, (3) 3 miles, (4) 3.6 miles, and (5) 100
miles?

Ans. (1) 50 miles. Although the signals may normally be
received at 150 miles, facilities are installed approximately
100 miles apart.

Ques. 7.138. What are the three main advantages of the
VAR radio facility?

Ans. The VAR (Visual Aural Range) facility gives the
pilot: (1) instantaneous, unmistakable indication as to the quad-
rant in which he is located; (2) operating at VIIF, it is not
subject to the multiple courses and night effects of the older
low-frequency ranges; (3) it serves admirably as an interim
facility, particularly in using the ILS localizer pointer (of the
crosspointer indicator) for the visual courses.

Ques. 7.139. What is the average usable range of the
VAR facility?

Ans.  Although VAR signals in the 108 to 112 megacycles
band can often be heard by planes at high altitude 200 miles
away, dependable operation under normal conditions is con-
sidered to be 50 miles.
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Ques. 7.140. Why are the blue and yellow visual and the
A and N aural areas of a VAR referred to as sectors rather
than quadrants?

Ans. The visual and the aural ranges of interest to the
pilot are extremely narrow beams referred to as sectors.
These sectors form the boundaries that divide the air space
into four quadrants identified by both a color and a Morse
code letter; for example, the visual-blue aural-N, or the visual-
yellow aural-4 quadrants.

Ques. 7.141. Describe the method of orientation used in
the VAR.

Ans. The standard sector orientation for Green and Red
airways (east—west) is blue visual to the north, yellow visual
to the south; while the A aural is to the west, and N aural
to the east. On Amber and Blue airways (north—south) the
VAR facility is oriented with blue visual to the west and
vellow visual to the east; N aural is to the north and A aural
to the south.

Ques. 7.142. How is the “On-Course” signal produced in
a low-frequency radio range station?

Ans. A low-frequency radio range employs two pairs of
antennas that radiate energy in a double figure-eight pattern,
in the horizontal plane. The transmitter is alternately con-
nected first to one and then to the other antenna system,
being keyed with the Morse code A (.—) for one antenna and
with N (—.) for the other. The dots and dashes of these code
signals are interlocked so that if a pilot is flying a course mid-
way between the two maximum A and N signals, he receives
a steady equisignal. If he leaves the beam he then begins to
distinguish the A or the N stronger, depending upon which
side of the course he is now flying. In addition to the double
pair, a center antenna transmits an omnidirectional signal at
a frequency 1,020 cycles removed from that of the 4 and N
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beams. Accordingly, the A and N indications are heard as a
1,020-cycle tone at the plane (see Fig. 7-2).

Fig. 7-2.  Principle of the low-frequency range facility, showing markers,

Ques. 7.143. What is meant by the “twilight” zone in
radio range flying?

Ans.  On one side of the equisignal or steady-tone region
of a low-frequency range beam, the Morse code A can be
distinguished, while on the other side of the equisignal the N
can just be heard. These regions are often called the twilight
zones. Planes keep to the right of the equisignal region
traveling in either direction in order to avoid collision.

Ques. 7.144. How is the cone of silence produced over a
low-frequency radio range station?

Ans. The signals from a low-frequency radio range are
vertically polarized and are normally received at the aireraft
on an antenna that responds best to vertical polarization.
Reception of the range in a small region above the trans-
mitting antenna system is poor, resulting in the phenomenon
known as the cone of silence, in which the signal is either
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extremely weak or altogether absent, depending upon the
transmitting antenna system and upon the gain control setting.

Ques. 7.145. In radio range flying what is meant by
“multiple courses”?

Ans. Particularly in mountainous country, the equisignal
of a radio range may be broken up into several segments over
a space of 10, 15, or more degrees. Between the separate
beams the A and N quadrant signals may be heard, some-
times in their proper relation to the on-course signal and
sometimes reversed.

Ques. 7.146. If an aircraft is flying at right angles to a
range leg affected by multiple courses, what signals would
be heard in the radio range receiver?

Ans. A series of A, on-course, and N signals would be
heard over a spread of 15 degrees more or less. The signals
might occur in the order listed; in reverse order if the plane
were flying in the opposite direction, or an A signal might
both precede and follow the on-course equisignal. The same
might be true of N signals.

Ques. 7.147. Explain the operation of the ground portion
of an ILS.

Ans. The ground portion of the ILS system is shown in
Fig. 7-3. It comprises a localizer transmitter operating on a
frequency in the region between 108 and 110 megacycles.
Sufficient power is transmitted so that an on-course signal
can be received at least 25 miles from the runway. The
course signal is produced by a field pattern modulated at two
different frequencies. The approach sector to the right, look-
ing towards the transmitter, is identified by a 150-cycle signal
and is designated on charts and instruments as the blue
sector. The left side of the on-course signal is identified by
a 90-cycle modulation and is designated as the yellow sector.
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The equisignal region is very sharp but the beam is about
70 feet wide at the touchdown point and more than a mile
wide at a distance of 10 miles from the transmitter. Each
localizer transmitter is identified by a three-letter code and
voice modulation is generally used for approach control.
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Fia. 7-3. Ground portion of the ILS system.

The glide path transmitter is located 1,000 feet from the
approach end of the runway and about 400 feet from the
center line of the runway. It operates upon a frequency
paired with that of the localizer and is somewhere in the
region between 332 and 335 megacycles. Its course is formed
in the same way as that of the localizer, except that it is at
right angles so that the cross section in space is approximately
a plus sign. The upper side of the beam is modulated at
90 cycles and the lower side at 150 cycles. There is no color
identification used with the glide path that rises from the
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ground at an angle of 2.5 degrees. It is 1 degree wide at the
ground and spreads to a vertical thickness of nearly 1,400 feet
ten miles away.

About 4.5 miles from the runway is located the outer fan
marker, operating at 75 megacycles and modulated at 400
cycles with two dashes a second. A middle marker about
3,500 feet from the approach end of the runway operates at a
carrier frequency of 75 megacycles and emits alternate dots
and dashes of 1,300-cycle tone.

When used, a boundary marker is located 300 feet from the
approach end of the runway, its housing 200 feet off the run-
way. This transmitter likewise operates on a carrier of 75
megacycles. It is modulated by a series of dots (six per
second) transmitting 3,000-cycle tone.

Compass locators operating in the 200- to 400-kilocycle band
transmit a single code letter (now being modified to two) with
1,020-cycle tone. They are often used as an interim facility
to get aircraft into the ILS system, or for flying a holding
pattern.

Ques. 7.148. In the ILS, which is the sharpest course—
the localizer or the glide path?

Ans. The glide path is the sharper course of the two.

Ques. 7.149. On what frequency do marker beacons used
in conjunction with ILS operate?

Ans. On 75-megacycle carrier frequency but with different
audio modulation depending upon the location of the beacon

Ques. 7.160. What aircraft radio equipment is necessar)
to make use of all units of ILS?

Ans. Required are ILS receiver for localizer and glide path
localizer and glide path antennas, cross-pointer indicator
marker receiver (with antenna) with frequency discriminating
circuits and signal lights.
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Ques. 7.161. What type of instrument is used for the
cross-pointer indication on the instrument panel of an air-
craft when using ILS?

Ans. A special dual microammeter.

Ques. 7.162. What is the purpose of the aircraft flag
warning used with the ILS indicator?

Ans. The flag warning is actually a miniature voltmeter
that is actuated when there is insufficient or no signal from
cither the localizer or the glide path transmitter, or both.
If any part of the flag is showing, the pilot does not use the
[LS system.

Ques. 7.163. Is the following statement TRUE or FLASE?
“In the ILS, regardless of the position or heading of an air-
craft, the localizer needle will always be deflected in that
color area in which the aircraft is flying.”

Ans. TRUE, but when approaching the airport on the
back beam, the blue sector will be at the left and the yellow
at the right of the craft, rather than as marked on the ILS
cross-pointer instrument. [t is not safe to use the back beam
without first determining its characteristics.

Ques. 7.154. In flying the ILS, when the aircraft is above
the glide path, will the horizontal needle be deflected UP or
DOWN?

Ans. The needle will be deflected down. The pilot identi-
fies the center of the meter with his craft and the meter needle
with the path. He corrects so as to bring his plane onto the
path.

Ques. 7.155. If noise breaks through in the headset on a
VHF communications units, what adjustment can be made?

Ans.  The threshold of the carrier-operated squelch circuit
can be adjusted so that noise does not operate the receiver.
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Ques. 7.166. Certain aircraft communications receivers
have an antenna aligning control on the panel. Electrically,
what is accomplished when this control is adjusted?

Ans. The alighment control tunes the input cireuit to
match the antenna characteristic to that of the receiver and
effects an optimum transfer of energy to it.

Ques. 7.167. What are the approximate c-w, mcw, and
voice power ratings of transmitters used in U.S. air carrier
aircraft operating overseas?

Ans.  Power ratings for a given equipment vary with type
of modulation or absence of modulation. Power output from
various types of equipment in current use ranges from 50 to
125 watts.

Ques. 7.168. What is the purpose of an isolation amplifier
in an aircraft radio installation?

Ans.  Various crew members may wish to listen to different
combinations of signals from radio facilities or interphones.
If phones are simply bridged across the several outputs, the
facilities will then be paralleled for all listeners and the level
will decrease. Isolation amplifiers are so arranged that the
crew member can listen to the output of the appropriate
amplifier to which various input signals can be connected
through very high resistances. There will then be no notice-
able crosstalk for those not desiring the particular combination
of signals.

Ques. 7.169. What is the purpose of the side-tone feature
in an aircraft radio installation? How is side tone obtained?

Ans. Side tone is a monitor signal derived from the trans-
mitter so that the pilot can hear his own transmission. By
this means, he is able to adjust the level of his voice to modu-
late the transmitter properly. Side tone can be obtained
from the output of the microphone circuit, from the last
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audio stage of the receiver, or more usually, from a special
side-tone amplifier that is a part of the interphone system.
One system using a dry-disc rectifier produces no signal unless
the transmitter is sending out a modulated signal.

Ques. 7.160. What may cause severe arcing in aircraft
transmitters at high altitudes?

Ans. Alr at low pressures is a poor insulator. When high
voltages are involved, corona takes place. High-voltage plate
conductors and r-f leads, unless properly insulated or ade-
quately spaced away from ground, will are over at high
altitudes.

Ques. 7.161. In tuning an aircraft radio transmitter can it
always be expected that the same antenna current will be
secured on all frequencies?

Ans. No. Maximum antenna current is usually an indi-
cation of optimum tuning, but the same maximums should
not be expected for all frequencies using the same antenna.
As the frequency is changed the current distribution along the
antenna changes. The meter is fixed at one point in the
antenna and reads the current at a given physical point.

Ques. 7.162. In aircraft communications, how does the
line-of -sight communication range vary with the altitude of
the aircraft? At an altitude of 5,000 feet over level terrain,
what maximum line-of-sight VHF communication range may
be expected from the aircraft to a ground station?

Ans. At VHE, the line-of-sight communication range
increases as a function of altitude of the aircraft. At 5,000
feet, the line-of-sight range is approximately 87 miles. In
many cases, however, communication might be carried on
over a considerably greater distance than this.

Ques. 7.163. When using automatic keying on the
AN /CRT-3 (modified Gibson Girl life-raft transmitter),
what signals are transmitted and upon what frequencies?
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Ans. A 500-kilocycle signal modulated with 1,000-cycle
tone sends out six groups of SOS followed by a dash not
exceeding 20 seconds in length. A switching mechanism then
shifts frequency to 8,280 kilocyele and six groups of SOS are
sent by continuous wave (no modulation) followed by a dash
(for direction finding purposes) not exceeding 20 seconds in
length,

Ques. 7.164. Discuss the advantages and disadvantages
of the following aircraft antennas: fixed, trail, whip, stub
mast, and loop.

Ans. The fixed antenna is desirable for reception and
transmission of low and medium frequencies, but because of
its length is subject to a considerable icing load. A trailing
wire is even better for low-frequency work, but constitutes a
hazard and is likely to be lost if not reeled in before landing.
The whip suffers from its short length but is useful and less
likely to be damaged than some other types. Because it is
usually mounted below the body of the aireraft it tends to
remain in a vertical position even when the craft is turning.
A stub mast is somewhat hazardous to flight and its large
area ices heavily. Although it does not vibrate appreciably,
it may cause loss of signal when the plane turns since it is
then going into a horizontal position. It can be mounted
either above or below the body of the craft. The loop is
mandatory for ordinary direction finding and is shielded
against the worst effects of precipitation static, but it has
poor signal pickup.

Ques. 7.165. What type of aircraft antennas will permit
maximum radiation on such medium frequencies as 333 and
500 kilocycles?

Ans.  The trailing wire or long wire from front to fin is best
for these frequencies, with the fixed type a poor second.
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Ques. 7.166. Explain the principle of operation of the
antenna change-over relay in an aircraft radio installation.
What is a vacuum antenna relay?

Ans. When an antenna is to be used for both transmitting
and receiving, it is necessary that a quick means be provided
to switch the antenna from one position to the other. The
antenna is normally connected to the receiver and the antenna
relay actuated only when the transmitter is turned on. For
voice transmission, the antenna is switched to the transmitter
for an appreciable length of time. For c¢-w transmissions, the
antenna relay follows the keying. A vacuum antenna relay is
one with contacts enclosed in an evacuated glass bulb. The
contacts are protected thereby from dust, dirt, moisture, fumes,
the oxidizing effects of air, and arc-over at high altitudes.

Ques. 7.167. How may an aircraft D/F loop be utilized
for antistatic reception of radio range signals?

Ans. If the loop is directed towards the range, signal
strength will be maximum and static will be at a minimum.

Ques. 7.168. Describe the physical construction of
antennas used with the aircraft radio altimeter.

Ans. Antennas commonly used for the aircraft radio
altimeter operating at 440 megacycles are two half-wave
dipoles, usually mounted below the belly of the craft and
some distance apart. Iach antenna is a dipole about 1114
inches in over-all length with ceramic insulating material
between the two halves at the center. The dipole is sup-
ported by 514-inch long quarter-wave tubes that are integral
with the inner ends of the two halves. A metal base plate
for the quarter-wave standoff tubes completes the rugged con-
struction. A coaxial fitting makes connection to this plate
and the center lead runs down inside one tube and through
the inside of the insulator to connect to the half of the dipole
supported by the other tube.
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Ques. 7.169. Explain the principle of operation of the
Flux Gate compass system.

Ans. The Flux Gate (a trade mark of Bendix Aviation
C'orp.) compass system comprises a Gyro Flux Gate trans-
mitter, mounted in the wing or tail of the plane, a master
direction indicator at the instrument panel, an amplifier, and
a caging switch box convenient to the pilot. Other equip-
ment; such as a repeater indicator, is either necessary or
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Fi1g. 7-4. Block diagram of a Flux Gate compass system.

customarily used. The essentials of the system are shown in
the block diagram Fig. 7-4.

The Flux Gate primary is alternately saturated and demag-
netized by current from the 487.5-cycle oscillator at a rate of
975 times a second. No inductive effects are produced in the
secondary by this saturation of the core. Ilowever, the d-c
magnetic flux of the earth’s field cuts the secondary winding
975 times a second (by virtue of the alternate saturation and
demagnetization action of the primary). The voltage induced
in each secondary depends upon its position in the earth’s
magnetic field. Because it is desired to determine a plane’s
heading by the various unique induced-voltage combinations,
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it is necessary to hold the Flux Gate horizontal at all times.
A vertical gyro is used for this purpose.

Signals from the Flux Gate secondary are fed into a special
self-synchronous motor, known under the trade names of
Autosyn and Selsyn, and identified as a synchro by joint
Army-Navy designation. The stator uses a wye connection.
The two-pole rotor (with slip rings) picks up any change in
the signal and feeds it to the signal amplifier. The signal
is still further stepped up in the power amplifier and sent out
to the variable-phase winding of the low-inertia induction
motor. This motor is also supplied with fixed-phase voltage
from the 975-cycle oscillator. The motor turns the gear
train (in the proper direction, depending upon the phase of
the signal) until signal voltage from the Autosyn rotor falls to
anull. At the same time, the indicator dial and the repeaters
have been turned to the new heading. As long as the aireraft
flies this course, the Ilux Gate secondary will deteet no changes
in the effect of the earth’s field. If the aircraft turns, a new
pattern of voltages will be induced in the Flux Gate secondary,
a new field pattern will be set up in the stator of the Autosyn,
the rotor will send a signal to the amplifiers, and the low-inertia
motor will turn the Autosyn rotor to a new null. The indica-
tors will show the new heading.

Although not specifically asked for, the student would be
well advised to compare the Sperry Gyrosyn compass with the
Bendix Flux Gate compass. The two systems have similari-
ties, but the Sperry device employs a pendulously mounted
Flux Valve and a horizontal gyro in the indicator. Similarly
named parts, such as indicators and amplifiers, are not inter-
changeable between the two systems.

Ques. 7.170. What type of power supply is used in the
Flux Gate compass system?

Ans.  The Flux Gate compass system requires a source of
115-volt, 400-cycle, 3-phase power and 27.5 volts d-c.
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Ques. 7.171. Explain the purpose of the gain control on
the amplifier unit of the Flux Gate compass system.

Ans.  The gain control on the amplifier allows an adjust-
ment of the sensitivity of the equipment under different oper-
ating conditions and over terrain with varying magnetic fields.
The gain is set as high as possible without oscillation of the
master indicator dial. If the gain is set too high, the system
becomes too sensitive and tends to ‘““hunt” about the null
point.

Ques. 7.172. What functions are performed by the ampli-
fier unit of the Flux Gate compass?

Ans. The amplifier is the power distributing center for the
system as well as the source of voltage and power amplifica-
tion for the signals. The 487.5- and 975-cycle oscillators are
located here. The unit also serves as a junction point for
conductors that have no connection to the amplifier circuits.

Ques. 7.173. Why is the sensitive compass element in the
Flux Gate system usually located in a remote spot such as
the aircraft wing tip?

Ans. The Flux Gate compass unit must be as far as possi-
ble from other wiring, ferrous metal, or anything capable of
causing a magnetic disturbance, in order to avoid false direc-
tion indications.

Ques. 7.174. In what portion of the Flux Gate compass
system is a low-inertia motor used?

Ans. A low-inertia induction motor is used to translate
the signal (resulting from a change in heading) into a mechani-
cal rotation that moves the indicator dial to show the new
heading. At the same time, it resets the rotor of the Autosyn
that has detected the signal resulting from the change in
orientation of the Flux Gate element.
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Ques. 7.176. In the Flux Gate compass system, the gyro is
a self-erecting vertical gyro. Explain the function of the gyro.

Ans.  The gyro supports the coils of the Flux Gate element
so that they remain essentially horizontal at all times that the
compass system is in use. Since the orientation of the ele-
ment determines the indicated position of the plane with
respect to the earth’s lines of magnetic force, its indications
would be wholly meaningless if it were not held horizontal at
all times, despite the altitude of the aircraft.

Ques. 7.176. What is meant by ‘“caged” and ‘“‘uncaged”
in a Flux Gate compass?

Ans.  The vertical gyro in the Flux Gate unit is said to be
caged when two pairs of roller arms are in such position that
the gyro cannot be tilted in any direction. It is uncaged
when these arms are withdrawn and the gyro is free to tilt.
There is a visual signal to show the pilot that the gyro is
either caged or uncaged.

Ques. 7.177. In Loran terminology, what would be indi-
cated by the legend 1L3-2120?

Ans. In the legend, the figure 1 indicates that the radio
frequency of the transmitter is 1,950 kilocycles; L shows that
the basic pulse recurrence rate is 25 pps; the figure 3 denotes a
station recurrence rate of 3 (for which the pulse recurrence rate
is actually about 23317 pps). The remaining figures 2,120 are
the T or reading for a particular line and denotes the time
delay in microseconds between the arrival of the pulses from
the master and the slave stations (sce also Ques. 6.273 and
6.277).

Ques. 7.178. How is a Loran fix indicated on a Loran

navigation chart?

Ans. A fix is indicated by the intersection of two or more
Loran lines of position plotted on a Loran chart. Care should
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be taken to use Loran stations generating lines of positior
that cross as nearly at right angles as possible. When cross.
ing angles are small and no third line of position is available,
several readings and times should be averaged for better
accuracy.

Ques. 7.179. Does Precipitation static affect operation of
the Loran receiver-indicator?

Ans.  Loran reception, like that of all airborne radio Sys-
tems, is seriously affected by precipitation static.

Ques. 7.180. What is the approximate usable over-water
range in nautical miles of the Loran system in both day and
night operation?

Ans.  During the day, Loran signals are generally usable
over water up to 700 nautical miles via ground wave but
utility is reduced to about 500 miles at night, However,
first-hop E-layer reflections from the lonosphere can be used
at night for distances up to about 1,400 nautical miles (see
also Ques. 6.274).

Ques. 7.181. To what reading, or indication, is sky-wave
correction applied in Loran navigation?

Ans. At great distances from Loran transmitters, particu-
larly at night, and occasionally during the day, the first-hop

-layer reflections are used, rather than the ground wave.
The T, (sky-wave reading in microseconds) must be corrected
to remove the error caused by the longer travel to and from
the ionosphere. The appropriate sky-wave correction and its
algebraic sign are indicated on Loran charts and in tables.

Ques. 7.182. What frequency channels are used in the
present Loran system?

Ans.  Channel frequencies of 1,850 and 1,950 kilocycles
are used.
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Ques. 7.183. What type of power supply is used with the
Loran receiver aboard aircraft?

Ans.  Airborne Loran receiver-indicators are designed for
operation at 117 volts, 400 to 2,400 cycles. Primary power
from storage batteries is used to operate inverters that change
28-volt d-c to 117 volt 400 to 2,400 eycle power.

Ques. 7.184. Consol is a long-range radio aid to naviga-
tion undergoing considerable practical use in certain sec-
tions of the world. Explain briefly the principle of operation
of the Consol system.

Ans. The Consol station comprises a directional antenna
system and a transmitter operating in the region between
263 and 319 kilocycles. Three antennas in line are spaced
at about three wavelengths at the
operating frequency (see Fig. 7-5).

There are two coverage areas of
useful signals, one on each side of
the antenna array. The radiation
pattern consists of sectors 15
degrees wide. Sectors in which
dots are heard alternate with those USEFUL SIGNALS
in which the signal is broken into :;Ic(;iitz-'& Principle of Consol
dashes. Anequisignal region exists '
between these sectors. The pattern is caused to rotate
through one sector during a 60-second period (tests are
being made using a 40-second period). The observer lis-
tening on a communications receiver will hear a series of
dots (or dashes) followed by an equisignal and then a
series of dashes (or dots). The equisignal indicates the
observer’s bearing from the station, which he can interpret
by means of his stop watch, and the number of dots and/or
dashes he has counted, using a Consol table or map. After
the above sequence, a steady note and the station call letters
are transmitted for regular direction-finding procedures.
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These are necessary in order to establish which one of the
equisignals has been observed, in the event that the navi-
gator has no idea of his position.

Ques. 7.185. What aircraft radio equipment is necessary
to make use of Racon beacons?

Ans. RAdar beaCONS (RACOXS) are electronic beacons
that give indications of both range and azimuth, as well as a
coded identification signal. They must be triggered by radar
signals on the proper frequency from the aircraft.

Operating Procedures

Ques. 7.186. In air traffic control procedures, what is
meant by a service known as ‘“approach control”? How
are communications handled between aircraft and approach
control?

Ans.  Approach control is a service whereby the Civil
Aeronautics Administration airport traffic control towers issue
control directions in instrument weather conditions, by com-
municating directly with pilots over the voice feature of a
radio range, or over a very high frequency channel of the
control tower,

Communications between aircraft and approach control is
made by the pilot to Approach Control giving all particulars
as to time and altitude, change of flight level, and so on.

Ques. 7.187. A Constellation aircraft of Midway Airways,
Trip 14, with radio call KHCBX, licensed as NC 18947, is
entering the traffic pattern at a particular airport. What is
the correct procedure to be followed by the air traffic control
tower in establishing radiotelephone communication with this
aircraft?

Ans. When an aireraft enters a traffic pattern at a par-
ticular airport the pilot transmits a message to the control
tower including the following information: (a) Geographical
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position; (b) Time (optional), (¢) Flight altitude of the air-
craft, (d) Request for information or clearance—if pertinent.

The air traffic control (ATC) tower will acknowledge as
follows:

Tower: “Constellation 18947 Time Height Location.
Cleared to enter Traffic Pattern
Runway number. Wind. Over.”

Aireraft: ‘“‘Constellation 18947. Roger.”

Ques. 7.188. Certain U.S. Coast Guard radio beacons
have undergone modifications to permit satisfactory use with
aircraft ADF (aircraft direction finders). Describe.

Ans. The U.S. Coast Guard Beacon station at Montauk
Point, N.Y., for example, has been modified to continuous
carrier transmission of the radio beacon system throughout
24 hours of the day.

The beacon transmits a continuous code Signal (e e =)
with operating intervals of 60 seconds “On”" and 120 seconds
“Silent” during 24 hours of the day. Three beacons are
utilized in this modification, each operating in proper sequence
to provide continuous transmission of the signals.

Ques. 7.189. What aircraft radio equipment is needed to
carry out a GCA (Ground Controlled Approach) problem?

Ans.  Ground Controlled Approach is a system using radar
technics at a specially designed ground station for providing
information by which aireraft approaches may be directed via
radio communications.

The standard aircraft receiver and headphones are the only
requirements on board an aireraft for obtaining a GCA
approach. The observers on the ground give the pilot his
exact location by radiotelephone. At regular intervals, the
observers tell the pilot what corrections must be made in the
flight progress to stay on the proper glide path or course. In
effect, the pilot is ‘“talked-down” by radio phone.
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Ques. 7.190. Define the following terms as used in air
traffic control procedures: approach clearance, approach
sequence, approach time, control area, control zone, control
altitude, essential traffic, traffic pattern, IFR, VFR, down-
wind leg, base leg, and final approach.

Ans.  Approach clearance: The clearance, issued to the
pilot of an aircraft making a fligsht subject to instrument
flight rules (IFR), authorizing an approach for landing by
such aircraft.

Approach sequence: Two or more aircraft, vertically sepa-
rated at the same holding point, awaiting an approach
clearance.

Approach time: The time at which an aircraft is expected
to commence its approach procedure preparatory to landing.

Control area: An air space of defined dimensions, designated
by the Administrator, extending upwards from an altitude of
700 feet above the surface, within which air traffic control is
exercised.

Control zone: An air space of defined dimensions, designated
by the Administrator, extending upwards from the surface, to
include one or more airports, and within which rules additional
to those governing flights in control areas apply for the pro-
tection of air traffic.

Cruising altitude: A constant altimeter indication, in rela-
tion to sea level, maintained during a flight or portion thereof.

Essential traffic: Information on aireraft which are expected
to be overtaken, passed, or approached within a distance of
less than 10 minutes when such aircraft are within a level of
1000 feet, or less vertically, above or below the aircraft being
cleared.

Local traffic: Aircraft operating in the traffic pattern of a
specific landing area concerned.

Traffic pattern: The flow of aireraft operating in the vicinity
of an airport during specified wind conditions as established by
the appropriate authority.
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IFR: This symbol is used to designate Instrument Flight
Rules.

VFR: This symbol is used to designate Visual Flight Rules.

Downward leg: This term refers to that portion of the
approach parallel to, but in the opposite direction to, the
landing.

Base leg: Refers to that portion of the approach at a right
angle to the landing direction on the downward side of the
airport.

Final approach: Refers to that portion of the approach from
the last turn into the landing direction until contact is made
with the airport.

Ques. 7.191. Is it possible for an aircraft to contact U.S.
radio range stations by using A-2 emission?

Ans. Contact with a radio range station is made only
by type A-3 amplitude-modulated. telephone (voice) trans-
missions. If a plane were to transmit telegraphic signals of
inquiry to the radio range station, and the receiver of the
latter is adjusted for continuous wave reception at the proper
listening frequency, communications could be established in
an emergency. Although the CAA operators are qualified to
handle the Morse code, they would acknowledge by radio-
telephone on the listening frequency.

Ques. 7.192. What is the “attention” signal used on U.S.
radio range station transmissions?

Ans. United States radio range transmissions are com-
posed of a series of dots and dashes comprising the letters
A and N in Morse code. (.o mmms )

These are known as course signals and are broadcast for a
period of 30 seconds. At the present time there are 12 ““A’s”
and 12 “.N’s” transmitted between station identification sig-
nals from radio range transmitting stations.
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Ques. 7.193. Explain how marker beacons identify the
legs of a four-course radio range station. If the legs of a
radio range station are spaced at 040, 140, 230, and 320,
respectively, what range leg would an approaching aircraft
be on if a marker beacon identification of two dashes (e mm,
were intercepted?

Ans. Fan markers are located at strategic points along the
legs of the range beam to indicate the position of the aircraft.
Their radiation is cither a conical signal similar to that of the
Z marker or a newer type of pattern that is bone-shaped in
cross section.  The 3,000-cycles-per-second modulation of the
75-megacycle fan marker is keyed in dashes to indicate the
range course as shown in Iig. 7-2. The courses are num-
bered clockwise beginning with true north. When more than
one marker is provided on a given leg, the outer employs the
same dash signal as the inner marker but the dash signal is
preceded by two dots (as indicated for the 320-degree course
leg). For the example given the aircraft would be on the
140-degree leg.

Ques. 7.194. Explain the method of determining “over-
head” on a radio beacon using the aircraft manual D /F loop.

Ans. “Overhead” or “cone of silence” is that area directly
above the beacon pattern where no signal will be heard. For
example, when a pilot is entering a given beacon pattern his
signals will continue to increase until he passes dircetly over
the transmitter. At this point the signal will fall off rapidly
to a minimum or zero response.  However, as the plane passes
out of the cone of silence the signals will again reappear very
strongly and then gradually diminish as the plane moves out
of the beacon range.

The manual adjustment of the direction finder loop is
rotated for a maximum signal as the plane approaches the
pattern. '
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Ques. 7.195. What United States Government document
gives the location, frequency identifier, and hours of opera-
tion of all marine radio beacon stations?

Ans. This information is contained in the United States
Government publication Radio Navigational Aids, HO
(Hydrographie Office) No. 205, United States Navy Depart-
ment.

Ques. 7.196. What agency of the United States Govern-
ment may be called upon to render emergency direction find-
ing aid to aircraft? How is this agency contacted?

Ans. The FCC maintains an emergency D/F network to
aid aireraft in distress. FCC is contacted through the regular
air/ground station or control tower. At least 15 to 20
minutes advance notice is required before FC'(' personnel can
offer aid.

Ques. 7.197. A control station operator desires to deter-
mine whether or not an aircraft is flying in accordance with
visual flight rules (VFR). What is the appropriate signal
to use?

Ans. The signal QDT is used. This signal carries the
following meaning:

“Are you flying in accordance with VFR?”

Ques. 7.198. An aircraft is approaching its point-of-no-
return and desires amendments to the flight forecast. What
is the correct signal?

Ans. The signal QMZ is transmitted. See Ques. 7.206.

Ques. 7.199. An aircraft is preparing to make a QDM
approach at a foreign terminal. What signals are used to
request a series of QDM’s from a ground direction finding
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station? [QDM is: “What is the magnetic course to steer
with zero wind to reach you (or, place)?]

Ans.  The signals QUV or QUX are used (see Ques. 7.206).

Ques. 7.200. An over-ocean aircraft desires to check its
distances out from an ocean station vessel (QSV) by using the
vessel’'s radar equipment. What signals are used to obtain
this information?

Ans. QGE NLM QTE IMI. “What is my distance tc
vour station in nautical miles?”” ‘“What is my true bearing
from you?” (QGE must be used in connection with QTL
or some similar bearing-indication “Q” signal.) It means:
“What is my distance to your station?”

Ques. 7.201. A flight operator copies the following signals
from the control station: QAK QAH 8500 feet IMT. The
pilot should be advised immediately. Why?

Ans. The signal QAK indicates there is a risk of collision
at the altitude indicated. QAL is a request for altitude.

Ques. 7.202. What signal would the flight operator trans-
mit to request the surface wind at a particular airport?

Ans. The signal QAN (“What is the surface wind at
?") would be transmitted.

Ques. 7.203. An aircraft is estimated to be within D /F
range of a certain radio beacon, but the signals cannot be
heard on the aircraft. To request information as to whether
or not the radio beacon is in operation, the “Q signal
should be transmitted.

Ans.  The signal QFS should be transmitted. This signal
queries, ‘“‘Is the beacon radio facility at (place) in
operation?”’

Ques. 7.204. An aircraft cleared to cruise at 12,000 feet is
climbing on course under IFR conditions. OATC, through
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" the control station, requests the aircraft to report immediately
upon reaching cruising altitude. What are the correct “Q"
signals?

Ans. The correct signal to use is QBV [“Have you reached
the altitude of (Height)?”']. The operator on the air-
craft acknowledges by transmitting the signal QBV [“I have
reached the altitude of (height).”’]

Ques. 7.205. What is meant by the terms POMAR,
METAR, UCO, PP, NAREPS, RAWIN, PIBALS, PIREPS?

Ans. POMAR refers to observations of position and
weather on reports from international overseas flights;
METAR is the hourly weather broadcast made on c-w
(this service was formerly known as UCO PP); NAREPS
are Navy aerological reports. A RAWIN report concerns
winds-aloft data obtained from radar-tracked balloons carry-
ing reflectors; PIBALS are pilot balloon observations of winds
aloft obtained from theodolite observations. PIREPS are
weather reports from private pilots.

Ques. 7.206. What is the meaning of the following signals?

QAA through QAZ

QBC (used with QMI, QFT, QBJ, QMZ and QTH)
QBF, QBG, QBII, QBI, QBS, QBX, QUB. QCE, QDR,
QDX, QFE, QFG, QFII, QFM, QGJ, QGZ, QHH, QJD,
QLH, QMH, QNI, QNT, QUG, QUO, QUR, QUS, QUU,
QUV, QUX, QRF.

Ans. QAA No definition assigned.
QAB What is your destination?

QAF At what time were you over (place)?
QAK Is there any risk of collision?
QAL Are you going to land at (place)?

QAM What is the latest meteorological observa-
tion for (place)?
QAN What is the surface wind?

187




RADIO OPERATING QUESTIONS AND ANSWERS

QAQ
QAP
QAR
QAV
QAY
QB
QMI

QFT

QBJ

QMZ

QTH
QBF
QBG

QBH
QBI

QBS

QBX

What are the winds at (position
or zone) the following heights above
MSL ___?

Am I near a prohibited area?

May I stop listening on watch frequency
for minutes?

Are you able to home on your D/F equip-
ment?

Advise me when you are at, over, or abeam
of (place).

What are the present meteorological con-
ditions from your aireraft?

What is the vertical distribution of clouds
at (position or zone)?

Between what altitudes above MSI. (Mean
Sea Level) has ice formation been
observed?

What is the height above MSL of the top of
the clouds at (position or zone)?

[ am approaching my points-of-no-return.
Have you any amendments to the flight
forecast in respect to section of route yet
to be traversed?

What is your position in latitude or
longitude?

Are you flying in cloud?

Are you flying above cloud?

Are you flying below cloud?

Is flight under instrument flight rules com-
pulsory at (place) or from ___
to (place)?

Ascend or descend to an altitude of (height)
before encountering instrument flight
rules conditions or if visibility falls
below (distance) and advise.

Have you left the altitude of ?
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QCB You are causing delay by answering out of
turn.

QCE When may I expect approach clearance?

QDR What is my magnetic bearing from you

(or from ___)?

QDX I have accepted control (or responsibility
of) for .

QFE What is the present barometric pressure at

official airdrome level?

QFG Am I over the airdrome?

QFH May I descend below the clouds?

QFM What altitude should I maintain or What
altitude are you maintaining?

QGJ Reduce your communication to a strict
minimum; T have to communicate with
other aircraft.

QGZ Hold on direction of facility.

QHH Are you making an emergency landing?

QID Not assigned.

QLH Will you use simultaneous keying on
(frequency) and (frequency)?

QMH Shift to transmit and reccive on (fre-
quency); if communication is not estah-
lished in five minutes, revert to present
frequency.

QNI Between what altitudes above MSL has
turbulence been ohserved at (posi-
tion or zone) and with what intensity?

QNT What is the maximum gust speed of the
surface wind at (place)?

QUG Will you be forced to alight (or land)?

QUO Shall T search for (1. Aireraft, 2. Ship,
3. Survival craft) in the vicinity of
latitude longitude (or according to
any other indication)?
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QUR Have survivors (1. Received survival
equipment, 2. Been picked up by rescue
vessel, 3. Been reached by ground rescue
party)?

QUS Have you sighted survivors or wreckage?
If so in what position?

QUU Shall I home ship or aireraft to my position?

QUV What is my magnetic bearing from you
(or from )?

QUX Will you indicate the magnetic course for
me to steer towards you (or from )?

QRF Are you returning to (place)?

Ques. 7.207. What is an ocean station vessel (OSV)?

Ans.  An ocean station vessel in the maritime service is a
vessel located in strategic geographical areas to provide
weather and radio beacon information. These vessels are
normally under way in a given location and are not drifting.
The area of coverage is approximately 10 miles square.

Ques. 7.208. How are radio beacon transmissions from
ocean station vessels identified?

Ans. Radio beacon transmissions from ocean station
vessels are continuous carrier waves with the identifying
letters superimposed upon them. The signal consists of four
letters. 'The first two letters comprise the characteristic signal
of the station listed; the last two indicate its position within
the ten-mile square and are obtained from a chart arranged
in the form of a grid graph with lateral and vertical markings
to determine a given position.

Ques. 7.209. What type of radio beacon service is main-
tained by an ocean station vessel when it is off station and
proceeding on a distress mission?

Ans. No beacon service will be given under these con-
ditions unless requested for homing purposes. In this case,
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the station’s international call letters will be used as the
identifying signal.

Ques. 7.210. What type of radio beacon service is main-
tained by an ocean station vessel when it is driven off station
with position unknown?

Ans. 'The same procedure is followed as in the previous
explanation,

Ques. 7.211. How does an ocean station vessel indicate
“On Station,” “Off Station”’?

Ans.  For “On Station” (within the 10-mile square at the
center) the last two letters transmitted will be OS, the latitude
and longitude designators, respectively. If, on the other hand,
the ship is “Off Station,” but on the grid, the latitude and
longitude designators of whatever square the ship is in are
transmitted as the last two letters of the signal. The latitude
destgnation ts always given first.

Ques. 7.212. With reference to ocean station vessels,
what is meant by the grid system? Explain its operation.

Ans. The grid system is a position-indicating system which
enables a ship or plane to determine its position with reference
to an ocean station vessel on a specially designed chart. The
chart is arranged in squares or grid network in which the
outside borders are arranged in alphabetical sequence. The
center of the grid is indicated by a plus or zero with extensions
vertically and horizontally marked from 10, 20, 30 - - - 100.
In addition; a 360-degree circle to indicate degrees is located
in the exact center of the chart. The center of the grid is
the established location of the station. The grid lines are
10 nautical miles apart. The latitude designator on the chart
is represented by the letter O and is located at the left and
right center ends of the chart. The letter S, representing
longitude, is located at the top and bottom center of the chart.

The position of the ship may be determined by the grid sys-
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tem as follows: Assume that an ocean station vessel transmits
the characteristic signal, QJ (mmem . o= . —=e=—), followed
by the letters LM. (L represents the latitude locator, and M
the longitude locator.) Hence, by reference to the chart, it
would be seen that the station vessel bears 125 degrees true and
35 miles from its assigned position. In other words, the
designators reveal the grid square in which the ship is located,
bearing in mind that the latitude designator is always given
first. See also Ques. 7.195 for reference data.

Ques. 7.213. Name the frequencies used by station WWV,
NSS, and NPG for transmitting time signals?

Ans.
Station Time Stgnals Operating Frequencies
WWYV  Continuously 2.3, 5, 10, 15, 20, 25, 30, 35

(24 hr. per day)

Nss For 5 min. immedi- 122, 4,390, 9,425, 12,630,
ately preceding each 17,000 kilocycles
even hour.

NPG  0255-0300 115, 9,255, 12,540 kilocycles
0755-0800 115, 9,255, 12,540 kilocycles
1455-1500 115, 9,255, 12,540 kilocycles
1655-1700 115, 9,255, 12,540 kilocycles
19552000 115, 9,255, 12,540 kilocycles
2355-2400 115, 9,255, 12,540 kiloeycles

Ques. 7.214. List one typical DAY c-w frequency and one
NIGHT c-w frequency used in CAA Overseas Foreign Aero-
nautical Communications Station.

Ans. NIGHT operating frequencies are generally in the
range between approximately 3,000 and 6,000 kilocycles.
The DAY operating frequencies range approximately from
6,000 to 12,000 kilocycles. A typical NIGHT operating fre-
quency is 2,912 kiloceveles. A typical DAY operating fre-
quency is 6,577 kilocycles.
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Nore: The International distress frequencies for the aero-
nautical services are 500 and 8,280 kilocycles. The Atlantic
City Radio Conference has recommended the frequency of
8,364 kiloeycles to replace the present frequency. When these
regulations become effective, 8,364 kilocycles will replace 8,280.

Ques. 7.215. Which one of the following frequencies
would work satisfactorily for CW air-to-ground communi-
cation and homing with the aircraft ADF: (1) 1,638 kilo-
cycles, (2) 2,970 kilocycles, (3) 8,465 kilocycles, or (4) 11,319
kilocycles?

Ans.  The frequency of 1,638 kilocycles since this particu-
lar frequency is also well suited for homing purposes.

Ques. 7.216. Under normal conditions in a daylight flight
between two points of approximately 1,100 nautical miles
apart, what would be a good pair of CW air-to-ground fre-
quencies to select?

Ans. A frequency of either 6,577 or 11,319 depending upon
the time of the day. See Ques. 7.214 for the approximate
range of day operating frequencies in the OFAC service.

Ques. 7.217. Why do scheduled aircraft change from
DAY to NIGHT frequencies in radio communications?
Which frequency, 5,692 kilocycles or 3,162 kilocycles, is
better suited for day operation?

Ans. The use of higher radio frequencies in the daytime
is seasonally more effective than the lower frequencies because
of their better reflecting effect from the surface ionization
around the earth caused by the sun’s radiations. The higher
frequencies at night however are not as effective as the lower
since they penetrate the ionosphere and as a result do not
refleet back to carth thereby making long distance radio trans-
mission practically impossible. In effect, as ionization varies
with the activity of the sun’s radiation, the reflection of sky
waves varies, causing variations in the range of radio trans-
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mission. In this case, the frequency of 5,692 kilocycles would
be better suited for day operation.

Ques. 7.218. An over-ocean aircraft is circling at the
scene of distress where another aircraft has ditched. What
would be an appropriate frequency for the circling aircraft to
transmit homing signals on in order to permit surface vessels
and another aircraft to effect a rendezvous at the scene?

Ans.  An ideal scene of action frequency for this purpose
would be 333, 535, 757 kilocycles, a common VHF frequency,
or the telephone distress frequency of 2,182 kilocycles.

Ques. 7.219. What is meant by simplex operation in
air-to-ground communication?

Ans. Simplex operation is the term applied to the opera-
tion of a radiotelegraph system in only one direction at a
time. In aeronautics, a frequency of 121.5 megacylces hus
been assigned as a universal simplex channel for emergency
and distress communications.

Ques. 7.220. What is meant by “night effect” in reference
to aircraft direction finding? What can be done to counter-
act night effect when taking aircraft radio bearings?

Ans. Night effect, or night error, is the phenomenon of
reflection of radio waves during sunset and night periods
caused by the ionosphere, or Heaviside layer. Night effect
causes erratic behavior of radio direction finders and impairs
the general null or sharp minima tuning conditions required
in the effective use of radio direction finders. It is in reality a
change in reflection due to the shifting of the ionosphere and
a phase shift between the reflected sky waves and ground waves.

The adverse effects caused by night error may be overcome
by using low-frequency bearing signals. The low-frequency
signals are primarily ground waves and consequently do not
penctrate into the ionosphere layers to produce sky-wave
reflections.
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Another means of correcting night error is obtained by the
use of an Adcock loop antenna system. With this type of
antenna, the vertical or sky-reflected wave is canceled out
and only the horizontal ground wave will be received.

Ques. 7.221. How is wind drift compensated for when
using a radio compass for homing?

Ans.  Accurate compensation for wind drift can be accom-
plished only by making a precise comparison of the radio
compass indications with the ship’s stable magnetic compass,
or with a directional gyro.

For example, a plane leaving an airport observes that the
visual indicator shows a deviation from the direct route.
The drift angle may be quickly determined by heading the
airplane so as to center the indicator, and noting the differ-
ence in degrees from the original heading.

Ques. 7.222. Is it possible for one aircraft to use a second
aircraft as a homing facility with the presently installed ADF
equipment? Explain.

Ans.  Yes, provided the aireraft is equipped with a trans-
mitter capable of transmitting signals on the homing aircraft’s
ADF frequency.

Ques. 7.223. How is aircraft ADF equipment used to
make an instrument approach?

Ans. In the modern automatic direction finders aboard
aircraft, bearings are indicated by a pointer moving through
a 360-degree azimuth scale. The only requirements neces-
sary for the pilot to make an instrument approach with this
equipment is to adjust the ADF receiver to the frequency of
the station on which the approach is to be made. The auto-
matic control unit provides the pilot with continuous visual
bearing readings on the azimuth scale.
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Ques. 7.224. What is the minimum number of ground
stations required to provide an instantaneous radio fix with
the aircraft D/F?

Ans. Two ground stations are required to obtain an
instantaneous radio position fix.

Ques. 7.2256. In aircraft radio direction finding, what is an
instantaneous fix? A running fix?

Ans.  An instantaneous fix is represented by the inter-
section of two lines of geographical bearing from two separate
radio stations.

A running fix is a bearing obtained from two stations at two
different time intervals in flight, or two bearings taken on two
stations at short time intervals during the flight.

Ques. 7.226. Discuss briefly the D/F procedure known as
“boxing.”

Ans. The practice of rapid familiarization of the 360-degree
system so that a pilot may visualize instantly the direction
corresponding to any given number of degrees.

Ques. 7.227. Radio bearing errors due to terrain effect
decrease as the altitude of the aircraft decreases. TRUE or
FALSE?

Ans. The statement is false. Bearings taken over terrain
at low altitude arc erratic due to the bending or refraction of
the radio waves.

Ques. 7.228. Will flying in or near the vicinity of a severe
electric storm cause erratic functioning of an aircraft ADF
unit?

Ans. Yes. Electric or magnetic storms may cause erratic
funectioning due to the fact that the ADF will be influenced
by the storm’s magnetic field and will tend to point or follow
the direction of the storm area.
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Ques. 7.229. Does the aircraft’s heading affect the error
in radio bearings caused by coast line refraction?

Ans. No. The heading of the airplane does not influence
the error in radio bearings caused by coast line refraction.

Ques. 7.230. An aircraft is flying parallel to a coast line
and observes a relative bearing of 10 degrees on a radio
beacon located ahead of the aircraft’s position. Will the
correct relative bearing be greater or less than the observed
10 degrees relative? Explain.

Ans.  The correct relative bearing will be greater. Due to
coastal effects, the errors are greater when the bearings are
taken within approximately 30 degrees of a line parallel to the
coast (see Ques. 7.73).

Ques. 7.231. Explain fully the procedure in obtaining a
radio fix on two stations using the aircraft D/F loop.

Ans. A fix from two transmitting stations may be obtained
only on the basis that the airplane direction of movement, or
“heading,” is known. Otherwise, a fix can be obtained only
by procuring three relative bearings from three different radio
stations.

On the assumption that the airplane’s magnetic compass is
in operation, a fix may be established by adhering to the
following procedure:

Adjust the D/F loop for a maximum response from station
A and then rotate for minimum response and sharp null point.
This establishes one line of direction in relation to the mag-
netic heading. Proceed immediately to obtain a line of direc-
tion from station B. We have now completed two relative
bearings. Combining these with the airplane’s heading, we
obtain two geographical bearings. The geographical positions
are then located on a chart in proper position. The two lines
intersecting as a result of this plotting will establish the fix.
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For accurate results, the relative bearings indicated on the
azimuth scale in comparison with the magnetic compass facili-
tate rapid conversion into geographical bearings. The time
clapsed between the reading of the two directional bearings
must also be included in the calculations.

Ques. 7.232. What angular separation of transmitting sta-
tions will give best results when taking radio bearings to get a
three-station fix?

Ans. The angular separation should be at least 10 degrees
in order for each pair of stations to obtain proper accuracy.

Ques. 7.233. Explain the “46-90"-degree distance-off pro-
cedure of determining distance from an aircraft to a radio
beacon station.

Ans. The 45- or 90-degree problem is a simplified means
of determining a fix of an airplane in flight relative to a given
beacon station. It is an effective method for obtaining a
running fix from one station.

The procedure followed with this method is simply one in
which the radio compass loop is adjusted to a null response
position at a relative bearing that provides a 45-degree angle
to the airplane’s course. The exact time is then noted and
another adjustment is made when the plane reaches a 90-degree
angle to the airplane’s course. The time differential between
the 45 and 90-degree null settings, together with the speed of
travel, will determine the exact distance and time at the
instant the plane passes the station. For example, if the
plane is traveling at 360 miles per hour, and the time differ-
ence is assumed to be 5 minutes between the two bearmgs, the
airplane is 30 miles from the beacon station.

The 90-degree method is similar to the previous problem
but has an advantage in that it enables the pilot to calculate
the distance from the beacon station before he passes it.
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Ques. 7.234. On which side of an aircraft is a radio beacon
located if the relative bearings taken aboard the aircraft are
progressively increasing?

Ans.  An increase of the relative bearing readings during
flight indicates that the beacon station is located on the star-
hoard side of the plane.

Ques. 7.235. Describe the procedure for determining sense
(orientation) using an aircraft manual D/F loop and an
aerophare.

Ans.  The characteristics of a loop antenna provide a defi-
nite line of direction—north or south, east or west—but it
does not indicate a definite direction. However, if the loop is
used in conjunction with a vertical, or sense, antenna the
actual direction of the oncoming wave may be determined.
The vertical antenna produces an equidirectional pattern, or
circle, and can receive signals equally well from all directions.
Hence, if the loop antenna is combined with a vertical antenna,
it will be noted that a signal will be received from only one
direction when the radio compass loop is oriented.

The pilot is merely required to set his receiver adjustment
for “sense’” antenna, tuning to the required aerophare (beacon)
transmitter. The next step is the adjustment of the loop
tuning and orientation for maximum loop signal. When a
maximum signal is heard with both loop and sense antenna
connected, the arrow on the azimuth scale will indicate the
approximate bearing of the station.

Ques. 7.236. Upon what factors does the usable range of
an aircraft D/F loop depend?

Ans. The usable range of an aircraft direction finder loop
is dependent upon such factors as height of plane above
terrain, distance from the transmitter, sensitivity of the
receiver, loop dimensions, frequency, and the time of the
day or night the equipment is used.
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Ques. 7.237. With reference to loop orientation, what is
meant by the “pointer-progression” method?

Ans.  The pointer-progression system requires that the loop
be set in a range position 90 degrees to null point position.

The pilot observes the direction of the pointer during flight
for cach adjustment to the null point signal. The direction
of the loop rotation is carefully noted to determine the direc-
tion of the homing station. For example, if the rotation of
the loop is in a counterclockwise direction, the homing station
is located off the left wing of the airplane.

Ques. 7.238. An aircraft is establishing a fix with radio
bearings on two stations. One station is dead ahead, the
second station approximately abeam to the right. Which
bearing is it advisable to secure first, the speed line or the
course line?

Ans. It is advisable to secure the course line first since
the distance a line (plotting) is moved during flight is always
measured along the course.

Ques. 7.239. Explain the method of determining the air-
craft’s position by ‘‘doubling the angle.”

Ans. This method is similar to the 45-degree problem
previously discussed with the exception that the bearing is
taken when the plane is ahead of the station from which the
bearing is to be taken.

For example, an initial bearing is taken and the time noted.
A second bearing is then taken with the loop adjusted to null
position at a relative bearing on the azimuth scale which will
be precisely double the first angle off the course. The time
differentials between the two null points are then noted and
the distance covered is calculated. Hence, with a given speed
and time, the distance is readily calculated by trigonometric
functions employing an isoceles triangle.
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Ques. 7.240. Why is it necessary to maintain constant
heading and level flight when taking radio bearings with the
aircraft D/F?

Ans. A constant heading must be maintained to ensure an
accurate relationship between the magnetic compass, or gyro,
and the relative bearing.

Ques. 7.241. To increase the relative bearing on an air-
craft D/F loop, should the aircraft be turned RIGHT or LEFT?

Ans. The aircraft should be turned towards the left to
increase the relative bearing. For example, assume an air-
plane heading and bearing line to give a 30-degree relative
bearing indication. Thus, if the plane is turned to the left,
the angle between the bearing line and the airplane heading
will be incereased.

Ques. 7.242. Describe briefly the operational procedure
for calibrating an ADF installation in flight.

Ans. The calibration of an automatic direction finder is
generally made by the adjustment of a corrector cam during
initial installation to compensate for deviations due to physi-
cal location and mounting. During flight, the calibration of
the direction finder is primarily a matter of adjusting the
radio loop to a given “On Station’ signal so that the pointer
indicator remains centered. On the automatic type of direc-
tion finder, adjustments must be made to permit true bearing
readings on the instrument. A deviation correction adjust-
ment is provided in all modern ADF’s so that bearings may
be used directly as read. This adjustment may be varied
during flight to permit accurate calibration of the unit.

Ques. 7.243. Define the following: relative bearing, mag-
netic bearing, true bearing, Mercator bearing, true course,
track, magnetic heading, compass heading, true heading,
compass error, advanced bearing, retarded bearing, and radio
line of position.
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Ans. Relative bearing: The number of degrees between
the bearing line (transmitting station and plane) and the air-
plane heading line (direction in which the plane is flying or
heading).

Magnetic bearing: The number of degrees between the
magnetic north line and the heading line, plus the relative
bearing angle.

For example, if the magnetic north is a variation of
15 degrees west of true north and the plane heading is
55 degrees with respect to true north, and the relative bear-
ing is 35 degrees, the magnetic bearing is 70 degrees plus
35 degrees, or 105 degrees.

True bearing: The number of degrees between the true
heading and the relative bearing, or as in the preceding
example, 55 4 35 degrees, or 90 degrees.

Mercator bearing: A method of obtaining a bearing for long
distance air navigation by the use of a Mereator projection
chart. This method employs a straight line between two
points (rhumb line) for determining a given bearing (see
Ques. 7.244 for details).

True course: The indication of the directional gyro, or
compass, as to the magnetic course to a station at any par-
ticular instant during flight. It does not refer to the head-
ing direction of the plane.

Track: This term refers to the straight line between two
points as employed in the plotting of all acronautical charts.
The two common terms used in connection with these charts
is the rhumb-line track and the great-circle track.

Magnetic heading: This term applies to the direction toward
which the airplane is heading as compared with the compass
indication. It is the number of degrees between the airplane
heading and the magnetic north.

Compass heading: The number of degrees between the air-
plane heading and the compass north. For example, if the
airplane heading and true north represent 55 degrees, and
15 degrees variation exists between true north and magnetic
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north, and 5 degrees deviation exists between magnetic north
and compass north, then the total, or 75 degrees, is the com-
pass heading,.

True heading: The number of degrees between the airplane
heading and true north.

Compass error: The degree of fixed error, or deviation,
introduced into a magnetic compass by the local magnetic
fields set up on the airplane.

Advanced bearing: This refers to the situation in which a
pilot desires to plot a running fix on two or more stations.
This practice is preferred over an instantaneous fix whenever
the running time of the airplane is considerably longer than
two minutes, or the ground distance covered is in excess of
five miles. Two bearings are plotted at approximate intervals
of ten minutes, one bearing from station .4, at say 0800, and
another bearing at 0810 from station B. The resultant plot-
ting computations of these two running fixes will then reveal
the airplane’s movement between the two time periods or,
in this case, an advanced fix is obtained at time 0810.

The fix can be established by either advancing or retarding
the bearing to the upper or lower time period, as desired.

Retarded bearing: This term refers to the condition in
which a pilot plots a running fix between two stations as in
the previous explanation with the exception that the second
bearing taken is moved back along the course instead of in
advanece of the first bearing.

Both advanced and retarded bearing indications obtained
by a running fix serve as a means for determining an air-
plane’s geographic position at a certain time by two or more
bearings taken at different time intervals.

Ques. 7.244. Explain why Mercator charts are used in
long range air navigation? What is a thumb line? What is
a great circle?

Ans.  Mereator charts are used in long range air naviga-
tion because they utilize the projection method of charting
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large oceanic areas. The projection method makes use of a
straight line between two points rather than the arc of a great
circle. 'This straight line is referred to in air navigation as a
rhumb line and is one that crosses all meridians throughout its
length at the same angle. A great circle is defined as the line
of intersection obtained on the surface of the earth by any
plane through the center of the earth.

Ques. 7.2456. Give the rules for applying Mercator cor-
rection to a radio bearing taken by the aircraft; by the ground
direction finder station.

Ans. If the bearings are taken by an aircraft, the sign of
correction on the Mercator chart to convert a radio bearing
to Mercator bearing is accomplished as follows:

The correction is —299ive_ if the airplane is in south latitude
subtractive

eastward of the ground direction finder station.
westward

If, on the other hand, the airplane is in a north latitude area

but of the same ;::;::g relationship to the ground station, the

. x subtractive
correction will be —

The same procedure is followed for ground stations with the
exception that the sign of correction is reversed.

and is flying

Ques. 7.246. On a Mercator chart, are the thumb line
and great circle tracks always represented by a straight line?

Ans. No. Any arc on the great circle is indicated on the
Mercator chart as a curved line connecting the two points of
the rhumb line. However, when the chart is used to deter-
mine a bearing, the curved line is not used and the bearing is
plotted as a straight line by calculating the difference between
the rhumb line and great circle tracks. This correction is
then applied to the bearing and drawn on the chart as a
rhumb line.

Ques. 7.247. Explain why it is necessary to apply Mercator
correction to radio bearings?
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Ans. Radio waves in the frequeney spectrum of aireraft
direction finders follow the great cirele track and therefore do
not represent the true line between two points on the Mercator
chart. Ilence, the angular direction of the radio wave and its
relation to the rhumb line must be considered to obtain the
proper correction factor.

Ques. 7.248. Under what conditions is it unnecessary to
apply Mercator correction to an observed true bearing?

Ans.  Mereator corrections are not required if true bear-
ings are taken over small distances.

Ques. 7.249. What is meant by compass deviation? Mag-
netic variation?

Ans.  The term compass deviation refers to the difference in
degrees between the magnetic north and the compass north.
Magnetic variation refers to the number of degrees variation
between magnetic north and true north.

Radio Navigation of Aircraft

Ques. 7.250. What is the relative bearing of an aircraft if
the true bearing from a radio station to the aircraft is 060
degrees and the aircraft has a compass heading of 020 degrees
with a compass error of 2 degrees west
and a variation of 10 degrees west? P

Ans. 232 degrees. Fig. 7-6 illus- 480
trates the vector solution of the &

problem. Fia. 7-6.  Veetor solu-
tion of a relative bear-
Solution: ing problem.

True heading (TII) = compass heading (CI1) —
compuass error (west) — variation (west)
True heading = 20 — 2 — 10 = 8 degrees.
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G0 degrees + 180 degrecs = 240 degrees
240 degrees T to the station from the aireraft.
GO degrees = true bearing of aircraft from station
240 degrees = T'B
8 degrees = T'H
232 degrees = relative bearing

Ques. 7.261. An aircraft is flying from station A to station
B using the dual ADF with the RED pointer on station A and
the GREEN pointer on station B. What ADF readings would
indicate that the aircraft is on course with a 15-degree drift
angle?

Ans.

Right semicircle of dial = GREEN = 15 and 195 degrees

Left semicirele of dial = RIS = 340 and 165 degrees

Ques. 7.252. An aircraft is on a true heading of 225
degrees. Variation is 2 degrees west and deviation is 3

degrees east. What relative bearings would be necessary
to obtain true bearings of 275 and 456 degrees?

Ans. 51 and 181 degrees.
Solution:
CH=TH+V -D=225+4+2—-3 = 224 degrees
RB = TB — CIHl + 360 degrees
(1) RB = 275 — 224 = 51 degrees
(2) RB = 45 — 221 4 360 = 181 degrees
Ques. 7.263. An aircraft is on a magnetic heading of
50 degrees and relative bearings are being taken on a station
off to the RIGHT. If it is desired to turn directly toward the

station when a QDM of 90 degrees is reached, what relative
bearing will give the desired QDM?

Ans. 40 degrees.

Solution:
CH 4+ RB = QDM
RB = QDM — CH = 90 — 50
= 40 degrees
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Ques. 7.264. An aircraft is on a true bearing of 100 degrees
from a radio beacon. What is the relative bearing if the mag-
netic heading is 016 degrees and the variation is 10 degrees
west?

Ans. 95 degrees. (Reciprocal = 275 degrees.)

Solution:
TH = CH — V (west) = 15 — 10 = 005 degrees
TH + RB=T1TB

RB =TB — TH = 100 — 5 = 95 degrees

Ques. 7.265. An aircraft observes a relative bearing of
254 degrees on an aerophare. If the compass heading is
41 degrees, deviation 2 degrees east, variation 8 degrees
west, what is the true bearing of the aerophare?

Ans. 289 degrees.
Solution:

TH =CH + D — V =41 + 2 — 8 = 35 degrees
TB = TH 4+ RB = 35 + 254 = 289 degrees

Ques. 7.266. What is the true bearing of an aerophare
with respect to an aircraft flying a magnetic heading of
127 degrees if the loop reading is 10 degrees left, deviation
3 degrees west, variation 4 degrees east, and the quadrantal
error is +2 degrees?

Ans. 116 degrees (calculated). Actual TB of aerophare =
123 degrees.
Solution:

TH =CH + D+ 17 =127 + 3 + 4 = 128 degrees
RB = — (loop reading + error) = — (10 + 2) = —12 degrees
TB = TH + RB = 128 — 12 = 116 degrees

Ques. 7.257. An aircraft is flying on a CH of 068 degrees,
in position 45 degrees 30 minutes north and 14 degrees
10 minutes west. A relative bearing of 260 degrees is taken
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on a radio station located at 47 degrees 3b minutes north
and 16 degrees 00 minutes west. Compass deviation is
3 degrees east and magnetic variation is 10 degrees west.
What bearing should be plotted on a Mercator chart?

Ans. 300 degrees, 30 minutes: (see Iig. 7-7).

47° 35'N
16° 00" W

14°10'wW

250° /’[45' 30'N ]

Fi1a. 7-7. Vector bearing solution.
Solution:

TH =CH+ D — V =58 +3 — 10 = 51 degrees
TB = TH + RB = 51 + 250 = 301 degrees
Correction on Mercator (table) = —0.5 degrees
Plotted bearing = 301 — 0.5 = 300 degrees 30 minutes

Norte: This question does not state specifically which bear-
ing should be plotted.

Ques. 7.258. An aircraft is tracking 316 degrees at a
ground speed of 240 miles per hour. At 1800 GMT a radio
station bears 315 degrees relative, and at 1806 GMT the
same station bears 270 degrees relative. What is the dis-
tance from the aircraft to the ground station at 1806 GMT?

Ans. 20 miles.

Solution:

Speed = 240 miles per hour = 4 miles per minute
Distance from 1800 GMT to 1805 GMT = 20 miles
Bearings covered are —45 degrees and —90 degrees.
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Solving by an isosceles triangle:
Distance traveled = distance to ground station = 20 miles

Ques. 7.259. An observed relative bearing is 75 degrees.
Which direction and how many degrees must the aircraft be
turned to move the relative bearing to 126 degrees?

Ans. By simple vector representation, it will be evident
that the plane must turn 50 degrees to the left.

Ques. 7.260. An aircraft is flying in extreme turbulence.
The first relative bearing is 90 degrees and the second rela-
tive bearing is 956 degrees. Is it safe to assume that the
station is on the RIGHT?

Ans. No. It is not safe to assume the station is on the
RIGHT because in rough air, a 5-degree change in relative
bearing is not sufficient to definitely indicate that the station
is on the RIGHT.

Ques. 7.261. An aircraft is homing on a radio station.
The correct relative bearing is zero. If the null moves
slowly from 0 to 355, 350, 345, and the compass heading
remains constant, is the drift RIGHT or LEFT?

Ans.  The drift is towards the right.
Solution:
Drift = TI — Track = 360 degrees — 355 = 45 degrees, ete.

Ques. 7.262. The compass heading is 126 degrees. The
aircraft is south of the radio beacon and both deviation and
variation are 0 degrees. What relative bearing will be indi-
cated when the aircraft intercepts the 175-degree azimuth
from the station?

Ans. 230 degrees,

Solution:

TB 180 4+ 175 = 355 degrees

TH = 125 degrees

B = 355 — 125 = 230 degrees (relative bearing when on
175-degree azimuth).
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Ques. 7.263. Given: Compass heading: —195 degrees
Deviation: 9 degrees west
Variation: 6 degrees east
Find: True heading

Ans. 192 degrees.
Solution:
TH =CH — D+ V =195 — 9 4+ 6 = 192 degrees

Ques. 7.264. If the compass heading is 289 degrees,
deviation 6 degrees west, variation 7 degrees east, and the
relative bearing on the station 172 degrees, what is the true
bearing?

Ans. 103 degrees.
Solution:

TH =CH — D+ V =280 — 5+ 7 = 291 degrees
TB = TH 4+ RB = 291 degrees + 172 degrees = 463 degrees
= 463 — 360 = 103 degrees

Ques. 7.2656. An aircraft is on a compass heading of
236 degrees. The relative bearing on a radio station is
326 degrees. Variation is 23 degrees east, deviation 2 degrees
west, and the loop correction is —4 degrees. What is the
true bearing?

Ans. 219 degrees.

Solution:
TH =CH+V — D =236+ 23 — 2 — 4 = 253 degrees
TB =TH + RB = 253 4+ 326 = 579 — 360 = 219 degrees

Ques. 7.266. The true bearing from a radio station to an
aircraft is 068 degrees. The aircraft is flying a compass
heading of 016 degrees, deviation 2 degrees west, variation
11 degrees west. What is the relative bearing on the air-
craft loop?
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Ans. 2145 degrees.
Solution:
CH = 16 degrees
D = 2 degrees
H = 14 degrees
V' = 11 degrees
TH 3 degrees
Reciprocal TB = 68 + 180 = 248 degrees
Relative bearing = 248 — 3 = 245 degrees.

All eandidates for the new Aireraft Radiotelegraph license examination,
effective January 3, 1950 are requested to obtain a copy of Supplement
No. 5 to “Study Guide and Reference Material for Commereial Radio
Operator Kxaminations.”

Supplement No. 5 to the Study Guide is available without cost at the
field offices of the Federal Communieations Commission and at the Com-
mission’s office at Washington 25, D.C.

The complete Study Guide for Commereial Radio Operator’s Exam-
inations is also made available by the Superintendent of Documents,
Jovernment Printing Office, Washington 25, D.C.

It is recommended that all candidates for this license review the ref-
erence material requirements listed in the Supplemental Study Guide
No. 5. Many of the references listed cover the complete detail to the
questions listed in element 7, both in theory and practice. Civil Aero-
nautics Bulletin No. 24, Radio Navigational Aids, Part 9, Rules and
Regulations Governing Aeronautical Services (FC'C), and the 1CAO
(International Civil Aviation Organization) published by the authority
of the Secretary General, Montreal, Canada, are some of the most impor-
tant requirements for detailed study purposes.

Much valuable information on Instrument Flight problems is also con-
tained in the text Radio Navigation for Pilots by Colin H. MecIntosh and
in Principles of Aeronautical Radio Engineering by R. C. Sandretto, both
of which are published by the McGraw-Hill Book Company, Inc., New
York.

The author has included extracts from information contained in the
FCC, Civil Acronautics Authority, ICAQO, and related publications as
specifically related to Rules and Regulations important to the field of
radio operating.
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Prob. 1. (a) A 440-volt, 60-cycle, three-phase alternatos
has four poles. What is the speed at which it rotates?

Solution: 1,800 r.p.m. For an alternator, speed is directly
proportional to the frequency and inversely proportional t
the pairs of poles. Since the frequency is in eycles per second
the speed in r.p.s. is determined as follows:

Speed in r.p.s. = f X-\g, = 60 X % = 30 r.p.s.,

where f = frequency in cycles per second.
N = number of poles.

Speed in r.p.m. = speed in r.p.s. X 60 = 1,800 r.p.m.

(b) What is the frequency of a 220-volt, 8-pole, three-phase
alternator, which rotates at 375 r.p.m.?

Solution: 25 cycles. Alternator frequency is directly pro-
portional to both the speed in r.p.s. and the pairs of poles.
. . speed in r.p.m. 375 .
S DS = P o

peed in r.p.s 0 50

Frequeney = speed in r.p.s. X%/: = 6.25 X g = 25 cycles
where .V = number of poles.
Prob. 2. What is the percentage slip of a 440-volt, 25-cycle
6-pole, three-phase induction motor when the rated full-load
speed is 485 r.p.m.?

Solution: 3 per cent. Speed differential between the syn-
chronous and rotor speeds of an induction motor is usually
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expressed as a percentage called the slip. The slip seldom
exceeds 3 per cent for most types of induction motors.

X[ _ 120 X 25

Synchronous speed = \ ¢
)

120 = 500 r.p.m.,

where f = frequency in cycles per second.
N = number of field poles.

100 (synchronous speed — rotor speed)
synchronous speed

100 (500 — 485)

B 500

Percentage slip

= 3 per cent.

Prob. 3. For a three-phase power-distribution system a
4,000/440-volt delta-star transformer is used, with the primary
delta connected and the secondary star connected. What is
the primary and secondary coil current?

Solution: Primary coil current = 5,02 amperes, and second-
ary coil current = 78.7 amperes.
. 3XE. X1
Primary K,, = -\/;1,—00—0—”;
7 = 1,000 X K.a _ 1,000 X 60

V3 X L = 1.732 X 4,000 = 8.7 amperes,

I. 87 _
=75 = 1732 = 502 amperes.
V3 X E. X .
S g = ———
econdary K 1000
I =]’OOOXI\’M—1’OOOXGO_-8_’ )
T V3 X E, Lid2xa4qp  ‘(Ofnmperes.
Ic = Ic _ 78.7 alnperes'

where E. = line voltage.
I. = line current.
I. = coil current.
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Prob. 4. A 2 K,. 440/110-volt, 60-cycle transformer fur-
nishes 8.12 amperes of current to an inductive load having a
power factor of 60 per cent and a resistance of 10 ohms. What
power is actually being furnished to the load, and how may the
power factor be improved?

Solution: 660 watts at a power factor of 60 per cent. The
power factor can be improved by adding a condenser of
approximately 2 microfarads in series with the load. If the
capacitive reactance of the condenser exactly equals the
inductive reactance of the load, the power factor will be unity,
or 100 per cent.

actual power
TEXIT
power factor X E X [ = 0.6 X 110 X 8.12
535.92 watts.
Power factor = cos § = 0.60
¢ = 53.1 degrees.
tan ¢ = tan 53.1 degrees = 1.3319.
N,
tan ¢ 7

X, =tan ¢ X I = 1.3319 X 10 = 13.319 ohms.

Power factor =

Actual power

For unity power factor: X, = X, = 13.319 ohms.

1 1

m = ()—28?(36 X-l331-(:) = 199 microfarads

C=

Prob. 5. For a 440-volt power supply a voltage divider is
required which will furnish 20 milliamperes at 300 volts and
40 milliamperes at 200 volts when the bleeder current is 20
milliamperes. What are the total resistance required and the
resistance of each section of the voltage divider?

Solution: Total resistance is 12,917 ohms with three sections
of 10,000, 1,667, and 1,250 ohms in that order. Let the voltage
at m = 400 volts, at n = 300 volts, at O = 200 volts, and at
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p = 0 volts. If the current I, = 20 milliamperes, I, = 40
milliamperes, and I, = 20 milliamperes, then the resistances
Runy Baoy and Rop can be determined (see Fig. 5-8).

Eomn B 100 .
B = T 1 T, ~ 002 +0.04 ¥ 002 ~ 1,250 ohms.
Ew _ 100
R.o = L FL =004 +£002 = 1,667 ohms.
_E,, 200 _
Rop = T, =003 = 10,000 ohms.

Rt = Rmn + Igma + Rop
= 1,250 + 1,667 + 10,000 = 12,917 ohms.

Prob. 6. What value of shunt resistance must be connected
across the terminals of a radio-frequency ammeter to change
its full-scale deflection-current reading from 100 milliamperes
to 1 ampere if the internal resistance of the meter is 10 ohms?

Solution: 1.11 ohms. The meter and shunt resistances are
in parallel so that the current in the circuit divides between
them. Since the current in a parallel circuit divides inversely
as the resistance of each branch, the shunt resistance can be
computed as follows:

R, _ I,
e 1,
and
R, = I X Ra 0l X 10 = 1.11 ohms,

T, T 09

where R, = shunt resistance.
R, = ammeter internal resistance.
I, = ammeter current.
I, = shunt current.

Prob. 7. If a milliammeter requires 100 milliamperes of
current for full-scale deflection and has an internal resistance
of 20 ohms, what value of multiplier resistance must be used
in series with the meter for use as a 0 to 1,000-volt voltmeter.
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Solution: 9,980 ohms. The multiplier and meter resistances
are in series, and the total resistance can be determined by
using Ohm’s law, since the multiplier and meter current are
the same. The meter resistance is then subtracted from the
total resistance in order to determine the multiplier resistance.

Ry = + = —— = 10,000 ohms,
R, =R, — R, = 10,000 — 20 = 9,980 ohms,

where 2, = multiplier resistance.
R. = meter resistance.
R, = total resistance.
I, = meter and multiplier current.
E = voltage for full-scale deflection.

Prob. 8. Whatis the internal resistance of a storage battery
if the open-circuit battery voltage is 6.3 volts and the closed-
circuit voltage is 5.7 volts for a load current of 10 amperes?

Solution: 0.06 ohms. Voltage drop in the battery is equal
to the open-circuit voltage less the closed-circuit voltage.
Battery internal resistance is determined using Ohm'’s law,
since the battery current and internal voltage drop are known.

E; =E, — E. =63 — 5.7 = 0.6 volts,

R; = E‘ = 0—(-) = 0.06 ohms,

i

where R: = battery internal resistance.
E; = voltage drop in the battery.
I = circuit current.
E, = battery open-circuit voltage.
E. = battery closed-circuit voltage.

Prob. 9. (a).For a given vacuum tube a 3-volt change in
grid voltage will cause the same amount of plate current
change as a 60-volt change in plate voltage. What is the
amplification factor of the tube?
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Solution: Amplification factor is 20.

change in plate v voltage 60

“change in grid voltage -3 20

Amplification factor M =

(b) What is the plate resxstance of a vacuum tube if a
46-volt change in plate voltage results in a 5-milliampere
change in plate current?

Solution: Plate resistance is 9,000 ochms.

e change in plate voltage 45
LHESS TERRIENED Uy, = change in plate current  0.005
= 9,000 ohms.

(¢) With a 4-volt change in grid voltage the plate current
of a vacuum tube is varied by 5 milliamperes. What is the
mutual conductance of the tube?

Solution: Mutual conductance is 1,250 micromhos.

change in plate current _ 0.005
change in grid voltage =~ 4

= (0.00125 mhos = 1,250 micromhos.

Mutual conductance =

Prob. 10. For a 50-kva, three-phase, 4,600,/230-volt, delta-
delta transformer, what is the primary current at rated kilovolt-
ampere for normal operation and for open-delta operation,
assuming one section of the transformer is inoperative?

Solution: 3.62 amperes for normal operation and 6.27
amperes for open-delta operation.
For normal operation:

VBXE X1,

1,000
_ kva X 1,000 _ 50 % 1,000
 VIXE, T1.732X4,600

1=t _ 627

V3 1.732

Primary kva =

= 6.27 amperes.

= 3.62 amperes.
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If one transformer section is inoperative and the others
are operated as an open-delta or V-connected transformer
at rated load, the primary coil current will rise to 6.27
amperes representing a 73 per cent overload.

Prob. 11. Two uncharged capacitors of 100 and 1,500
micromicrofarads, respectively, are connected in series.
What is the voltage across the 1,600-micromicrofarad capacity
when the series combination is connected across a direct-
current source of potential of 100 volts?

Solution:

— CI
E. = Ci+C,
_ 100
© 100 + 1,500

X E

X 100 = 6.25 volts.

Prob. 12. Assuming both capacitors have previously been
charged to 100 volts each and connected in series with their
polarities in opposition. What is the voltage across C, and C.
when the series bank is connected across a direct-current
potential of 200 volts?

Note: The negative terminal of C is connected to +200 and
the negative terminal of C; to —200 volts.

Solution:
E, =100 + 125 = 112.5 volts.
E. — 100 4+ 187.5 = 87.5 volts.

Proof: 112.5 + 87.5 = 200 volts.

Prob. 13. Three condensers of 0.006, 0.004, and 0.002
microfarad are connected in series across a direct-current
potential of 200 volts. (a) What is the total effective capaci-
tance of this group? (b) How much voltage is developed
across each condenser?
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Solution:
(a) C = 1 llﬁ = 0.001091.
RE AN
Cl + Cz + Ca = 0(”2
0.012 0012 0012 6
0.006 0004 7’ 0.002
+ = %g = 0.001091 microfarad.
0.012

(b) By percentage ratio we find the largest voltage developed
across the smallest eapacitor, 0.002 microfarad, is 109.1 volts

Solution:
G ~0.001091 _ ,
E, = o X 200 = —000% X 200 = 109.1 volts.
0.001091 — ==
E2 = 60—04—" X 200 = 04.00) \()]tS.
0.001091 .
E; = 0,006 X 200 = 36.33 volts.

Prob. 14. Given a series-resonant circuit in which the
inductive and capacitive reactances are 500 and 200 ohms,
respectively, at a frequency of 1,000 kilocycles. What is the
resonant frequency of this circuit?

Solution:

1
f» = ———= cycles per second,
T
I Xe

where f; is the frequency corresponding to the values of X, and
X.
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1 1
106 7~ V200 108 V0
i .
= 38 X 10=% — 632.911 kilocycles per second.

Prob. 156. A parallel resonant circuit composed of an
inductance, capacity, and resistance connected in parallel is
resonant at a frequency of 4.59 megacycles. The inductive
reactance at this frequency is 3,170 ohms. The equivalent
resistance of the parallel combination is 28.32 ohms. Find
the Q and the band width between the “half-power” points of
this combination.

Solution:
wlL 3,170
O=r. ~os3: ~ 120
g _f_ 459 x 108 .
Q= v Af = 0= 1z - 41 kilocyeles per second.

The characteristic impedance of a transmission line is 320
ohms when air is the medium between the parallel conductors.
Assume the two parallel wires to be molded into a dielectric
material which has a specific inductive capacity (dielectric
constant) K, of 2.66. What is the new impedance of the line
under this condition?

Solution:

Zyg = 2 == =" = 200 ohms.

Prob. 16. A high-frequency generating device has an
internal resistance of 500 ohms and develops an electromotive
force of 600 volts r.m.s. A load impedance of 500 ohms com-
posed of an inductance of 400 ohms and a resistance of 300
ohms is connected across the output terminals of the generator.
(a) Calculate the power absorbed by the load. (b) Calculate
the power absorbed by the load when a capacitance is con-
nected in series with the load to cancel the inductive reactance.
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(c) What is the characteristic impedance of a quarter-wave-
length transmission line which, when inserted between the
source and the load, will result in a maximum power transfer?
What is the magnitude of the power?

Solution:
(@) P, = power absorbed by the load.
_ E'.!])r )
TR+ R H X,
360,000 X 300
= (800)7 + (400)®

P,

= 135 watts.

(b) P, = power absorbed when X; = X..

_ 360,000 X 300
T 640,000

(€) Zo = /500 X 300 = 387 ohms.
Since in this case, R, = R, and X = 0,
360,000
4 X 500
Prob. 17. A concentric line one-quarter wavelength long is
to be used to match a 50-chm resistive load to a source which

has an interval impedance of 200 ohms. Calculate the charac-
teristic impedance Z, of the quarter-wave matching line.

P = 169 watts.

I)mu =

= 180 watts.

Solution:
A
/e = 70

s Zo = /50 X 200 = 100 ohms.

Prob. 18. An ultra-high-frequency transmitter operating
at a fundamental frequency of 250 megacycles (1.2 meters) is
fed to an open wire transmission line. It is desired to suppress
the even and odd harmonics by the insertion of a harmonic
suppressing stub. See Prob. 18. What are the physical
dimensions of the stub for (a) second, and (b) third harmonic
suppression requirement?
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Solution: A short-circuited quarter-wave line presents very
high impedance to the fundamental frequency. At the second
harmonic frequency the stub is one-half wavelength long and
presents a very low impedance (short circuit) to the harmonic
frequency.

(a) % = 172 = 0.3 meter

= 11.811 inches.

(I meter = 39.37 inches = 3.28083 ft.)

(b) The open section must be A/12 long and the shorted
section N/6 long.

An open section of a stub that is /12 long at the operai-
ing frequency is A/4 long at the third harmonie. If therefore
such an open section is connected at the output of the trans-
mitter, the third harmonie content will be shorted out. At
the fundamental frequency, the open N/12 section appears as
a capacitive load, the effects of which are minimized by the \/6
wavelength closed section connected in parallel.  Hence, at
the operating frequency, the A/6 wavelength section will be in
antiresonance with the A/12 open section.

Note: A short-circuited A/ line appears, to any connection
made along its length, the equivalent of a parallel-resonant
circuit at the fundamental frequency. The open stub presents
capacitive reactance, and the shorted stub inductive reactance,
both of equal magnitude.

(b) Open-ended stub: g_
N 12 '
—- = = = 0.1 meter
2 12 TL TL
= 3.9 inches. | '
A A
. o a 6
Short eircuited stub: P t
I ]
A 12 . !
. . Second h; ic Third harmonic
'6 = T = 0.2 meter supprrl';:;:?or:l stub. ‘sum;r;:slion stuh.
s Pros. 18. Stub arrangement for suppres-
= 7.874 inches. sion of harmonics.
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Prob. 19. If a microphone having a —60-db output, for a
6-milliwatt zero reference level, is connected to an audio
amplifier through a microphone preamplifier, how much gain
must the preamplifier provide if the audio amplifier has a gain
of 10 db and the power output required is 20 watts?

Solution: 85.2 db or a voltage gain of 18,190.
Amplifier output is 20 watts.

Input is —60 db for a 6 milliwatt zero reference level.
Amplifier power level is

power output
reference level
10 log 3333.3

10 X 3.5227

= +35.2 db.

db

20
10 log 10 l()g().(T)G

Total db gain required from —60 db to 4+35.2 db is 95.2 db.

Gain of the preamplifier = 95.2 — 10 = 85.2 db.

Voltage gain of the preamplifier (assuming equal resistance
terminations):

E,

db = 20 log z
85.2 = 20 log E,!-
]’42
Then
426 = l()g 'E—,z'
E,
- 18,190

Prob. 20. A given amplifier requires an undistorted power
output of 10 watts. The reference level is assumed to be the
standard of 6 milliwatts (0 db). What is the over-all gain of
the amplifier when connected to a microphone pick-up which
has an output of 1 milliwatt?
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Solution:

. 0.001 _
Microphone db = 10 log 0006 = 0.167.
log 0.167 = —1.22,

Pick-up level in db = 10 log X —1.22 = —7.8 db.
p 10
Amplifier db = 10 log 5006 = 1,667.
log 1,667 = 3.2216.
db = 10 X 3.22194 = 32.2.
Amplifier gain = 32.2 db.
Over-all gain = —7.8 db 4+ 32.2 db = 40 db.

Prob. 21. An amplifier consists of an input transforme
with a step-up ratio of 4, an amplifier tube with an amplifica
tion factor of 13.8. The output of this combination is fed int
a power-amplifier input transformer with a 1.5 step-up ratis
and a power-amplifier tube with an amplification factor of 220
What is the gain in db of the two-stage amplifier when an inpu
signal of 1 volt is applied across the primary of the firs
transformer?

Solution:

4 X 13.8 X 1.5 X 220 = 18,216.
Gain in db = 20 log oy 12 18,216.

E. 1
log of 18,216 = 4.26.
Gain = 20 X 4.26 = 85 db.

(a) What is the power level in db for a 6F6 tube operatin;
under conditions which will develop an undistorted powe
output of 3 watts?

(b) If the over-all gain of the power amplifier and precedin;
amplifiers is 80 db, what signal swing in db is required t
deliver the required output?
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Solution:
(@) db = 10 log ~2— =
0.006
log of 500 = 2.70.
Power level = 10 X 2.70 = 27 db.
() db = P, — P, = 27 — 80 = 53 db.
Signal input required = —58 db.

The over-all gain of an amplifier is 63.52 db. What is the
voltage gain ratio?

=1}
- |
| w
Z|
—
=

Solution:
Ndb 63.52 -
Antilog of 3.176 = 1,500.

Voltage ratio = 1,500.

Prob. 22. The field intensity of a broadcast transmitter is
10,000 microvolts per meter at a distance of 5 miles. What
is the field intensity at 50 miles distance from the transmitter?

Ans. Let e = field intensity at 50 miles,

then,
9 9
10,000 ~ 50
2 X .10'000 = OOIOOO = 1,000 microvolts per meter.
50 50

Prob. 23. (a) What would be the field intensity at 50 miles
if the antenna current is doubled at the transmitter mentioned
in Prob. 22?

Ans.  Theory: Field intensity at any point varies directly
with antenna current.
Thus,
e = 1,000 X 2 = 2,000 microvolts per meter

(b) The field intensity from a broadcast transmitter at a dis-
tance of 10 miles is measured and found to be 5,000 microvolts
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per meter. Assuming no change in the transmitting antenna,
what increase in transmitted power would be required to raise
the 10-mile field intensity to 10,000 microvolts per meter.

Ans.  Theory: Power in the antenna, = I®R, where R is the
radiation resistance of the antenna.

Since field strength is to be doubled, the antenna current
will also have to be doubled. This is because field strength is
directly proportional to antenna current.

Let P, = original transmitted power.

Let P2 = transmitted power after increase.

Thus
P, @D _2XI*XEk_,
) IR I*X R
1)2 = 4P1

Prob. 24. What is the db gain in field intensity resulting
from the calculations in Prob. 23?

Ans. Theory: A 2:1 ratio or increase in field intensity
resulted from the doubling of antenna current. This is a
voltage ratio.

The formulas for db gain are

(1) db =10 10g10 &7 (2) db = 20 loglo _E_:_z’
P1 El
P, . .
where P, is a ratio of powers.
E,
E,
Since Prob. 23 gives us a voltage ratio, we substitute in formula

(2) thus,

is a ratio of voltages.

db = 20 logio 21.
From logarithm tables or slide rule,

lOgm 2 = 0.301,
- db = 20 X 0.301
= 6.02.
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Prob. 26. The transmitted power from a broadcast station
is increased by a factor of 100. What is the db gain in field
intensity at any given point?

Ans.

P,
P,
10 logie 100
=10 X 2 = 20.

Prob. 26. A given transmitter is operating at a frequency of
1,500 kilocycles. If two identical towers are employed and
connected together at their feed points, what will be the spacing
of the towers in feet for a 110-degree phase difference in tower
feed currents?

db 10 ]()g]()

Ans. Theory: For example, if the towers were spaced a
half wavelength apart, the phase difference would be 180
degrecs, since there are 360 electrical degrees in a wavelength.
Thus, the spacing in terms of wavelength is given by the fol-
lowing formula:

/]

where d = spacing of towers.
# = phase difference in currents to the two towers.
A = wavelength.

n = any integer or zero.
(Adding any number of full wavelengths to the tower spacing in
no way changes the relative phase of currents fed to the
towers.) Where 6 = 110 degrees,

d = 110360 X (A + n}).

Let
n =0,
v _ 300,000
A= .-f = _HGO_. = 200 meters,

wd = 110865 X 200 = 61.1 meters,
1 meter = 3.28 feet,
d = 61.1 X 3.28 = 200.4 feet.
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Prob. 27. A heterodyne frequency meter has a straight-line
relationship between frequency and dial reading. If the dial
reading is 22.6 for a frequency of 1,000 kilocycles and 56.7 for a
frequency of 1,600 kilocycles, what is the frequency of the
fourth harmonic of the frequency corresponding to a scale
reading of 40.3?

Ans. Theory: Since the dial reading is directly proportional
to frequency, we can find the frequency corresponding to a dial
setting of 40.3 by finding the percentage change in frequency
from a setting of 22.6 to 40.3 with respect to the total variation
between 22.6 and 56.7 which is given.

56.7 — 22.6 = 34.1 dial divisions.
1,600 — 1,000 = 600 kilocycles variation in frequency in 34.1
dial divisions.
40.3 — 22.6 = 17.7 dial divisions.

17.7 .,
f= (’3_43 X 000) + 1,000

311.4 + 1,000
1,311.4 kilocycles, fundamental.

The fourth harmonic of this fundamental is

4 X 1,311.4 = 5,245.6 kilocycles.

Prob. 28. A 1,200-kilocycle, X-cut crystal, calibrated a
20 degrees centigrade and having a temperature coefficient of
—20 parts per million per degree C, will oscillate at wha'
frequency when its temperature is 50 degrees centigrade?

Ans. Theory: As the temperature increases, the frequency
of oscillation will decrease. For 1-degree change in tempera-
ture a 1,200-kilocycle crystal will vary 20 parts per million o

20 cycles per megacycle. Total variation would then be
1,200 .
7,000 X 20 = 24 cycles per centigrade degree. But tempera
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ture change is given as 50 — 20 = 30 centigrade degrees.
Thus, total frequency variation is

24 X 30 = 720 cycles total variation.
Since frequency deviation is negative, we subtract the variation

with temperature change from the frequency at 20 centigrade
degrees. Thus,

Frequency = 1,200,000 — 720
1,199,180 cycles per second
1,199.180 kilocycles per second.

Prob. 29. A power supply is designed to furnish 1,000 volts
direct current at 350 milliamperes load current. (a) What
would be the percentage regulation of the power supply if the
no-load voltage of the supply is 1,100 volts direct-current?
(b) Express the drop in voltage from no-load to full-load in db.

Theory: The full-load voltage of a power supply is less
than the no-load voltage for several reasons: (1) the IR drop
through the choke or chokes, (2) tube drop (high-vacuum
types), (3) poor regulation of input condenser (condenser-
input supplies only), (4) transformer losses due to resistance
in the transformer and transformer leakage reactance.

(a) Percentage regulation is given by the formula

E. - E,

Regulation percentage = S
E,

X 100,

where E,; = no-load voltage output.
Epn = full-load voltage output.
Substituting,
1,100 — 1,000
1,000
100

= m X 100 = 9.09 per cent.
1,100

®) db drop in voltage = 20 log,, 1,000

= 20 logm 1.1.

Regulation percentage X 100
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From log tables or slide rule,

logie 1.1 = 0.0414.
Thus,
db drop in voltage = 20 X 0.0414
= 0.828.

Prob, 30. If a wavemeter, having a deviation inversely
proportional to the wavelength, is accurate to 12 cycles when
set at 660 kilocycles, what is its error when set at 1,600
kilocycles?

Theory: If the error in reading of a wavemeter varies in-
versely as the wavelength, it varies directly as the frequency.

we v
This is because f = +

Y

Solution:
1250 _12X1500 _ 18000 _ o
13000 TT 0 0 T Th60 W

where z = error at 1,500 kilocycles.

Prob. 31. Assuming the error in reading of a wavemeter
increases directly with frequency, what error in reading would
result at 80 meters if the error is 50 cycles at 240 meters?

Theory: Since the error is proportional to frequency, it must
be inversely proportional to wavelength.
Solution: Thus,

50 80, _ 50 X 240 _ 12,000
z 200 TT T8 T 780
z = 150 cycles, error at 80 meters.

Prob. 32. A superheterodyne receiver has an intermediate
frequency of 465 kilocycles. When tuned to a broadcast sta-
tion at 980 kilocycles, severe interference is experienced from
an “image” signal. What is the frequency and wavelength of
the interfering station?
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Theory: The mixer stage in a superheterodyne receiver com-
bines the local oscillator signal with the signal arriving on the
antenna and produces sum and difference frequencies in its
plate circuit. In this problem the resulting frequency must be
465 kilocycles, since the plate circuit of the mixer is tuned to this
frequency. In normal operation the local oscillator frequency
is higher than the incoming signal frequency by the value of the
intermediate frequency. If, however, a strong signal should
reach the mixer input having a frequeney above that of the
local oscillator by an amount equal to the intermediate fre-
quency, a signal corresponding to the difference frequency
would pass through the intermediate-frequency amplifier.

Solution:

Local oscillator frequency = 980 + 465 = 1,445 kilocycles.
Frequeney of interfering station

= 1,445 4+ 465 = 1,910 kilocycles.
Wavelength of interfering station

300,000
= —1,9—10 = 157 meters.

Prob. 33. A superheterodyne receiver is tuned to 2,100
kilocycles, and the intermediate frequency is 456 kilocycles.
What is the frequency of the mixer oscillator?

Theory: The “mixer oscillator,” or as it is often called
“load oscillator,” is customarily tuned to a higher frequency
than the incoming signal. The frequency difference between
“local oscillator” and incoming signal is always equal to the
intermediate frequency.

Solution: Thus, in this problem,

Signal frequency = 2,100 kilocycles.
Intermediate frequency = 456 kiloeyeles.
Oscillator frequency = 2,556 kilocycles.
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Prob. 34. A class C plate-modulated radio-frequency
amplifier draws 260 milliamperes at 1,000 volts direct-current.
What is the load impedance presented to the modulator?

Theory: Plate current flows to a class C amplifier in radio-
frequency pulses. A direct-current milliammeter in the plate
circuit reads average current, and this current depends upon
the direct-current voltage applied and the total effective
resistance in the circuit. The total resistance includes the
tube plate resistance and the effective class C amplifier plate-
load resistance. (The class C amplifier plate-load impedance
is pure resistance, since it is a parallel circuit of L and C tuned
to resonance.)

Solution: Load impedance presented to modulator is numeri-
cally equal to the direct-current plate voltage divided by the
direct-current plate current to the class C modulator radio-
frequency amplifier.

=T, = 020 = 4,000 ohms (pure resistance).

Prob. 35. A superheterodyne receiver has a mixer stage,
five stages of intermediate-frequency amplification, a diode
detector, an audio-frequency amplifier. The output is fed
through a matching transformer into a 500-ohm load. The
input transformer has a turns ratio of 1:10. The mixer hasa
loss of five times. The intermediate-frequency amplifier
stages have a gain of 15 for each stage. The audio-frequency
amplifier has a total gain of eight times when properly matched
into the output load of 500 ohms. What is the over-all gain
of the receiver?

Solution: Let E; = voltage across 70-ohm input terminals.
E, = voltage across the 500 ohms.

E. = E(10)(24)(15)%(8)
= 4(15)%E..
. E.? P _ B2 _ [405VE)* _ 16(15)"E:?
mewt 707 outsut = 500 500 500
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10 2
Gainindb = 101log,, 5‘3 =10 loglo[16(15) E, 70]

P; 500 E.?
16(15)70 .
= 100 logyo %— = 152.6 db.

RADAR

Prob. 36. A radar transmitter has an output of 60 watts
average pulse power and 30 kilowatts of peak power. The
pulse duration or pulse width is 1 microsecond. What is the
pulse repetition period and the duty cycle frequency?

Solution:
T, = 30(’;800 = 500 microseconds.
F = o1 2,000 cycles per second.

T 500 X 10-8

A radar pulse travels at a speed of 5.375 microseconds in 1
statute mile. The round-trip time of the pulse and its return
echo therefore is 10.75 microseconds for one loop mile (2
linear miles = 1 loop mile).

Distance (in miles) — ¢¢h time (microseconds)

Five hundred feet corresponds to a round-trip time of approxi-
mately 1 microsecond, or more conveniently expressed, the
round-trip time for a pulse to an object 1,000 yards away is
6.1 microseconds.

Prob. 37. A given radar transmitter has a pulse duration of
1 microsecond, a pulse repetition rate of 2,000 cycles, and an
average pulse power of 60 watts. What is the peak power of
the pulse?

Solution:

5) >
Pw‘k _ I avg ()0

3 X PRF ~ 1 X 10~ X 2,000
533
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Prob. 38. If an object is located 6 miles from a radar trans.
mitter, what is the round-trip or echo time in microseconds of
the transmitted pulse?

Solution:
6 X 10.75 = 64.5 microseconds.

Prob. 39. An echo pulse is received 215 microseconds after
the transmitted pulse leaves the antenna. What is the dis-
tance of the object which caused the reflection?

Solution:

N
S

J = 20 miles.

—
o
~1

o

Prob. 40. A rectangular wave guide having a cross-section
of 7 by 2 centimeters is found by calculation to have a wave-
length of 14.3 centimeters (2,097.9 megacycles per second).
What is the frequency requirement of the exciting oscillator
(magnetron or klystron) to energize the wave guide properly?

Solution:
I 14.3

e - ——— = 10.064 centimeters
A / 14.3
vie() ()
where A, = the measured wavelength in the guide.
Ac = the critical or cut-off wavelength of the guide.
A = the free-space wavelength.
(The wavelength inside the guide is greater than in free space,
and as the free-space wavelength approaches the cut-off wave-

length of the guide, the wave-guide wavelength approaches
infinity.)

Prob. 41. A magnetron designed to operate at a wave-
length of 13 centimeters is fed into a rectangular wave guide
(2 by 7 centimeters) which has a physical length of 10 meters
between it and the antenna radiator. How long will it take a
pulse to travel from the magnetron to the antenna?

534



SPECIAL PROBLEM SECTION

Solution:

)‘ — L . = 92.8 centimeters.

BRI )

1, = X v = 42 megacycles per second.

92 8
D 10 .
= T T ITXI0 23.8 microseconds.

Prob. 42. Calculate the theoretical (a) maximum, and (b)
minimum ranges for a radar transmitter which has a recurrence
frequency of 1,000 cycles per second and a pulse width of 1
microsecond.

Solution: (@) Maximum range is % where » is the velocity of

light or radio waves, 186,300 miles per sccond, and r is the pulse
repetition frequency (PRF).

1 186,300

T000 2 = 03.15 miles.

(b) Minimum range is g X & where § is the pulse width or

duration.

186,300
2

X 10=% = (0.0931 miles, or approximately 490 feet.

Prob. 43. A pulse of 0.5-microsecond duration with a pulse
repetition frequency of 400 cycles per second is to be received
in a superheterodyne receiver. The mid-point frequency of
the intermediate frequency is to be 60 megacycles per second.
What are the approximate upper and lower limit requirements
of the amplifier to accommodate this pulse width?
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Solution:

8 = pulse duration = 5 X 10~7 second (0.5 microsecond).

! ! = 2 X 10¢ cycles per second.

5 5 X107
The optimum band
2
)

4 X 108 cycles per second (4 megacycles per secoild).

Hence, since the mid-frequency of the intermediate-frequency
amplifier is 60 megacycles, the lower limit is 58 megacycles per
second and the upper limit is 62 megacycles per second (a total
bandwidth of 4 megacycles per second). Some allowance for
frequency drift of the transmitter and the receiver oscillator
(approximately 0.5 megacycles per second) should be included
in the over-all bandwidth, or 57.75 and 62.25 for the lower and
upper limits, respectively.

Prob. 44. The frequency of a single-anode type of magne-
tron is dependant upon the field strength developed by the
permanent magnet. This field strength or flux density is
expressed by the unit called the gauss, B. If a certain single-
anode type of magnetron is found to work most effectively with
a magnetic field of 1,600 gauss, what is the approximate wave-
length in centimeters of the resulting output wave?

Solution:
_ we _ 17.8 X 108
f=g =" XF
- 8
N l‘_.SG >2<81()~ X 1,600 = 4,540 megacycles per second.
] v 3{)04 . . . ;
SN = 7 = 1510 = 0.066 meter (6.6 centimeters).

(100 centimeters = 1 meter. Therefore, 0.066 X 100 = 6.6
centimeters.)
wo 1s a constant, 17.8 X 108,
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Prob. 45. A long series of square pulses are transmitted
from a certain radar transmitter. The pulses are of 2-micro-
second duration and repeat 100 times in a second. (a) What
are the five lowest frequencies contained in each pulse? (b)
The two lowest frequencies with a coefficient equal to zero?

Solution:
(a) § = 2 X 10-¢ = (.000002 second.
fr = 100 cycles per second.
1 1
T, = 7.7 100 ~ 0.01 second.

The five lowest frequencies are

0 = 0 cycles per second.
fr = 100 cycles per second.
2f, = 200 cycles per second.
3f, = 300 cycles per second.
4f, = 400 cycles per second.

1 1 -
(b) 5 = 5000002 — 500,000 cycles per second.
2 2
5 = 0000002 — 1,000,000 cycles per second.
LORAN

Prob. 46. (See Ques. 6.277.) Given the master station
base-line extension (4,460) and the slave station base-line
extension (1,000). (a) What is the distance in nautical miles
between the master and the slave station? (b) What should
be the marking on the chart for the line of positions equally
spaced between the master and slave stations? (c) If a ship
at sea is located 280 miles from the master station and 420
miles from the slave station, what will be the interval between
the arrival of the pulse from the master station and that from
the slave station?
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Solution:
. 3,460 - .
(a) 4,460 — 1,000 = 3,460; 5 = 1,730 microseconds.
1,730 . .
I8 S 280 nautical miles.

where 6.18 = feet in one nautical mile.
(b) 1,730 + 1,000 = 2,730.
Line should be marked: 1H4 — 2730.
(¢) Time for 1 master pulse to reach slave station
= 1,730 microseconds.
30,000 400
2 2
= 14,800 microseconds.

L
2

recurrence interval

Coding delay = 1,000 microseconds.
Difference in paths = 420 — 280 = 140 miles
= 865 microseconds.
Interval between master and slave pulse
= 18,395 microseconds.
Note: When the basic pulse repetition rate (BPRR) switch
is set on H, the Loran indicator is adjusted for approximately
3314 pulses per second. This corresponds to a pulse interval
of 30,000 microseconds when the specific pulse-repetition-rate
switch (SPRR) is set at zero. When the specific pulse-repeti-
tion-rate switch is set on any number from 0 to 7, in combina-
tion with the setting of the basic pulse-repetition-rate switch,
the indicator sweep rate is adjusted for stopping the signals at
the specific pulse recurrence rates indicated in a Loran instruc-
tion book.
For example, when the basic pulse repetition rate switch is
set on H, we note the following:

Specific PRR ’ Frequency, pulses| Pulse interval,

switch | per second microseconds
0 - f 3314 30,000
4 3374 29,600
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Additional information is as follows:

The time required for a radio wave to travel 100 nautical
miles is 618 microseconds.

The pulse sent out by the slave station is delayed an amount
calenlated upon the time required for the pulse to travel from
the master to the slave station, one-half the pulse recurrence
interval, and the coding delay.

The advantages obtained by this delay are that it insures
the master pulse will be the first one received at the ship’s
recciver, provides identification between the two pulses
transmitted, and avoids possible error due to two lines of posi-
tion with the same time-difference indication.
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APPENDIX I*

TABLE 1.—ABBREVIATIONS TO BE UsED IN Rapio COMMUNICATIONS
Q CopE—ABBREVIATIONS TO BE UsED IN ALL SERvVICES!?

Abbreviation Question | Answer or statement
QRA , What is the name of your sta- The name of my station
tion? is ...
QRB At what approximate distance | The approximate dis-
are you from my station? tance between oursta-

tions is . . . nautical
‘ miles (or . . . kilo-
' meters).
QRC By what private operating en- '. The accounts for
terprise (or Government ad- charges of my station
ministration) are the ac- | are settled by the

counts for charges of your| . .. private operat-
station settled ? ing enterprise (or by
the Government ad-
ministration of. . . ).
QRD Where are you going and|Iam goingto . . . and
where do you come from? I come from . . .
QRG Will you tell me what my ex- | Your exact frequency
act frequency (wavelength) (wavelength) is . . .
is in kilocycles (or meters)? kilocycles (or . . .
meters).
QRH Does my frequency (wave-| Your frequency (wave-
length) vary? length) varies.
QRI Is the tone of my transmission ' The tone of your trans-
regular? mission varies.

QRJ Are you receiving me badly? '
Are my signals weak?

I cannot receive you.
Your signals are too
weak.

! Abbreviations take the form of questions when they are followed by a
question mark.

* The series of signals QA to QD and QF to QN are reserved for the
special code of the aeronautical service.

* Reprinted from the Government publication, ““Study Guide and
Reference Material for Commercial Radio Operator Examinations.”
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TaBLE 1.—ABBREVIATIONS TO BE UsED 1IN Rapro COMMUNICATIONS
@ CopE—ABBREVIATIONS TO BE UsiD IN ALL SERVICEs!*—(Continued)

Abbreviation Question
QRK What is the legibility of my
signals (I to 6)?
QRL Are you busy?..............
QRM Are you being interfered with?
QRN Are you troubled by static? ..
QRO Must I increase the power?...
QRP Must I decrease the power?. .
QRQ Must I transmit faster?......
QRS Must I transmit more slowly?
QRT Must I stop transmission?....
QRU Have you anything for me?
QRYV Are you ready?.............
QRW Must I advise . . . that you
are calling himon . . . kilo-
cycles (or . . . meters)?
QRX Must I wait? When will you
call me again?
QRY Which is my turn?..........
QRZ By whom am I being called?.!
[
QSA What is the strength of my |

signals (I to 6)? ‘

Answer or statement

The legibility of your

signals is . . . (I tlo
5).
I am busy (or I am busy
| with ... ). Please

do not interfere.

I am being interfered
with,

I am troubled by static.

Increase the power.

Decrease the power.

Transmit faster (. . .
words per minute).

Transmit more slowly
(. .. words per min-
ute).

Stop transmission.

I have nothing for you.

I am ready.

Please advise . . .
that I am calling him
on . . . kilocycles (or
. . . meters).

Wait (or Wait until I
have finished com-
nunicating with

. ). I shall call

you again at ...
o’clock (or immedi-
ately).

Your turn is number
. .. (or according to
any other indication).

You are being called by

The strength of your
signals is (1 to 6).
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TABLE 1.—ABBREVIATIONS TO BE UskDp IN RapIo CoMMUNICATIONS
Q CopE—ABBREVIATIONS T0 BE UsED 1IN ALL SERvICES2—(Continued)

Abbreviation

QSB

QSD

QSG

QSJ

QSK

QSL

QSM

QSO

QSP

QSR

QSU

QsVv

Question Answer or statement,

Does the strength of my sig- | The strength of your

nals vary? signals varies.
| Is my keying correct; are my | Your keying is incor-
signals distinet? | rect; your signals are
bad.

Must I transmit . . . tele-| Transmit . . . tele-
grams (or one telegram) at a | grams (or one tele-
time? | gram) at a time.

What is the charge to be col- | The charge to be col-
lected per word to . . . in-| lected per word to
cluding your internal tele-| .. .is. .. francs,
graph charge? including my internal

telegraph charge.

Must I continue the trans- | Continue the transmis-
mission of all my traffic; I | sion of all your traffic;
can hear you between my | Ishall interrupt you if

| signals? necessary.
| Can you acknowledge receipt? | I am acknowledging re-
ceipt.

| Must I repeat the last tele- | Repeat the last tele-
gram which I transmitted to | gram which you trans-

you? [ mitted to me.
Can you communicate with | I can communicate with
| . . . directly (or through | ...directly (or
fo.u)? | through . .. ).
Will you relay to . . . free of | I willrelayto . . . free
charge? of charge.
Has the distress call received | The distress call re-
from . . . beenattended to? | ceived from . . . has

been attended to by

Must I transmit (or answer) | Transmit (or answer) on

on...kiloeycles (or| ... kilocycles (or

meters) and/or on waves of | . .. meters) and/or

type Al, A2, A3, or B? | waves of type Al, A2,
| A3, or B.

Must I transmit a series of | Transmit a series of Vs.

V’s? ;
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TABLE 1.—ABBREVIATIONS TO BE UsiEp IN Rapio COMMUNICATIONS
Q CopE—ABBREVIATIONS TO BE USED IN ALL SERvICES!?*—(Continued)

Abbreviation | Question , Answer or statement

QSwW Do you wish to transmit on | I am going to transmit
... kilocycles (or .. .| (or I shall transmit)
meters), and /or on waves of | on . . . kilocycles (or
type Al, A2, A3, or B? . . . meters), and/or

on waves of type Al,
| A2, A3, or B.

QSX Will you listen to . . . (call | I am listening to . . .

signal) on . . . kilocycles (or| (call signal) on . . .
. meters)? | kilocycles (or . ..
| meters).

QSY Must I shift to transmission | Shift to transmission
on . . . kilocycles (or . . .| on . .. kilocycles (or
meters), without changing| . . . meters) without
the type of wave? or | changing the type of

wave. or
Must I shift to transmission on| Shift to transmission on
another wave? another wave,

QSZ Must I transmit each word or | Transmit each word or
group twice? group twice.

QTA Must I cancel telegram no.| Cancel telegram no.

. as if it had not been | ... as if it had not
transmitted ? { been transmitted.

QTB Do you agree with my word | I do not agree with your
count? word count; I shall re-

peat the first letter of
each word and the first
figure of each number,

QTC How many telegrams have |I have . . . telegrams
you to transmit? for you (or for . . . ).

QTE: What is my true bearing in | Your true bearing in re-
relation to you? or| lation to me is . . .

| degrees or

I What is my true bearing in | Your true bearing in re-
relation to . .. (call sig-| lation to ... (call

| nal)? or| signal)is . . . degrees
at . . . (time) or

[

3In certain aeronautical services, “true course’ and “true bearing”
are called ““geographic course’ and “geographic bearing.”
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TaBLE 1.—ABBREvVIATIONS TO BE UsED IN RADI0 COMMUNICATIONS
Q CopE—ABBREVIATIONS TO BE Usep IN ALL SERVICES!2—(Continued)

Abbreviation

QTF

QTG

QTH

QTI

QTJ

QTM

QTO

Question

I Answer or statement

What is the true bearing of : The true bearing of

. . . (call signal) in rela- |

tion to . . . (call signal)?

Will you give me the posi-
tion of my station on the
basis of bearings taken by
the radio direction-finding
stations which you control?

Will you transmit your call
signal during 50 seconds
ending with a 10-second
dash, on . . . kilocycles
(or . . . meters) so that I
may take your radio direc-
tion-finding bearings?

Whatis your position in lati-
tude and in longitude (or
according to any other indi-
cation)?

What is your true course?..

What is your speed?

Transmit radio signals and
submarine sound signals to
enable me to determine my
bearing and my distance.

Have you left dock (or
port)?

... (call signal) in
relation to . . . (call
signal) is . . . degrees
at . .. (lime).

The position of your
station on the basis of
bearings taken by the
radio direction-finding
stations which I con-
trol is . . . latitude,
. . . longitude.

I will transmit my call
signal during 50 sec-
onds, ending with a
10-second dash, on
. . . kilocycles (or

. meters) so that
you may take my
radio direction-finding
bearings.

My position is . . .
latitude, . . . longi-
tude (or according to
any other indication).
My true course is . . .
degrees.

My speedis . . . knots
(or . . . kilometers)
per hour.

I am transmitting radic
signals and submarine
sound signals to en-
able you to determine
your bearing and your
distance.

| T have left dock (or

| port).
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TaBLE 1.—ABBREVIATIONS TO BE Usep 1IN Rapio COMMUNICATIONS
@ CopE—ABBREVIATIONS TO BE UsEp 1IN ALL SERVICEs!*—(Conlinued)

Abbreviation

QTP
QTQ

QTR
QTU

QUA

QUB

Quce

QUD

QUF

QUG

QUH

. |
Question Answer or statement

Are you going to enter dock | I am going to enter
(or port)? | dock (or port).

| Can You communicate with | I am going to com-
my station by the Inter- | municate with your
national Code of Signals? | station by the Inter-

national Code of Sig-
nals,

What is the exact time?....| The exact timeis . . .
What are the hours during | My stationisopen from
which your stationisopen?| . .. to . .

Have you any news from | This is the news from

. (call signal of the mo- | . . . (call signal of the
bile station)? mobile stalion).

Can you give me, in the fol- | This is the information
lowing order, information | requested:. . .. ...
concerning: visibility, |
height of elouds, ground |
wind at . . . (place of ob- l
servatitm)?

What is the last message | The last message I re-
you received from ... | ceivedfrom . . . (call
(call signal of the mobile | signal of the mobile sta-

| station)? tion) is . . .

Have you received the ur- | I have received the ur-
gent signal transmitted by | gent signal transmit-

. (call signal of the mo- | ted by . . . (call sig-

bile station)? nal of the mobile sta-
tion) at . . . (time).

Have you received the dis- | I have received the dis-

tress signal sent by . . .| tress signal sent by

(call signal of the mobile | . . . (call signal of the
station)? | mobile station) at . .

| (time).

Will you be forced to come | I am forced to come
down on water (or on| down on water (or on
land)? land) at . . . (place).

Will you give me the present The present, barometnc
barometric pressure at sea | pressure at sea level is
level? .« . (units).
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TaeLE 1.—ABBREVIATIONS TO BE UsEp IN Rapio CoMMUNICATIONS
Q CopE—ABBREVIATIONS TO BE UsED IN ALL SERvIcEs!-2—(Continued)

Abbreviation |
QUJ3
QUK
QUL

QUM

!

Question Answer or statement

Will you please indicate the | The proper course to
proper course to steer to- | steer toward me, with
ward you, with no wind? | no wind, is . .. de-

grees at . . . (ime).

Can you tell me the condi- | The sea at . . . (place
tion of the sea observed at ; or coordinates) 1s . . .
. . . (place or coordinates)? |

Can you tell me the surge | The surge at ...
observed at . . . (placeor | (place or coordinates)

coordinales)? | is ...
Is the distress traffic ended? | The distress traffic is
: ended.

3 In certain aeronautical services, “true course’’ and ‘“true bearing”
are called “geographic course” and ‘geographic bearing.”

TABLE 2.—SCALE FOR STRENGTH OR LEGIBILITY OF SIGNALS

Strength

QSA 1 = scarcely perceptible QRK 1

Legibility
unreadable

QSA 2 = weak QRK 2 = readable now and then
QSA 3 = fairly good QRK 3 = readable, but with difficulty
QSA 4 = good QRK 4 = readable

QSA 5 = very good QRK 5 = perfectly readable
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TABLE 3.—MIscELLANEOUS ABBREVIATIONS

Abbrevi-

ation Meaning
C Yes.
N No.
P Announcing private telegram in the mobile service (to be used
as a prefix).
W Word or words.
AA All after . . . (to be used after a question mark to request a
repetition).
AB All before . . . (to be used after a question mark to request a
repetition).
AL All that has just been transmitted (to be used after g question

AS
BN

BQ
CL
Cs
DB

DC
DF

DG
DI
DJ
DL
DO
Dp
DS
DT
DY

Dz

mark to request a repetition).

Waiting period.

All between . . . (to be used after a question mark to request
a repetition).

Answer to RQ.

I'am closing my station.

Call signal (to be used in requesting that call signal be given
or repeated).

I cannot give you a bearing, you are not in the calibrated sec-
tor of this station.

The minimum of your signal is suitable for the bearing,.

Your bearing at . . . (time) was . . . degrees, in the doubt-
ful sector of this station, with a possible error of two degrees.

Doubtful bearing due to the bad quality of your signal.

Doubtful bearing due to interference,

Your bearing at . , . (time) was . . . degrees, in the uncer-
tain sector of this station,

Doubtful bearing. Request another bearing later, or at . . .
(time).

Beyond 50 miles, possible error of bearing can attain two de-
grees.

Adjust your transmitter, your minimum signal is too broad.

I cannot give you a bearing, your minimum signal is too broad.

Thisis a two-way station, what is your approximate direction,
in degrees, in relation to this station?

Your bearing is reciprocal (to be used only by the control sta-
tion of a group of radio direction-ﬁnding stations when ad-
dressing other stations of the same group),
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TaBLE 3.—MISCELLANEOUS ABBREVIATIONS.—(Continued)

Abbrevi- .
. | Meaning
ation |
ER Here . . . (to be used before the name of the mobile station
in the transmission of routing indications).
GA Resume transmission (to be used more especially in the fixed
| service).
JM If I may transmit, make a series of dashes. To stop my
| transmission, make a series of dots [not to be used on 500 ke.
(600 m.)].

MN | Minute or minutes (to be used to indicate the duration of the
| waiting period).

NW | I am resuming transmission (to be used more especially in the
| fixed service).

OK | We agree.

RG | Announcing a request.

SA Announcing the name of an aircraft station (to be used in
transmitting transit data).

SF Announcing the name of an aeronautical station.

SN Announcing the name of a coast station.

SS | Announcing the name of a ship station (to be used in trans-
mitting transit data).

TR To announce sending of indications concerning a mobile sta-

| tion.

TU | Thank you for the cooperation given.
UA Do we agree?

WA | Word after . . . (to be used after a question mark to request
a repetition).

WB | Word before . . . (to be used after a question mark to request
a repetition).

XS Static.

YS See your service notice.

ABV | Repeat (or I repeat) the figures in abbreviated form.
ADR | Address (to be used after a question mark to request a repeti-
l tion).
CFM ‘ Confirm (or I confirm).
COL | Collate (or I collate).
ITP | The punctuation counts.
MSG | Announcing a telegram concerning the service on board (to
| be used as a prefix).
I have nothing to transmit to you (to be used after an abbrevi-
ation of code Q to show that the answer to the question asked
is in the negative).

NIL
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TABLE 3.—MISCELLANEOUS ABBREVIATIONS.—(Confinued)

|
Abb.rev1- [ Meaning

ation

PBL | Preamble (to be used after a question mark to request a repe-
tition).

REF | Reference to . . . (or Referto . . . ).

RPT | Repeat (or I repeat) (to be used in requesting or giving repeti-
tion of all or part of the traffic, the abbreviation to be fol-
lowed by the corresponding indications).

SIG Signature (to be used after a question mark to request a
repetition).

SVC | Announcing a service telegram concerning private traffic (to
be used as a prefix).

TFC | Traffic.

TXT

Text (to be used after a question mark to request a repetition).
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TaBLE 4.—INTERNATIONAL Morse CobE
With extracts from the list of punctuations and other signs contained in the
Telegraph Regulations of the Cairo Conferences, 1938

LETTERS
a4 o — 1 . r «—.
b —... Yy 8 ococ
[ k —.— b =
Al —o 0 [ p—— [V
e . m — — V e0o o —
e p— n —. Woo——
g ——. 0 — e — X —oe—
h.... p e——. YAy p——

q — —— 7 ——
FIGURES
| omem—— 8 —=ocoo0o
2 e —— [re———y
& 000 (3 =00
A Pppp— ) —— =0
8 coaoc 6 o —— — —
PUNCTUATION AND OTHER SIGNS

Period. .. .. . e 00— 0 —
COMIMA. . oot e e it eanaan 3 c—e—m00e—c—
(Cl1(e10e 5000006 00006 0aa00000000008000000000000G — =000
Question mark, or request for repetition of a trans-

mission not understood.......... ... .. L ¥ cocmc—o0
Apostrophe. ... ... ... . i D P
Dashorhyphen........ ... ... . ... . ........ —0000—
Fractionbar...... ... ... .. ... ... .. ... ... S p—
Parenthesis (before and after words)............. () c—oc—mc—o0—
Underscore (before and after words or part of sen-

BOIMICC) . . oottt 50— 0 =
Equalsign............. .. .. . i 5 —000c—
Understood........... ... .. ... i, 000c=0
FrrOr. .ot
Cross or end of telegram or end of transmission. . . P p—
Invitation to transmit............ ... ... ... ... S
W30 0000000000 00000000000005800000000G5 080005 0=—00 o
Endof work........c.oiviiiiniiin . 000e——0—
Starting signal (beginning every transmission)... .. —0co0—
Separation signal for transmission of fractional

numbers (between the ordinary fraction and the

whole number to be transmitted) and for groups

consisting of figures and letters (between the

figure groups and the letter groups).......... .. 0 =0 0=
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TaBLE 4.—INTERNATIONAL MoRSE CobpE.—(Continued)
The following optional letters and signals may be used exceptionally
on connections between countries allowing them:

40— = N ——o0—cm

dord . — . __ O —— ..
ch — — (I p——
@ cocso0

In transmitting numbers involving a fraction, the separation signal
must, in order to avoid confusion, be transmitted before or after the
fraction, as the case may be.

Ezamples. Instead of 1}{s, transmit 1 . — .. _— 1{¢ in order not to
have it read 11{¢; instead of 3{ 8, transmit 3{ . — .. _ 8 in order not
to have it read 34g; instead of 214 2, transmit 2. — .. _ 5. ., _2
in order not to have it read 213,.

A group consisting of figures and letters must be transmitted by insert-
ing the separation signal (. — .. .—) between the figure group and the
Jetter group.
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PART 13.—RULES GOVERNING COMMERCIAL RADIO
OPERATORS

GENERAL

13.1. Licensed operators required.'—Unless otherwise specified
by the Commission, the actual operation of any radio station for
which a station license is required shall be carried on only by a licensed
radio operator of the required class.?

13.2. Classes of licenses.—The classes of commercial operator
licenses issued by the Commission are:

a. Commercial radiotelephone group:

1. Radiotelephone second-class operator license.
2. Radiotelephone first-class operator license.

b. Commercial radiotelegraph group:

1. Radiotelegraph second-class operator license.
2. Radiotelegraph first-class operator license.

¢. Restricted commercial group:

1. Restricted radiotelephone operator permit.
2. Restricted radiotelegraph operator permit.

13.3. Dual holding of licenses.—A person may not hold more than
one radiotelegraph operator license (or restricted radiotelegraph
permit) and one radiotelephone operator license (or restricted radio-
telephone operator permit) at the same time.

13.4. Term of licenses.—(ommercial operator licenses are nor-
mally issued for a term of 5 years from the date of issuance.

APPLICATIONS

13.11. Procedure.—The application form in duplicate for operator
license, properly completed and signed, shall be submitted in person

* Reprinted from the FCC publication, ‘' Rules Governing Commercial
Radio Operators.”

! Wherever the term “‘license’” is used generally to denote an authoriza~
tion from the Commission, it includes both ‘‘license” and ‘‘permit.”

2 See Sec. 13.61.
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or by mail to the office at which the applicant desires to be examined,
which office will make the final arrangements for conducting the
examination. If the application is for renewal of license,! it must be
submitted during the last year of the license term and if the service
requirements are fulfilled? the renewal license may be issued by mail.
A renewal application shall also be accompanied by the license to be
renewed.

13.12.% Special provisions, radiotelegraph first class.—An applicant
for the radiotelegraph first-class operator license must be at least
21 years of age at the time the license is issued and shall have had an
aggregate of 1 year of satisfactory service as a radiotelegraph oper-
ator manipulating the key of a manually operated radiotelegraph
station on board a ship or in a manually operated coastal telegraph
station.

EXAMINATIONS

13.21. Examination elements.—Written examinations will com-
prise questions from one or more of the following examination
elements:

1. Basic law.—Provisions of law and regulation with which every
operator should be familiar.

2. Basic theory and practice.—Technical matters appropriate for
every class of license except restricted radiotelephone operator permit.

3. Radiotelephone.—Additional matters, both legal and technical,
including radiotelephone theory and practice.

4. Advanced radiotelephone.—Theory and practice applicable to
broadcast station operation.

5. Radiotelegraph.—Additional matters, both legal and technical,
including radiotelegraph theory and practice.

6. Advanced radiotelegraph.—Radiotelegraph theory and practice
of wider scope, particularly with respect to ship radio matters (direc-
tion finders, ship radiotelephone stations, spark transmitters, etc.).

L All outstanding radiotelegraph licenses bearing an endorsement
granting privileges comparable with a radiotelephone license of any class
shall be considered as two separate licenses and application for renewal
thereof shall be made separately.

2 See Sec. 13.28.

3 Radiotelegraph first-class licenses now held by persons under 21 years
of age may be renewed without regard to the age limit provided by
Sec. 13.12.
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13.22. Examination requirements.—Applicants for original licenses
will be required to pass examinations as follows:

a. Radiotelephone second-class operator license:

1. Ability to transmit and receive spoken messages in English.
2. Written examination elements: 1, 2, and 3.
. Radiotelephone first-class operator license:
L. Ability to transmit and receive spoken messages in
English.
2. Written examination elements: 1, 2, 3, and 4.

¢. Radiotelegraph second-class operator license:

1. Ability to transmit and receive spoken messages in
English.

2. Transmitting and receiving code test of sixteen (16) code
groups per minute.

3. Written examination elements: 1, 2, 5, and 6.

d. Radiotelegraph first-class operator license:

1. Ability to transmit and receive spoken messages in English.

2. Transmitting and receiving code test of twenty-five (25)
words per minute plain language and twenty (20) code
groups per minute.

3. Written examination elements: 1, 2, 5, and 6.

e. Restricted radiotelephone operator permit:

1. Ability to transmit and receive spoken messages in English.
2. Written examination element: 1.

J. Restricted radiotelegraph operator permit:

1. Transmitting and receiving code text of sixteen (16) code
groups per minute.
2. Written examination elements: 1, 2, and 5.

13.23. Form of writing.—WTitten examinations shall be in English
and shall be written by the applicant in longhand in ink, except that
diagrams may be in pencil.

13.24. Passing mark.—A passing mark of 75 per cent of a possible
100 per cent will be required on each element of a written examination.

13.25. New class, additional requirements.—The holder of a
license, who applies for another class of license, will be required to
pass only the added examination elements for the new class of license.

13.26. Canceling and issuing new licenses.—If the holder of a
license qualifies for a higher class in the same group, the license held
will be canceled upon the issuance of the new license. Similarly, if
the holder of a restricted operator permit qualifies for a first- or

o

24
.
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second-class operator license of the corresponding type, the permit
held will be canceled upon issuance of the new license.

13.27. Eligibility for reexamination.—An applicant who fails an
examination element will be ineligible for 2 months! to take an
examination for any class of license requiring that element. Exam-
ination elements will be graded in the order listed,? and an applicant
may, without further application, be issued the class of license for
which he qualifies.

13.28. Renewal examinations and exceptions.>—A license may be
renewed without examination provided the service record on the
license* shows at least 3 years’ satisfactory service in the aggregate
during the license term and while actually employed as a radio
operator under that license; or shows at least 2 years’ service in the
aggregate, under the same conditions, of which 1 year must have been
continuous and immediately prior to the date of application for
renewal.

If the above requirements have not been fulfilled, but the service
record shows at least 3 months’ satisfactory service in the aggregate,
while actually employed as a radio operator under the license during
the last 3 years of the license term, a license may be renewed upon
the successful completion of a renewal examination which may be
taken at any time during the last year of the license term.

1 A month after date is the same day of the following month, or if there
is no such day, the last day of such month. This principle applies for
other periods. For example, in the case of the 2-month period to which
this note refers, an applicant examined December 1 may be reexamined
February 1, and an applicant examined December 29, 30, or 31 may be
reexamined the last day of February, while one examined February 28
may be reexamined April 28.

2 See Sec. 13.28.

2 Paragraph (2) of rule 439 shall remain in effect with respect to
renewals of 3-year licenses outstanding on July 1, 1939.

“RuULE 439 (2) All operator licenses, except amateur, may be renewed
without examination, provided—

“(a) The applicant has had 90 days’ satisfactory service during the
6-month period prior to the date the application for renewal of license is
due to be filed, namely, 60 days prior to the expiration date, or

“(b) The applicant has had at least 12 months’ satisfactory service
during the license term prior to the date the application for renewal of
license is due to be filed.”

¢ See Secs. 13.91 to 13.94, inclusive.
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Renewal examinations will consist of the same elements as for
original licenses. However, the written examination will be directed
toward a determination of the applicant’s qualifications to continue
to hold the license for which he has previously qualified. If the
renewal examination is not successfully completed before expiration
of the license sought to be renewed, or if the service is not acceptable,
the applicant will be examined as for the original license.

CODE TESTS

13.41. Transmitting speed requirements.—An applicant is required
to transmit correctly in the International Morse Code for 1 minute at
the rate of speed prescribed in these rules for the class of license
desired.

13.42. Transmitting test procedure.—Transmitting tests shall be
performed by the use of the conventional Morse key except that a
semi-automatic key, if furnished by the applicant, may be used in
transmitting code tests of 25 words per minute.

13.43. Receiving speed requirements.—An applicant is required
to receive the International Morse Code by ear, and legibly tran-
scribe consecutive words or code groups for a period of 1 minute
without error at the rate of speed specified in the rules for the class of
license for which application is made.

13.44, Receiving test procedure.—Receiving code tests shall be
written in longhand either in ink or pencil except that in the case of
the 25 words per minute code test, a typewriter may be used when
furnished by the applicant.

13.46. Computing word or code groups.—Each five characters
shall be counted as one word or code group. Punctuation marks or
figures count as two characters.

SCOPE OF AUTHORITY

13.61. Operators’ authority.—The various classes of commercial
operator licenses issued by the Commission authorize the holders
thereof to operate radio stations, except amateur, as follows:

a. Radiotelephone second-class operator license.—Any station while
using type A-0, A-3, A—, or A-5 emission except standard broadcast
stations, International Broadcast stations, or ship stations licensed to
use power in excess of 100 watts and type A-3 emission for com-
munication with coastal telephone stations.
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b. Radiotelephone firsi-class operator license.—Any station while
using type A-0, A-3, A4, or A-5 emission except ship stations
licensed to use a power in excess of 100 watts and type A-3 emission
for communication with coastal telephone stations.

¢. Radvotelegraph second-class operator license.—Any station while
using type B, A-0, A-1, A-2, A-3, or A4 emission except—

1. Any of the various classes of broadcast stations other than
a relay broadecast station, or

2. On a passenger! vessel required by treaty or statute to
maintain a continuous radio watch by operators or on a
vessel having continuous hours of service for public
correspondence, the holder of this class of license may
not act as chief operator.

3. On a vessel (other than a vessel operated exclusively on the
Great Lakes) required by treaty or statute to be equipped
with a radiotelegraph installation, the holder of this class
license may not act as chief or sole operator until he has
had at least 6 months’ satisfactory service as a qualified
radiotelegraph operator on a vessel of the United States.

d. Radiotelegraph firsi-class operator license—Any station while
using type B, A-0, A-1, A-2, A-3, or A—4 emission except—

1. Any of the various classes of broadecast stations other than
a relay broadeast station.

2. On a cargo vessel (other than a vessel operated exclusively
on the Great Lakes) required by treaty or statute to be
equipped with a radiotelegraph installation, the holder
of this class license may not act as chief or sole operator
until he has had at least 6 months’ satisfactory service
as a qualified radiotelegraph operator on a vessel of the
United States.

e. Restricted radiotelephone operator permit.—Any station while
using type A-0, A-3, or A—4 emission: Provided, That—

1. Such operator is prohibited from making adjustments that
may result in improper transmitter operation.

2. The equipment is so designed that none of the operations
necessary to be performed during the course of normal

t A ship shall be considered a passenger ship if it carries or is licensed
or certificated to carry more than 12 passengers. A cargo ship means any
ship not a passenger ship.
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rendition of service may cause off-frequency operation
or result in any unauthorized radiation.

3. Any needed adjustments of the transmitter that may affect
the proper operation of the station are regularly made by
or in the presence of an operator holding a first or second
class license, either telephone or telegraph, who shall be
responsible for the proper operation of the equipment.

Exceptions:

1. The permit is not valid for the operation of any of the
various classesof broadcast stations other than a relay
broadcast station.

2. The permit is not valid for the operation of a coastal tele-
phone station or a coastal harbor station other than in
the Territory of Alaska.

3. The permit is not valid for the operation of a ship station
licensed to use type A-3 emission for communication
with coastal telephone stations.

f. Restricted radiotelegraph operator permit.—Any station while
using type B, A-0, A-1, A-2, A-3, or A—4 emission: Provided, That,
in the case of equipment designed for and using type A-3 or A—4
emission—

1. Such operator is prohibited from making adjustments that
may result in improper transmitter operation.

2. The equipment is so designed that none of the operations
necessary to be performed during the course of normal
rendition of service may cause off-frequency operation
or result in any unauthorized radiation.

3. Any needed adjustments of the transmitter which may
affect proper operation of the station are regularly made
by or in the presence of an operator holding a first or
second class license, either telephone or telegraph, who
shall be responsible for the proper operation of the
equipment.

‘Exceptions:

1. The permit is not valid for the operation of any of the
various classes of broadcast stations other than a relay
broadcast station.

2. The permit is not valid for the operation of a ship station
licensed to use type A-3 emission for communication
with coastal telephone stations.
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3. The license is not valid for the operation of a radiotelegraph
station on board a vessel required by treaty or statute to
be equipped with a radio installation.

4. The license is not valid for the operation of any ship
telegraph, coastal telegraph, or marine-relay station
open to public correspondence.

13.62. Special privileges.—(a) Any operator may operate any
station in the experimental service, while using frequencies above
300,000 kilocycles. .

b. Subject to the limitations set forth herein,! the holder of any
class radiotelephone operator license may operate a radiotelephone
point-to-point station, a coastal harbor, or coastal telephone station
while using A-1 or A-2 emission, for testing or other transmission
entirely secondary and incidental to the service of such station.

13.63. Operator’s responsibility.—The licensed operator respon-
sible for the maintenance of a transmitter may permit other persons
to adjust a transmitter in his presence for the purpose of carrying out
tests or making adjustments requiring specialized knowledge or skill,
provided that he shall not be relieved thereby from responsibility for
the proper operation of the equipment.

MISCELLANEOUS

13.71. Issue of duplicate license.—An operator whose license or
permit has been lost, mutilated, or destroyed, shall immediately
notify the Commission. A sworn application for 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 cancelation. The applicant must also give a statement
of the service that has been obtained under the lost license.

13.72. Exhibiting signed copy of application.—When a duplicate
operator license or permit has been requested, or 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.

13.73. Supervision of examinations for permit.—Persons other
than employees of the Commission may be authorized to supervise

! Section 13.61.
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examinations for Restricted Radiotelephone Operator Permits for
one or more employees of a division of local or State Government:
Provided—

a. That the absence of such employees for the purpose of taking
an examination at a field office or designated examining city would
interfere with the proper functioning of the division, and

b. That the chief of police, director of public safety, or other official
of equal responsibility furnish the names of the persons to be examined
and designate an official by name and title to supervise the examina-
tion. The application for supervisory examination shall be made to
the inspector in charge of the district in which the applicants are
located.

13.74. Verification card.—The holder of an operator license who
operates any station in which the posting of an operator license is
not required, may, upon filing application! in duplicate, accompanied
by his license, obtain a Verification Card.? This card may be carried
on the person of the operator in lieu of the original operator license:
Provided, The license is readily accessible within a reasonable time for
inspection upon demand by an authorized Government representative.

13.75. Posting license or verified statement.—The holder of a
radiotelegraph or radiotelephone first or second class license who
is employed as a service and maintenance operator at stations oper-
ated by holders of Restricted Operator Permits shall post at such
station his operator license or a verified statement from the Com-
mission? in lieu thereof.

SERVICE

13.91. Endorsement of service record.—A station licensee, or his
duly authorized agent, or the master of a vessel acting as the agent
of a licensee, shall endorse the service record appearing on said
operator license, showing the call letters and types of emission of the
station operated, the nature and period of employment, and quality
of performance of duty.

13.92. Aviation service endorsement.—If the operator has oper-
ated more than three stations in the aviation service, the service may
be shown by giving the name of the aviation chain or company in lieu
of listing the call letters of the several stations.

1 Form 756.

2 Form 758-F.

# Form 759.
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13.93. Service acceptability.—Credit will be allowed only for
satisfactory service obtained under conditions that required the
employment of licensed operators, or when obtained at United States
Government stations.

13.94. Statement in lieu of service endorsement.—The holder
of a radiotelegraph license or a restricted radiotelegraph operator
permit desiring an endorsement to be placed thereon attesting to an
aggregate of at least 6 months’ satisfactory service as a qualified
operator on a vessel of the United States, may, in the event documen-
tary evidence cannot be produced, submit to any office of the Com-
mission a statement under oath accompanied by the license to be
endorsed, embodying the following:

a. Names of ships at which employed

b. Call letters of stations.

¢. Types of emission used.

d. Type of service performed as follows.

L. Manual radiotelegraph operation only; and
2. Transmitter control only; or
3. Combination of (1) and (2) running concurrently.

e. Whether service was satisfactory or unsatisfactory.

f. Period of employment.

g. Name of master, employer, licensee, or his duly authorized
agent.
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EXTRACTS FROM RADIO LAWS

Extracts of the Communications Act of 1934, as amended

SectioN 1. For the purpose of regulating interstate and foreign
commerce in communication by wire and radio so as to make avail-
able, so far as possible, to all the people of the United States a rapid,
efficient, Nation-wide, and world-wide wire and radio communiecation
service with adequate facilities at reasonable charges, for the purpose
of the national defense, for the purpose of promoting safety of life and
property through the use of wire and radio communication, and for
the purpose of securing a more effective execution of this policy by
centralizing authority heretofore granted by law to several agencies
and by granting additional authority with respect to interstate and
foreign commerce in wire and radio communication, there is hereby
created a Commission to be known as the “ Federal Communications
Commission,” which shall be constituted as hereinafter provided
and which shall execute and enforce the provisions of this act.

Sec. 301. It is the purpose of this Act, among other things, to
maintain the control of the United States over all the channels of
interstate and foreign radio transmission; and to provide for the use
of such channels, but not the ownership thereof, by persons for limited
periods of time, under licenses granted by Federal authority, and no
such license shall be construed to create any right, beyond the terms,
conditions, and periods of the license. No person shall use or operate
any apparatus for the transmission of energy or communications or
signals by radio (a) from one place in any Territory or possession of
the United States or in the District of Columbia to another place in
the same Territory, possession, or district; or (b) from any State,
Territory, or possession of the United States, or from the District of
Columbia to any other State, Territory, or possession of the United
States; or () from any place in any State, Territory, or possession
of the United States, or in the District of Columbia, to any place in
any foreign country or to any vessel; or (d) within any State when
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the effects of such use extend beyond the borders of said State, or
when interference is caused by such use or operation with the trans-
mission of such energy, communications, or signals from within said
State to any place beyond its borders, or from any place beyond its
borders to any place within said State, or with the transmission or
reception of such energy, communications, or signals from and/or to
places beyond the borders of said State; or (e¢) upon any vessel or
aircraft of the United States; or (f) upon any other mobile stations
within the jurisdiction of the United States, except under and in
accordance with this Act and with a license in that behalf granted
under the provisions of this Act.

Sec. 303. Except as otherwise provided in this Act, the Com-
mission from time to time, as public convenience, interest, or necessity
requires, shall—

(1) Have authority to prescribe the qualifications of station
operators, to classify them according to the duties to be performed,
to fix the forms of such licenses, and to issue them to such citizens of
the United States as the Commission finds qualified;

(m) (1) Have authority to suspend the license of any operator
upon proof sufficient to satisfy the Commission that the licensee—

(A) 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 convention; or

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

(C) Has willfully damaged or permitted radio apparatus or installa-
tions to be damaged; or

(D) Has transmitted superfluous radio communications or signals
or communications containing profane or obscene words, language,
or meaning, or has knowingly transmitted—

(1) False or deceptive signals or communications, or

(2) A call signal or letter which has not been assigned by proper
authority to the station he is operating; or

(E) Has willfully or maliciously interfered with any other radio
communications or signals; or

{(F) Has obtained or attempted to obtain, or has assisted another
to obtain or attempt to obtain, an operator’s license by fraudulent
means.
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(2) No order of suspension of any operator’s license shall take
effect until fifteen days’ notice in writing thereof, stating the cause
for the proposed suspension, has been given to the operator licensee
who may make written application to the Commission at any time
within said fifteen days for a hearing upon such order. The notice
to the operator licensee shall not be effective until actually received
by him, and from that time he shall have fifteen days in which to
mail the said application. In the event that physical conditions
prevent mailing of the application at the expiration of the fifteen-day
period, the application shall then be mailed as soon as possible there-
after, accompanied by a satisfactory explanation of the delay. Upon
receipt by the Commission of such application for hearing, said order
of suspension shall be held in abeyance until the conclusion of the
hearing which shall be conducted under such rules as the Commission
may preseribe. Upon the conclusion of said hearing the Commission
may affirm, modify, or revoke said order of suspension.

(n) Have authority to inspect all radio installations associated with
stations required to be licensed by any Act or which are subject to the
provisions of any Act, treaty, or convention binding on the United
States, to ascertain whether in construction, installation, and opera-
tion they conform to the requirements of the rules and regulations of
the Commission, the provisions of any Act, the terms of any treaty
or convention binding on the United States, and the conditions of the
license or other instrument of authorization under which they are
constructed, installed, or operated.

(r) Make such rules and regulations and prescribe such restrictions
and conditions, not inconsistent with law, as may be necessary to
carry out the provisions of this Act, or any international radio or
wire communications treaty or convention, or regulations annexed
thereto, including any treaty or convention insofar as it relates to the
use of radio, to which the United States is or may hereafter become a
party.

Sec. 318. The actual operation of all transmitting apparatus in
any radio station for which a station license is required by this Act
shall be carried on only by a person holding an operator’s license
issued hereunder, and no person shall operate any such apparatus in
such station except under and in accordance with an operator’s license
issued to him by the Commission: Provided, however, That the Com-
mission if it shall find that the public interest, convenience, or neces-
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sity will be served thereby may waive or modify the foregoing
provisions of this section for the operation of any station except (1)
stations for which licensed operators are required by international
agreement, (2) stations for which licensed operators are required for
safety purposes, (3) stations engaged in broadcasting and (4) stations
operated as common carriers on frequencies below thirty thousand
kilocycles: Provided further, That the Commission shall have power
to make special regulations governing the granting of licenses for the
use of automatic radio devices and for the operation of such devices.

Sec. 321. (a) The transmitting set in a radio station on shipboard
may be adjusted in such a manner as to produce a maximum of
radiation, irrespective of the amount of interference which may thus
be caused, when such station is sending radio communications or
signals of distress and radio communication relating thereto.

(d) All radio stations, including Government stations and stations
on board foreign vessels when within the territorial waters of the
United States, shall give absolute priority to radio communications
or signals relating to ships in distress; shall cease all sending on fre-
quencies which will interfere with hearing a radio communication or
signal of distress, and, except when engaged in answering or aiding
the ship in distress, shall refrain from sending any radio communica-
tions or signals until there is assurance that no interference will be
caused with the radio communications or signals relating thereto, and
shall assist the vessel in distress, so far as possible, by complying with
its instructions.

Sec. 322. Every land station open to general public service
between the coast and vessels or aircraft at sea shall, within the scope
of its normal operations, be bound to exchange radio communications
or signals with any ship or aircraft station at sea; and each station
on shipboard or aircraft at sea shall, within the scope of its normal
operations, be bound to exchange radio communications or signals
with any other station on shipboard or aircraft at sea or with any
land station open to general public service between the coast and
vessels or aircraft at sea: Provided, That such exchange of radic
communication shall be without distinction as to radio systems o1
instruments adopted by each station.

Sec. 325. (a) No person within the jurisdiction of the United
States shall knowingly utter or transmit, or cause to be uttered o1
transmitted, any false or fraudulent signal of distress, or communica-
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tion relating thereto, nor shall any broadcasting station rebroadeast
the program or any part thereof of another broadcasting station
without the express authority of the originating station.

SEc. 326. Nothing in this Act shall be understood or construed to
give the Commission the power of censorship over the radio com-
munications or signals transmitted by any radio station, and no
regulation or condition shall be promulgated or fixed by the Com-
mission which shall interfere with the right of free speech by means
of radio communication. No person within the jurisdiction of the
United States shall utter any obscene, indecent, or profane language
by means of radio communication.

Sec. 358. The radio installation, the operators, the regulation of
their watches, the transmission and receipt of messages, and the radio
service of the ship except as they may be regulated by law or inter-
national agreement, or by rules and regulations made in pursuance
thereof, shall in the case of a ship of the United States be under the
supreme control of the master.

Sec. 501.  Any person who willfully and knowingly does or causes
or suffers to be done any act, matter, or thing, in this Act prohibited
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 willfully and knowingly causes or suffers such omission or failure,
shall, upon conviction thereof, be punished for such offense, for which
no penalty (other than a forfeiture) is provided herein, by a fine of
not more than $10,000 or by imprisonment for a term of not more
than two years, or both.

Skc. 502. 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
for each and every day during which such offense occurs.

SEc. 605. No person receiving or assisting in receiving, or trans-
mitting, or assisting in transmitting, any interstate or foreign com-
munication by wire or radio shall divulge or publish the existence,
contents, substance, purport, effect, or meaning thereof, except
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through authorized channels of transmission or reception, to any
person other than the addressee, his agent, or attorney, or to a person
employed or authorized to forward such communication to its
destination, or to proper accounting or distributing officers of the
various communicating centers over which the communication may
be passed, or to the master of a ship under whom he is serving, or in
response to a subpena issued by a court of competent jurisdiction, or
on demand of other lawful authority; and no person not being
authorized by the sender shall intercept any communication and
divulge or publish the existence, contents, substance, purport, effect,
or meaning of such intercepted communication to any person; and no
person not being entitled thereto shall receive or assist in receiving
any interstate or foreign communication by wire or radio and use
the same or any information therein contained for his own benefit or
for the benefit of another not entitled thereto; and no person hav-
ing received such intercepted communication or having become
acquainted with the contents, substance, purport, effect, or meaning
of the same or any part thereof, knowing that such information was
80 obtained, shall divulge or publish the existence, contents, sub-
stance, purport, effect, or meaning of the same or any part thereof,
or use the same or any information therein contained for his own
benefit or for the benefit of another not entitled thereto: Provided,
That this section shall not apply to the receiving, divulging, publish-
ing, or utilizing the contents of any radio communication broadcast,
or transmitted by amateurs or others for the use of the general public,
or relating to ships in distress.

INTERNATIONAL TELECOMMUNICATION CONVENTION,
MADRID, 1932

ARTICLE 24

§1. The contracting governments agree to take all the measures
possible, compatible with the system of telecommunication used, with
a view to insuring the secrecy of international correspondence.

ARTICLE 34

§1. Stations carrying on radio communications in the mobile
service shall be bound, within the scope of their normal operation,
to exchange radio communications with one another irrespective of
the radio system they have adopted.
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ARrTICLE 35

§1. All stations, regardless of their purpose, must, so far as possible,
be established and operated in such a manner as not to interfere with
the radio services or communications of either the other contracting
governments, or the private operating agencies recognized by these
contracting governments and of other duly authorized operating
agencies which carry on radio-communieation service.

ARTICLE 36

Stations participating in the mobile service shall be obliged to
accept, with absolute priority, distress calls and messages regardless
of their origin, to reply in the same manner to such messages, and
immediately to take such action in regard thereto as they may
require.

ARTICLE 37

The contracting governments agree to take the steps required to
prevent the transmission or the putting into circulation of false or
deceptive distress signals or distress calls, and the use, by a station,
of call signals which have not been regularly assigned to it.

GENERAL RADIO REGULATIONS (CAIRO REVISION, 1938)

Annexed to the International Telecommunications Convention
(Madrid 1932)

ARTICLE 2

44 The administrations agree to take the necessary measures to
prohibit and prevent:

45 (a) the unauthorized interception of radio communications
not intended for the general use of the public;

46 (b) the divulging of the contents or of the mere existence, the
publication or any use whatever, without authorization, of the radio
communication mentioned in No. 45.

ARTICLE 3

47 §1. (1) No transmitting station may be established or operated
by any person or by any enterprise whatever without a special license
issued by the government of the country to which the station in
question is subject.
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ARTICLE 6

69 §1. The waves emitted by a station must be kept on the
authorized frequency as exactly as the state of the art permits, and
their radiation must be as free as practically possible from all emis-
sions not essential to the type of communiecation carried on.

71 §2. (1) The state of the art in the various cases of operation is
defined in appendixes 1, 2, and 3, concerning the exactitude of the
frequency, the level of harmonics, and the width of the frequency
band occupied.

76 §3. (1) The administrations shall frequently check the waves
emitted by the stations under their jurisdiction to determine whether
or not they comply with the provisions of the present Regulations.

ARTICLE 9

203 §2. The frequency of emission of mobile stations shall be
verified as often as possible by the inspection service to which they
are subject.

ArTicLE 11

276  §1. The radio service of a mobile station shall be placed under
the supreme authority of the master or the person responsible for
the ship, aircraft, or any other vehicle carrying the mobile station.

278 §3. The master or responsible person as well as any persons
who may have knowledge of the text or simply the existence of radio-
telegrams, or of any information acquired by means of the radio
service, shall be bound by the obligation to observe and insure the
secrecy of the correspondence.

ARTICLE 12

279 §1. (1) The competent governments or administrations of
countries, where a mobile station calls, may demand the production
of the license. The operator of the mobile station or the person
responsible for the station must submit to this verification. The
license must be kept in such a way that it may be furnished without
delay. However, the production of the license may be replaced by
a permanent posting in the station, of a copy of the license certified
by the authority which has granted it.
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ARTICLE 17

374 §2. (1) Before transmitting, any station must keep watch
over a sufficient interval to assure itself that it will cause no harmful
interference with the transmissions being made within its range; if
such interference is likely, the station shall await the first stop in the
transmission which it may disturb.

ARTICLE 22

525 §1. (1) The transmission of unnecessary or unidentified
signals or correspondence shall be forbidden to all stations.

527 (2) Tests and experiments shall be permitted in mobile
stations if they do not interfere with the service of other stations.
As for stations other than mobile stations, each administration shall
judge, before authorizing them, whether or not the proposed tests or
experiments are likely to interfere with the service of other stations.

ARTICLE 24

542 1. No provision of these Regulations shall prevent a mobile
station in distress from using any means available to it for drawing
attention, signalling its position, and obtaining help.

548 3. (2) Aircraft. Any aircraft in distress must transmit the
distress call on the watching-wave of the land or mobile stations
capable of helping it; when the call is addressed to stations of the
maritime service, the waves to be used are the distress-wave or
watching-wave of these stations.

549 §4. (1) In radiotelegraphy, the distress signal shall consist of
the group ...____ __ ..., transmitted as one signal, in which the
dashes must be emphasized so as to be distinguished clearly from the
dots.

550 In radiotelephony, the distress signal shall consist of the
spoken expression Mayday (corresponding to the French pronuncia-
tion of the expression ‘“‘m’aidez’’).

851 (2) These distress signals shall announce 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.

555 §5. (4) This call shall have absolute priority over other
transmissions. All stations hearing it must immediately cease all
transmission capable of interfering with the distress traffic and must
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listen on the wave used for the distress call. This call must not be
sent to any particular station and shall not require an acknowledg-
ment of receipt.

556 §6. (1) The distress call must be followed as soon as possible
by the distress message. This message shall include the distress call
followed by the name of the ship, aireraft, or the vehicle in distress,
information regarding the position of the latter, the nature of the
help requested, and any other further information which might
facilitate this assistance.

557 (2) When, in its distress message, an aircraft is unable to
signal its position, it shall endeavor after the transmission of the
incomplete message to send its call signal long enough so that the
radio direction-finding stations may determine its position.

558 §7. (1) As a general rule, a ship or aircraft at sea shall signal
its position in latitude and longitude (Greenwich) using figures, for
the degrees and minutes, accompanied by one of the words North or
South and one of the words East or West. . A period shall separate
the degrees from the minutes. In some cases, the true bearings and
the distance in nautical miles from some known geographical point.
may be given.

560 (3) As a general rule, an aircraft flying over land shall signal
its position by the name of the nearest locality, its approximate dis-
tance from this point, accompanied, according to the case, by one of
the words North, South, East, or West, or, in some cases, words
indicating intermediate directions.

561 §8. The distress call and message shall be sent only by
order of the master or person responsible for the ship, aireraft, or other
vehicle carrying the mobile station.

569 §11. (1) 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 (see Nos. 587,
588, and 589). 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 (for mobile stations, see No. 276), taking care not to interfere
with the transmission of the acknowledgment of the receipt of said
message by other stations.

570 (2) Stations of the mobile service which receive a distress
message from a mobile station which unquestionably is not in their
vicinity, must wait a short period of time before acknowledging
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receipt thereof, in order to make it possible for stations nearer to the
mobile station in distress to answer and acknowledge receipt without
interference.

573 §14. The control of distress traffic shall devolve upon the
mobile station in distress or upon the mobile station which, by
application of the provisions of No. 567, has sent the distress call.
These stations may delegate the control of the distress traffic to
another station.

604 §22. (2) In radiotelephony the urgent signal shall consist of
three transmissions of the expression PAN (corresponding to the
French pronunciation of the word “‘panne’’); it shall be transmitted
before the call.

605 (3) The urgent signal 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.

606 (4) In the aeronautical service, the urgent signal PAN shall
be used in radiotelegraphy and in radiotelephony to indicate that
the aircraft transmitting it is in trouble and is forced to land, but
that it is not in need of immediate help. This signal should, so far
as possible, be followed by a message giving additional information.

607 (5) The urgent signal shall have priority over all other com-
munications, except distress communications, and all mobile or land
stations hearing it must take care not to interfere with the trans-
mission of the message which follows the urgent signal.

608 (6) In case the urgent signal is used by a mobile station, this
signal must, as a general rule, subject to the provisions of No. 606, be
addressed to a definite station.

612 §25. (1) The urgent signal may be transmitted only with the
authorization of the master or of the person responsible for the ship,
aircraft, or any other vehicle carrying the mobile station.

613 (2) In the case of a land station, the urgent signal may be
transmitted only with the approval of the responsible authority.

615 §26. (1) In radiotelegraphy, the safety signal shall consist
of the group TTT, transmitted three times, with the letters of each
group, as well as the consecutive groups, well separated. This
signal shall be followed by the word DE and three transmissions of
the call signal of the station sending it. It announces that this
station is about to transmit a message concerning the safety of
navigation or giving important meteorological warnings.
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616 (2) In radiotelephony, the word Security (corresponding to
the French pronunciation of the word “sécurité”) repeated three
times, shall be used as the safety signal.

619 §28. (2) All stations hearing the safety signal must continue
listening on the wave on which the safety signal has been sent until
the message so announced has been completed; they must moreover
keep silence on all waves likely to interfere with the message.

ARTICLE 26

Order of Priority of Communications in the Mobile Service

653. The order of priority of radio communications in the mobile
service 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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A

“A” battery, 85
Abbreviations, message, 419-421,
486-490
Absorption, wavemeter, 164, 335
Advanced bearing, 503
Aeronautical (see Aircraft)
Aerophare, 457
Aircraft radio, 427-511
distress frequencies, 434
navigation problems, 505-511
operating frequencies, 492-494
procedures, 480-505
regulations and treaty, 427-442
terms, 482, 483
theory, 442-480
Alternating current, ammeter, 68—
70, 72
generators, 63, 398-400
problems, 102-106, 512-517
rectifiers, 65-67, 72
Ammeter, alternating current, 68~
70, 72
connections, 72, 100
radio frequency, 68, 72
shunts, 73, 74
voltmeter, 70, 71, 73
Ampere turns, 25, 266
Amplification factor, 405
Amplifier, buffer, 99, 119, 304
class A, 56, 301
class B, 140
class C, 57
direct coupled, 143
distortion, 138, 377

Amplifier, efficiency, 139

frequency doubling, 42, 43, 57,
119

grid bias, 56

grounded grid, 235

impedance coupled, 38

Loftin-White, 143

microphone, 108

MOPA, 120

neutralization, 93, 94, 102, 13y

power, 116, 117

resistance coupled, 37

transformer coupled, 37, 38

troubles, 168

Antennas, Adcock type, 446

aircraft, 453, 454, 460, 472, 473

auxiliary, receiving, 358, 411

directional, characteristics
81, 88, 158, 499

dummy, 123, 378

grounding of, 243

Hertz type of, 81, 117, 172

high gain, 246, 264

loop, 359, 443-450, 499

polarization effects of, 158, 159

power output of, 345

protection of, against lightning,
242

receiving tvpes of, 158

resonant frequency of, 81, 350

sense, 445, 4909

shipboard, installation, 411

swinging, 286

top-loaded, 242

tower spacing of, 244

voltage distribution in, 172, 381

of,
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Approach control, 480-482

Arc generator, 298, 299, 362, 363

Aspect ratio, 262, 263

Audio-frequency amplifier, 36-38

Auto alarm, 371, 375, 376, 390,
394, 396, 425

Autosyn, 447

AVC, 244, 285

B

“B” battery, 85, 401
Band width, effect of code speed
on, 330, 347
Battery, A-B-C types of, 85
charger, 321
current capacity, 19
Edison type, 59-61, 294, 367
lead cell type, 59, 75, 294, 102
primary, 59, 60
(See also Storage batteries)
Beacon, radio, 1457, 490
Beam power tube, 152, 328, 304
Bearing, 502
Beat frequency, oscillator, 92, 214,
204
resultant effects of, 98, 213
Bias, calculation of, grid, 58
methods, 95
Blanking pulses, 261
Bleeder resistance, purpose of, 68,
130, 154, 293
Break-in, relay, 333, 358
Buffer amplifier, 304
By-pass condenser, 138

C

“(C" battery, 85

C/L Ratio, 99

Cable count, 421-423

Capacitance, charge stored in, 21
factors affecting, 20, 21, 28

Capacitance, problems 28, 29, 518,
519
unit of, 22
Carbon file, 450
Carrier shift, causes of 110, 122,
196, 197, 286, 311, 352
indicator, 193
permissible, 245
Cathode bias, 394
Cavity resonator, 166
Cells (see Battery)
Center frequency, 263
Characteristic impedance, 239-241
Choke coil, iron core, 128, 289
modulator, 350
radio frequency, 116, 156
shorted, radio frequency, 152
swinging type of, 130, 290
Circuit breakers, operation of, 452
Class A amplifier, 93, 138, 301
B amplifier, 93, 278, 279, 303
C amplifier, 57, 93, 215, 228,
236, 279, 280, 302, 303
Code, band-width, 330
Cold cathode, rectifier, 370
regulator, 322
Compass, deviation of, 505
error, 503
Flux Gate, 474-477
heading, 502
Condenser, by-pass, 138
connections, 131
electrolytic, testing of, 89
use of, 130, 293
problems, 28, 29, 518, 519
voltage ratings, 293
(See also Capacitance)
Jonductance, definition of, 24, 234
problem, 96
Conductors, factors
resistance of, 20
Cone of silence, 465
Consol system, aircraft, 479

determining
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Coulomb, definition of, 25
Coupling, antenna, systems, 39,
117, 191
capacitive, svstem, 142
excessive, 311, 379
feed-back, 120
interstage, 40
link, 58, 117
oscillator, 97, 98
unity, 142
Crystal, cleaning agent, 295
detectors, operation of, 82, 83
filter, 285, 325
microphone, 111
oscillators, 36, 132~134, 203, 204
substance used in detector, 281
temperature, coeflicient of, 87,
132, 133, 245, 296
Current flow, eleetrie, in cells, 18

D

Decibel, definition of, 24, 25
problems, 194, 1935, 108, 218,
219, 409, 522
Decoupling, network, 304, 395
Detection, erystal, 82, 83, 281
diode, 52, 55, 357
F)M, 246
grid leak, 41, 52, 54-56, 276, 277
oscillator, 114
plate, 41, 116
power, 52, 53, 55
regenerative, 42, 114
Deviation ratio, 162
Dielectrie, charge in, 28
constant, 19
materials, 19, 21
Diode (see Detection)
Direction finder (see Toop an-
tennas)
Directional antennas, 81, 88, 354
Diseriminator, 246

by}

[ols]

Distortion, amplifier, 121
Doherty amplifier, 241, 242
Dummy antenna, purpose of, 123,
378
Dynamic instability, 110, 122
Dynamotor, construction of, 167
operation of, 167
use of, 342, 343
Dynatron oseillator, 132, 135

E

Eddy currents, 338
Efficiency, definition of, 88
of vacuum tube amplifiers, 93,
201
Electrolyte, 266, 367, 368
Electrolytic condenser, 130, 202
Electromagnetic components, 266,
267
Electromotive force, amplitude of,
18
induced, 18
methods of generating, 18
Electron, definition of, 85
flow in plate circuit, 94
Electron-coupled oscillator, 35, 229
Electrostatic shield, 188
“MF (see Electromotive force)
Emission, types of, 147, 148, 313,
347
Energy, definition of, 84
problems, 154
stored in 2 magnetic field, 103, 104
Equalizer, 189, 190

F

FCGC Rules and Regulations (see
Radio laws)
Feedback, degenerative, 189, 234
regenerative, effects of, 42, 114
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Field frequency, 263
Field strength, factors affecting,
21, 198
measurement of, 199, 241, 410
Filament, center tap connection,
151, 324
construction of, 94, 275, 276
power supply, 53, 54
reactivation, 276
subnormal, emission, 122
Filters, comparison of, 128, 129,
369
crystal, 325
key, 289
low-pass, 209, 290
operation of, power
156, 157, 289
voltage regulation of, 125, 204,
210
Fix, direction finder, 424, 497,
498, 500
instantaneous, 496
Loran, 416
running, 496
Flux Gate compass, 474-477
Fly-wheel effect, 273, 274
Frequency, doubling, 42, 43, 57,
119, 249, 280, 287, 299, 330, 380
formulas, 30, 31, 362
frame, 262
generator, 362
measurements, 228, 229
meter, 137, 214
modulation, 151, 159-162, 194,
246-250, 253-257
shift, 110, 122, 333
tolerances, 225, 263, 265, 376

supply,

G

Generators, 63, 398-400
frequency of, alternating cur-
rent, 362

Generators, hunting in, 366
Getter, definition of, 92
GMT, time differences, 383, 419
Great cirele, 504
Grid, bias, 58, 95, 120, 154, 281
control, 280
grounded, amplifier, 236
leak resistance, 154, 276, 329
Grounded grid, amplifier, 235, 236

H

Harmonie, definition of, 83
radiation, 333
reduction of, energy, 121, 139,
307, 334
suppression circuit, 198, 199, 522
Headphones, impedance of, 281
permanent magnets in, 312
Heising modulation, 350
Hertz antenna, 81, 117, 172
Heterodyne, frequency meter, 214,
295
Horizontal polarization, 158
Hunting, 366, 447
Hysteresis losses, 291, 338

I

Image frequency, 115, 285
Impedance, matching, 80 .
problems, 96, 181, 185, 216, 239,
339, 340
Inductance, definition of, 25
effect of iron core in, 29, 128
problems, 273
shorted turns in, 29, 112
unit of, 23
Induction motor, 232, 399
Inductive reactance, 105, 156, 343
Instruments, alternating current,
69-71, 84, 344
connecting of, 11, 72
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Instruments, D’Arsonval type, 68,
69
dynamometer type, 71
FCC requirements for, 245
milliammeter, 73
ohmmeter, simple, 164
problems relating to, 237, 267,
515
protection of, 289
repulsion type, 76, 71
resistance measuring, 22, 24
shunts for, 73
thermocouple type, 68, 72, 324,
344
voltmeter type, 70, 71, 73, 84,
238
wattmeter type, 69, 84, 345
Insulators, guy wire, 166
material used in, 20, 82
Interference, ignition, 167
reduction of, radio receivers,
163, 167, 354, 357
Interlacing, 259
Inverse feedback, 189, 234
Inverse peak voltage, 200
Ion, definition of, 85
Isolation amplifier, aircraft, 470

K

Keying, filter, 289
frequency shift, 333
transmitter, 308-310, 382
Klystron, applications of, 336
frequency range of, oscillator,
166, 335

Il

Laws (see Radio laws)
Lecher wires, 165

Limiter, 215, 251, 253
Link, coupling, 58, 117, 308

Loftin-White direct-coupled am-
plifier, 143

Loop antennas, aireraft, 443-449
antenna effect in, 374
construction of, 423, 424
directional pattern of, 359, 373
night effect in, 494
sense antenna, in

with, 373, 374

shielding of, 374

Loran, 415-419, 477, 478

connection

M

Magnetic bearing, 502
Magnetic field, effects, 21, 22
(See also Field strength)
Magnetism, residual, 23, 267
Magnetron, applications, 336
frequency range of, 166, 335
Marker, bone-shaped, 462
fan-shaped, 462, 484
Z, 461, 462
Mercator bearing, 502, 504
Meters (see Instruments)
Microphone, carbon, 79, 80, 111,
190
circuit arrangement, 45
crystal, 111
high impedance, 351
specch amplifier, 351, 352
Milliammeter, 73, 165
Mixer tube, 283
Modulation, amplitude, 86, 107,
113, 151
class B, 112, 192, 194
comparison of, systems, 348
envelope, 108
frequency, 151, 159-162, 194,
247
grid, 110, 191
Heising system of, 349, 350
high level, 110, 225, 349, 378
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Modulation, high percentage, 112

index, 162

low level, 111, 194, 225, 379

over, effects of, 113, 205

percentage, in FM, 246-250,
265

power, 152, 155, 193, 197, 205,
206, 226, 251, 346, 353

reactance tube, 249, 253

unsymmetrical, 243

Operational procedures, aireraft,
480-504

Oscillator, Armstrong, 33, 35, 94
audio-frequency, 171
beat frequency, 92, 98, 114
cavity, 166
Colpitts, 34, 120
crystal, 36, 132-134, 203, 204,

295, 365

dynatron, 132, 288, 297, 306

Monitor, picture tube, 258
MOPA, block diagram of, trans-
mitter, 330
troubles in, transmitter, 379
Motors, care of, 126
characteristics of, 63, 126, 127,
232, 366, 397400
direct current, 63, 64, 397 P
induction, 232
problems, 342, 512
sparking in, 64
speed of, 64, 233
starting resistors in, 127
svnchronous, 64, 513
troubles in, 126, 292
Multivibrator, 135, 136, 212, 213,
234, 207, 411
Mutual conductance, 234, 235, 405

electron coupled, 35, 229, 298
Hartley, 32, 120

MOPA, 285, 365

Pierce, 329

stability, 97, 98

tuned-plate tuned-grid, 32, 33

Pads, purpose of, 188

Parallel, resistances in, 340
resonance, 340

Parasitic oscillations, 120, 121, 381

Peak, power, 353

Permeability, definition of, 22, 338

Phase angle, 102, 231, 272

Phase monitor, purpose of, 213, 214

Pi network, 199, 394

Pierce oscillator, 329

N Pitch, musical, 88

Plate resistance, 405

Polarization, 60
horizontal and vertical, 158, 442

Potential, difference of, 18

Power, amplifier, 140, 198
calculation of, 19, 30, 31, 100,

345

0 definition of, 84

dissipation, 19, 26

factor, 24, 103, 156, 231, 272, 401

Navigation, aireraft, 505
Neutralization, eapacity, 102, 305,
313, 395
circuits for, capacity, 40
testing, 139, 141, 287, 288

Ocean station vessel, 490, 491

Ohmmeter, simple, 164 filter, 156
Ohms law, 25, 26, 31, 96 output, wmodulator, 112, 152,

Omnirange, 458 205, 251, 346
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Power, problems, 27, 28, 152, 155,
195, 197, 200, 202 , 267-270
supply, operation of vacuum
tube, 156, 157, 172
Preamplifier, 137, 188
Precipitation static, 454, 455
Preheating, mercury vapor tube,
323
Problems, antenna, 239-241, 243,
252, 260, 521-527
battery, 323, 516
condenser, 187, 514, 518, 519
cryvstal oscillator, 312, 529
decibel, 194, 195, 198, 523-533
field strength, 410, 525-528
frequency doubler, 249
generator, 512-514
heterodyne frequency meter, 528
impedance, 181-183, 186, 239-
241, 521
Loran, 538
meter, 515, 516
modulator, 532
motor, 342, 367, 400, 512
mutual inductance, 181
power, 27, 28, 152, 155, 195,
197, 200, 202, 267-270, 521,
532
radar, 414, 415, 534-536
reactance, 184, 404
relay, 332
resonant frequency, 187, 404,
519, 520
storage battery, 368, 516
superheterodyne, 532
transformer, 513, 514
transmission line, 239-241, 251,
413, 520, 534
vacuum tube, 58, 313, 376, 377,
516, 517
voltage divider, 514, 515
wavemeter, 528, 530
Pulse, blanking, 261

Pulse, radar, 414-416
syne, 260
Push-pull, advantages of, am-
plification, 138, 278, 301, 394
radio frequency, amplifier, 118

Q

Q, definition of, cireuit, 230, 339
Q signals, 390, 485-490
Quadrantal error, 442, 445
Quarter-wave transmission line, 240
Quartz crystal (see Crystal)

R

Racon, 457
Radar, antenna, speed of, 413
beacons, 480
block diagram of, system, 415
problems, 413, 534
reduction of, sea return, 413
velocity of, waves, 414
Radiation resistance, 105
Radio frequency, ammeter, 68, 72
amplifier, neutralizing of, 102,
139, 141, 287
atmospheric effects on, waves, 86
choke coll, 116, 156
excitation, 151, 287
interference, 79
speetrum, 86
waves, velocity of, 80, 414
Radio laws, aircraft, 146-149, 178,
179, 427-412
hasie, 1-17
broadeasting, 219-220, 254-257
general, 143-151, 173179, 263~
265, 313-319, 337, 383-393,
425, 426
marine, 371-373, 383-393, 425,
426
television broadeast, 265
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Radio range, 456, 458, 461, 464—
468
Radio receivers, adjustment of, 91
aireraft, 459
AVCin, 115
comparison of, sensitivity in,
74
double detection type, 91, 326
frequency modulation type, 159,
160, 247, 253
image frequency in, 115
interference in, reduction of,
163, 167
Loran, 417, 538
low sensitivity in, 74
regenerative type, 90, 353-356
static response in, 87
superheterodyne, 90, 326
superregenerative, 283
squelch circuit in, 163
troubles in, 74, 114, 115, 284, 378
tuned radio frequency type of,
90, 114, 170, 283
Ratio detector, 250
Reactance, capacitive, 103, 181
inductive, 104, 156, 181
Rectifiers, arcback in, 208
bridge type, 207
cold cathode type, 322, 370
comparison of, 67, 124, 127, 370
copper oxide, 72, 325
crystal, 82, 83
glow discharge type, 322
inverse peak voltages in, 209
mercury vapor, 66, 67
ripple frequency in, 287
synchronous, 125, 172
trouble in, 131, 232
Regenerative feedback, 114
Regulation, power supply, 322
voltage, 125, 129, 322, 343, 450
Regulation and treaty, aireraft,
127-442

Relative bearing, 502
Relay, antenna, changeover, 473
contacts, 82
Reluctance, 30
Residual magnetism, 23, 267
Resistance, bleeder, 68, 180, 154,
293 N
changes, 82
factors determining, 19, 20
grid bias, 58, 95, 120, 154
measurements, 23
multiplier, 73
power dissipation in, 19
problems, 23, 26, 232, 268-270,
514-516
Resonant frequency, formula for,
30, 31
cffect on, adding inductance, 80
adding eapacitance, 80, 339
series, problem, 106
Rhumb line, 502
Rules and regulations (see Radio
laws)

S

Safety, precautions for, 96, 97

Scanning, 258, 259

Screen grid, purpose of, 280

Sense antenna, 445

SHF, 86

Shielding, purpose of, 114, 121,
236, 274, 305, 307, 341, 374

Shock excitation, 287

Side bands, power in, 197, 198

vestigial, 263

Simplex operation, 494

Sine wave, 100

Skin effect, 105

Slip, 232, 233

Soldering flux, 83

Sound, definition of, 88

Spark transmitter, 209, 361, 407 -
409
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Specific gravity, 60, 85
Split tuning, 360
Squelch circuit, function of, 163
St. Elmo’s fire, 456
S-T station, 264, 265
Storage batteries, 59-62, 75-78,
204, 367, 402, 403
care of, 76, 77, 294, 368
charging, 61, 62, 274, 367, 403
chemicals in, 59, 60
corrosion in, 78
discharge of, 61, 62, 78
Edison-type, 59, 61, 294, 367
clectrolytes used in, 85, 294
problems relating to, 368, 516
Superheterodyne receiver, 90, 115,
169, 282, 326, 327, 405, 406,
531
Superregeneration, 283
Swinging choke, purpose of, 130,
290 ,
Sync pulses, 260
Synchronous rectifier, 125

T

Telephones, high resistance type
of, 79
polarity observation with, 79
Television, 258-265
Temperature, coefficient of, 132,
134, 213
controlled oscillator, 204, 213,
245, 296, 297
operating, in mercury
tubes, 211
Thermocouple meter, 68, 72, 324,
344
Thyratron, 153
Time constant, 230, 231, 404
Time delay relay, purpose of, 211
Time signals, 492
Top-loaded antennas, 242

vapor

Track, 502
Traflic, aircraft, procedures for,
480-505
marine, procedures for, 419-426
Transformer, connections for, 156,
184, 401
core, 291
delta-wye type, 156, 185
efficiency, 274
grounding of, case, 341, 342
losses, 184, 201
modulation, 112
problems, 184, 274, 201, 513,
514
turns ratio, 341
Transmission line, coupling Sys-
tem, 199
impedance, 239-241
problems, 239-241, 251, 521-
523
quarter wave, 240, 521
Transmitter, aircraft, 471
are, 298, 299, 362, 363
comparison of, tube spark, 364
frequency modulation, 246-250,
331
MOPA, 330
pre-emphasis in, FM, 247
self-rectified, 364, 365
spark, 299, 361
tuning, precautions in, 288
TRF receiver, 170
True bearing, 502
True course, 502
Tungar-rectigon gas-filled
153, 321
Twilight zone, 465

tube,

U
UHF, 86
Units, capacitance, 22, 88
conductance, 23
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Units, clectrieal power, 23
inductance, 23
resistance, 23

A

Vacuum tube, amplification of, 50,
92, 517
heam type of, 152
blue haze in, 130
characteristics, 49, 50, 52, 101,
152, 153, 286, 395
construction and comparison of,
45-48, 51, 328

defects in, 122, 290
filament reactivation of, 153
getter in, 92
load, 50
maximum plate dissipation in, 50
oscillator, 94
overheating in, 123
plate saturation of, 51
problems, 58, 313, 517, 535
rectifiers, 65-67, 153
secondary emission in, 235
voltage gain, 50

Velocity of radio waves, 80, 81

Voltage, doubler, 233
gain, calculation of, 218
regulation of, 125, 129, 322, 343
Vertical polarization, 158
Vestigial-side-band, 263
VHF, 86
Vibrator, rectifier, 172
Video (see Television)
VLF, 86
Voltmeter conneetions, 72, 100

w

Wattmeter, 69
Wave, damped, 83
radar, 414
sawtooth, 262
sound, 393
trap, 91, 169, 354
Wave guides, 166
Wavelength, 89
Wavemeter, 136, 164, 295, 335, 530

Z

Z marker, 461, 162
Zero-beat, 136, 230, 294
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