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PREFACE TO THE TENTH EDITION

This new edition 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
mare 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 engincering staff of the
Cleveland Institute of Radio Electronics, and to Mr. Alex
McKenzie of the Electronies staff of the MeGraw-Hill Pub-
lishing Company 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-Pioneer Division (Bendix) Teter-
boro, New Jersey; Federal Telecommunication Laboratories,
Inc.,, Nutley, New Jersey; Collins Radio Company, Cedar
Rapids, Towa, and the Sperry Gyroscope Company, Great
Neck, New York.

J. L. HorNUNG

VALLEY StrEAM, N.Y.
December, 1949
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PREFACE TO THE NINTH 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-
broadcast operation, technical-broadcast 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 broadcast stations.

The author wishes to acknowledge with gratitude the valu-
able suggestions given by the engineering staff of the Cleveland
Institute of Radio Electronics and the Walter Hervey 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 & nominal cost,
J. L. HorNUNG
VarLey 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 Communications
Commission. 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.
Tt 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

xi
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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 questlons in the FCC’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
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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 is 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, aircraft, or other vehicle carrying
the station which intervenes belicves 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: ‘

1 In the government publication, ‘“Study Guide and Reference 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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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
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BASIC RADIO LAWS Element 1

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

Ques. 101.06. 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 licensee—

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
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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.
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BASIC RADIO LAWS Element 1

Stations in the mobile service shall be obliged to accept, with
absclute 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?

Ams.  (See answer to Ques. 111.04.)

Ques. 121.01. What communication's, 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 be
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
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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 both.

Ques. 121.05. 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?

WAL amekicanradiahicton, oo
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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 aircraft sta-
tion at sea; and each station on shipboard or aircraft at sea
shall, within the scepe 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: ProvipEDp, 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. 131.05. 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



www.americanradiohistory.com

EADIO 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. 141.05. 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
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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 aircraft, 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 50 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
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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. 151.01. 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, aireraft, 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. 161.03. 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
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Ques. 151.04. 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. 1651.05. What does the interception of the word
MAYDAY transmitted by telephony announce?

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

Ques. 151.06. 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
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Ques. 1561.08. 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 loecality, its
approximate distance 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.

Ques. 151.09. 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 aireraft is unable to
signal its position, it shall endeavor after the transmission of
the incomplete message to send its eall 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
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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. 161.06. Within what period of time must any person
receiving official notice of a violation of the terms of the Com-

13
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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 scrviee 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 econcerned.

14
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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. 171.05. 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.

15
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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: Provioep, 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 eclaim 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. 181.05. 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. 191.05. By whom may the log of a radio station be
kept?

Ans. FEach 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.
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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 Dbattery (chemical), generator
(mechanical) photoelectric 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.
E2
B’

Power = I?R; 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 area
and consequently its capacity.

20
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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.

Amns.
(1) Q=cE, B=%
1 _&

(2) W = 5 CE: = o0
where C is in farads.

E in volts.

@ 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
approzimately reestablish the original conditions.

Ques. 2.20. How will a magnetic compass be affected
wher. 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 eoil.

21
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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 H. 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?

Ans. The ohm (R).

Ques. 2.25. Explain the meaning of the prefix in ‘“‘micro-
microfarad.”

Ans. The prefix ‘““micromicro’” means one-trillionth, or
1012
Ques. 2.26. What is the unit of capacitance?

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

Ques. 2.27. What single instrument may be used to

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

E, - E,

R = T X Rm,
where E; is the voltage without the unknown resistor in the
circuit.
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
whieh 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 yg,

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) (10—3 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 gpg-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:

Power factor = cos 0 = P - _ Gl el
EI ~ apparent 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 (1M Q) = 1,000,000 ohms
(.

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.”
) 24
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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-
trieal 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:

P E I
db = 10 logso Eli db = 20 logyo Ei; db = 20 logio I—;

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 p Jerty of a coil greircuit to
store up energy in an electroma, neti¢ form. The inductance
of a coil or circuit 18 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 p \ism iven
point in a@nductop in 1 second when 1 e is flowing is

called aF“'Cglm:’ One coulomb is also the amount of
electricify 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 =] X R; R=IE;

Py
I
= by

Ques. 2.43. State Ohm’s law.

Ans.  The current in an electrie circuit varies directly as the
e.m.f. producing it and 1nversely 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 5 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:

E 1
R—T—O—%—4ohms
Ques. 2.45. 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:
e.n.f. = 1 volt, B = 1 ohm; then the current flow 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

I =

ampere,

&l
IR

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:

Ques. 2.47. If resistors of 5, 3, and 16 ohms are connected
in parallel, what is the total resistance?
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Ans.  1.66 ohms, computed as follows:

R = 1 = 1 = i = 1.66 ohms.
S R S S S
R, R, R; 5 3 15

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 = VIZ 4/0.04 = 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-chm 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

= R2. (Let 12 = x)

2 = 1.

T

r 25 ’
z =025 =1,

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 14 ampere passmg
through it?
Ans.
Power = I’R watts
’ = (}4)* X 20
= 1{g X 20 = 1.25 watts.

|
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Ques. 2.51. If two 10-watt 500-chm resistors are connected
in parallel, what are the power dissipation capabilities of the
combination?

Ans. 20 watts.

Ques. 2.52. What is the formula used to determine the
total capacitance of three or more capacitances connected in
series?

Ans.
1
Cc=- —
1 1 1
& ST Ca
where C is in the same units, farads or mierofarads, as are used
to express Cy, C,, Cs, ete.

Ques. 2.53. If condensers of 1, 3, and 5 microfarads are
connected in parallel, what is the total capacitance?

Ans.
C=Ci4+0Ce+ C3 =1+ 3 45 = 9 microfarads,

Ques. 2.54. If condensers of 8, 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

48 a 1~ 0.676

P T — = 1.48 microfarads
1 1 1 1,1 1 '
oteate st3Tq

Ques. 2.656. 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. 2.56. Having available a number 6f condensers
rated at 400 volts and 2 microfarads each, how many of these

28

www.americanradiohistorvy com


www.americanradiohistory.com

BASIC THEORY AND PRACTICE Element 2

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-
viduaal 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 C; can be found by

Cl - E X '—CTl'

Ques. 2.58. What factors determine the charge stored in

a condenser?

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

Ques. 2.69. 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
acress the two condensers connected in parallel?

Ans.  62.5 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.
29
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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.
f —

1
—— cycles per second
2r A/ LC y ! ’
where L is in henrys.

(' 1s in farads.

Ques. 2.65. 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—ﬁ-
Hence,
2
P = % 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 = EJ watts.

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

Ans.
X = 3 X 108 _ 300,000 m
f1 f2

where fi = cycles, f» = kilocycles.

eters,

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

Ans. 800 kilocycles, computed according to the formula
= %; where v = velocity of radio wave, 3 X 10 meters per

seconds, X 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:

7, _E _E
BE=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.

See Iig. 2-1.

Ans.
8

Fia. 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.

i

(B)SHUNT—FED HARTLEY

{A) SERIES - FEDO HARTLEY
F1a. 2-2, Hartley oscillators.
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Ques. 2.73. Draw a simple schematic diégram showing a
tuned-grid Armstrong-type triode oscillator, with shunt-fed
plate. Indicate power-supply polarity.

Ans. See Fig. 2-3.

—J —/ 030 —

e
Fia. 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. 24,

F1G. 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
f"" STAGE

=

* QUARTZ
PLATE
= < = = R.F.C.
' - o+
l HV

Fig. 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
Yy

Fia. 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 Fig. 2-7.

3

1}

i
|

—iij

L

F1a. 2-7. Armstrong series-fed oscillator.

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

Ans. See Fig. 2-8.

1 I g
H T T.

F1a. 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

—

Frae. 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

al’ CONDENSER)

“HIGH IMPEDANCE
LOUDSPEAKER

5 b .
i o Ebb COUPLING IMPEDANCE
OR RESISTANCE

F1g. 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.

Fie. 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.

-

VWA

B'f -"‘? b

Fre. 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.

| |

+ = = +

= -8 8 8
Fia. 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.

———————

1

——i—

!

1 Y

| b

| f

= A

Lo - T 3
1 .o L
= ~8 8 = = 4

Fig. 2-14. Impedance coupling.
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Ques. 2.86. 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.

N.C. '
.
{
Cm
' 1
: =B+ -

WAGNETIC COUPLING,Lm ELEOTROSTATIO .COUPLING, Gm
F16. 2-15. Antenna coupling systems.

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 Fig. 2-16.

Fig. 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

- C

& = d--8 J+8

Fra, 2-17. Interstage coupling and neutralization.
DIODE

L
LN

E

m' Ques. 2.88. Drawasimple

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.

Fia. 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_

= =8 +B
Fia. 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.

lE_

= -8 +8

Fia. 2-20. Grid;leak detector.
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Ques. 2.91. Draw a simple schematic circuit of a regenera-
tive detector.

Ans. See Fig. 2-21.

INDUCTIVE OR TICKLER
ANTENNA / FEED BACK COiL

RADIO FREQUENCY
BY-PASS CONDENSEF

GRID LEAK

TELEPHONES
Ly CONDENSER FILAMENT
5 RHEOSTAT
2 = pLaTE
= SUPPLY.
il 5
G iy - '|
SECONDARY
CONDENSER E
ANTENNA SATTERY

.CONDENSER. :

I'te. 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-
3 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.

Fre. 2-23. Ans. Sece 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. Fio. 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.
Fia. 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.

I

Fi1a. 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 é
BUTTON
CARBON |||||__so“\”:°"
MICROPHONE

BATTERY
Fia. 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
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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. TUnlike
. 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 neutralization.

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. “Electron 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
cyele. 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 i 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 ® mount of heat that can safely be accom-
modated at the plate without injury to the tube (e, X ).

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.
wRy

Voltage gain (triode) = TR
P o L
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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 A 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 screen grid, reduc-
ing plate current and limiting permissible plate swing.

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

Ans. “‘Plate saturation’ is thecondition 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 (gm)-

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

1
] 1 X Eq
CLASS C CLASS B CLASSA
WHEN AT 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.

F

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
diede 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 current 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. Hence, 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 is in 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 T2 drop across the grid leak, the average
grid voltage increases in a negative direction as the modulat
signial increases in amplitude. The average plate currefit
therefore decreases during these grid peak periods. If there-
for the input radic-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 A1) 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
L.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 incorrect 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
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to be used, the permissible swing of the alternating-current
component, and the second-harmonic content allowed are all a |
tactors 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. See 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 eircuit 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, = 150 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 voltage required)
I (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, PbOs.

Ques. 2.150. 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. 2.1561. 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. 2.152. 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. 2.153. 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 between 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. 2.165. 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. 2.156. 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 I?R 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. 2.1568. 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. 2.159. 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:
_w
T E

Ques. 2.161. What is the approximate fully charged voltage
of a lead-acid cell?

Ans. 210 volts.

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

I = % = 0.5 ampere.

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?

Ars. Inasmuch as the specifiec 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. Tt is obvious that the battery would then be in series
with the charging generator instead of being 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 varying the excitation
voltage through the medium of a variable rheostat (resistance)
in geries 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:
1. Overloaded.
Poor brush fitting or worn brush.
Open in armature circuit.
High commutator bar.
Dirty commutator.
Too rapid starting.
Brushes off neutral point.

NS o 0N

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 em.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. 2.175. 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 th2 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. Hence, 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 induection, which requires a changing magnetic
field to induce an electromotive force into its secondary
winding. Only a pulsating direct eurrent 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 direet 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 amplifier 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.

5. 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
drep 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. High-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 blecder as used in a tilter 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
colL
PERMANENT
MAGNET
THERMO- MAGNETIC
COUPLE CORE
_ -THERMAL
~ =" JUNCTION
——R— 25
T, 5
7

HEATER STRIP (RIBBON CONDUCTOR)
Fi1a. 2-29. Thermocouple type of meter.

The thermocouple ammeter consists of a sensitive millivolt-
meter or a D’Arsonval moving-coil (galvanometer) type of
meter. The thermocouple isconnected to the leads of the mov-
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ing coll through thespiral 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 (HEAVY WIRE)

/ //Tz MOVABLE

T ¥

SOURCE
A.C.

LOAO
OEVICE

[N S —

T3

=F

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

ment reads the true power EI power factor (cos 8) 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.  Tigure 2-31 illustrates the construction of a repulsion
or iron-vane type of meter.

MOVING VANE _ STATIONARY COIL

(SOFT IRON CYLINDER)

LSTATIONARY VANE {SOFT IRON VANE)
Fig. 2-31. Repulsion type of meter.

When a ceurrent 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 S8,
regardless of the direction of current flow. Hence the moving
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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 electrodynamometer 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

== STATIONARY
coILsS

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. 2.196. 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.
Thig 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:
= El%E? 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?

73



www.americanradiohistory.com

RADIO OPERATING QUESTIONS AND ANSWERS

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

_ Ruowr
(N -1

where NV is the multiphication factor.

R,

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-circuit
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 a 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 IR 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 eondition 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. 2.205. 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 be
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
electrolyte has been reduced below normal by evaporation.
Distilled water i1s 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. IKeep 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 eircuit.
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Another method to determine the polarity of the line is to
place the two wires about 14 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 al 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 1t 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-cell 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 eut out of the circuit by
disconnecting the lead-strap connectors and jumping the bad
cell. As soon as possible the bad cell 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.

o o

o
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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. 2.215. 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
1-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 carrect, this current will serve to demagnetize these magnets
and render the head telephones insensitive. On the other
hane, 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 = , [% (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 186,006
miles per second.

Ques. 2.226. 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 4.2 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 [ is the current
at the base of the antenna and E 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; i.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 crystal 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? )

Amns. 1In 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”?

Anms. 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. Tt 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 wail-second. Power is the rate
of doing work, or the rate at which energy is expended. The
practical unit is the walt.

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.
84
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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 electric 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?

Ams. 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.

Arn 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
filamants.
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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:

VHF (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. 2.2560. 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
bz completely blanketed during magnetic storms caused by
aurora borealis or sunspots.

Ques. 2.251. 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. 2.252. What type of radio receivers do not respond
to static interference?

Ans.  Receivers employing the principle of frequency
mocdulation.

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

Ans.  Crystal slabs cut from natural quartz.

Ques. 2.254. 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 erystal to its assigned value. This
is due to the fact tha certain types of crystals have a positive-
temperature coefficient while others have a negative tempera-
ture coefficient. (Ses also Ques. 3.110.)

Ques. 2.256. What is meant by ‘“negative temperature
coeflicient” of a quartz crystal when used in an oscillator?

Ans.  (See Ques. 3.113.)

Ques. 2.256. What is the seventh harmonic of 360 kilo-
cycles?

Ans. 2,520 kilocyeles.

Solution:
360 X 7 = 2,520.

Ques. 2.2567. 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.

b. Bidirectional characteristic in the vertical plane.

c. Bidirectional characteristic in the horizontal plane.

4. Bidirectional characteristic in the vertical plane.

e. Equidirectional characteristic in the horizontal plane.

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.
outpuf

; X 100.
input

Per cent efficiency (n) =

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

Ans. Sound is composed of mechanical 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 correct polarity must be observed, since the
electrolytic 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. (See 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, = W)Ul(ﬁ(_ﬁ = 108 cycles,
Wavelength (\) = J’é = ?&0,(;(())(:,00(! = 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

I

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

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

Receiver Sensitivity | Selectivity
Superheterodyne.......................... Excellent | Ixcellent
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. 2.275. 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 nccessary 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 {re-
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 stray
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.

Ans.  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.
R, = 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 Is-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 reutralized?
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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 oscillater 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 Iz-E¢ characteristic curve. This type of operation
permits the symmetrical reproduction of the input wave form
in the plate circuit.

Ques. 2.287. What is 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. Electrons 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
cirenit 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:

Z=E=ﬂ(—)=366§ohms.

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:
R=£I1=l—62=20hms
=I—1€=%=05mho
G=—l{7—=1—62=05mh0

(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*E.

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. 2.295. 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 encrgy.

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 1,5600-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 kilocycles 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

wway americanradiohision/ com.



www.americanradiohistory.com

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 succeeding 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 cyecle.

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

Ans. The speed of a synechronous 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
restlts in a decrease in speed. (See also Ques. 4.178.)

Cues. 2.306. Wkat is the total resistance of a parallel cir-
cuit consisting of one branch of 10 ohms resistance and one
braach of 25 ohms resistance?

Ans. 7.143 ohms.
Solution:

[y X By _ 250 _ yye pe

Ros = ———Rl ¥R, = 35
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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.

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.

Load
7b/a// power=
supp/f VxA watts

Fi1a. 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.

100



www.americanradiohistory.com

BASIC THEORY AND PRACTICE Element 2

Ans. See Fig. 2-36.
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Fia. 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.
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N4

S

Fia. 2-37.
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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.

3 WL _ X; 100 _
Phase angle = tan 6 E=F =100 " 1.000.

From a table of trigonometric 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. 3.05. What factors must be known in order to deter-
mine the power factor of an alternating-current circuit?

Ars. 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 4 = T (apparent watts)

The ratioIZB 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:
108

= m Oth.

X

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 = 14L1% 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 50 volts. What is the voltage drop across
the inductance?

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

Z=~R*+ (X, — X)) = /17 = 4.13 ohms.
;£ 150
Z  4.13
Therefore Ei = IX; = 12.1 X 4 = 48.4 volts.

= 12.1 amperes.

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 1:5 is placed under load, what will be the
approximate ratio of primary to secondary current?

Ans. 5:1.
104
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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 b-millihenry choke coil at a frequency of
1,000 kilocycles?

Ans.  The reactance is 31,400 ohms.

X1 = 2nfL = 6.28 X 10° X 0.005 = 31,400 ohms.

Ques. 3.15. 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.

Xy
Z="7F

= oo (infinity).

Ques. 3.18. Given a series resonant circuit consisting of a
resistance of 6.6 ohms and equal inductance and capacitative
reactance of 1756 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 6.5 ohms and equal inductive and capacitative
reactance of 175 ohms, what is the voltage drop across the
inductance when the applied circuit potential is 260 volts?

Ans. 7,000 volts.

E 260

E,=1IX,= 4 X 175 = 7,000 volts.

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
MODUL ATOR 4uf AMPLIFIER
TUBE —IF= TUBE
R —
PLATE =4
. REAGTOR  S6 1
SPEECH —
INPUT +
EQUIPMENT. B A
- Z
I |
= = = T =
+
T0 =

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

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

F1a. 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.
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N

FREQUENCY o
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Fig. 3-2. Carrier-wave envelope.

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
M
L
CONDENSER
MICROPHONE
é OUTPUT TO
LINE OR STUDIO
AMPLIFIER
Ct

R
b —A
-8 Ao A+
200v
Fig. 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. 3.25. Draw a simple schematic diagram showing a
method of suppressor-grid modulation of a pentode-type

vacuum tube.
’e)
£ MODULATED
. R.F. QUTPUT

N

Ans. See Fig. 3-4.
—0

i

111 I
+8 o |

Fia. 3-4.

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.
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Ans.  See Fig. 3-5.

MOD.R.F. AMP

NEUTRALIZING
CONDENSERS 7'-

u\
1.
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"*/VTV“ A
o
g = [
N, ]
My 5 POWER
7 3 AMP.
TO SPEECH%” e
1 +
8

SPECIAL
MODULATION T "
TRANSFORMER ™=

I'1G. 3-5. Grid-modulation system.

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.
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Ques. 3.33. What might be the cause of variations in piate
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. 3.35. 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 class 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
condenser in power supply, or improperly tuned antenna
system.
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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 detectorin 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. 1.214.)

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 kilocycles, the grid
of the converter tube will produce an intermediate frequency
of 300 kilocyecles if the conversion oscillator is tuned to 1,300
kiloeycles. Hence, 1,600 kiloeycles is the image.

Ques. 3.50. 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
succeeding tube or preferably to the plate prong of the burned-
out tube through a 0.0005 microfarad coupling condenser.
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Ques. 3.51. 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. 3.54. 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. 3.55. 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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See Fig. 3-6.

!. l INSULATOR;

TFi1g. 3-6. Hertz-radiator coupling system.

Ques. 3.56. Draw 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.

See Fig. 3-7.

g ouTPUT

Fia. 3-7. Link coupling arrangement.
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Ques. 3.57. 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.
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Fic. 3-8. Push-pull neutralized radio-frequency amplifier.

Ques. 3.68. 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.
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Fre. 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 “trequency doubler” stage?

Ans. A “Afrequency doubler” stage is a radio-frequency
amplifier, the output frequency of which is double that of the

119



www.americanradiohistory.com

RADIO OPERATING QUESTIONS AND ANSWERS

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 crystal.

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?

Ans. 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 induect-
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. 3.65. 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. Whatmay be the result of parasitic oscillations?

Ans. 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 vperating 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 each 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
circuits, 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 10 the normal linear 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. 3.75. 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 circuit. 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?

Ans. 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 different design with regard
te 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 a metal strip or
reed in which the reed forms the armature of an electromagnet
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 close during one-
half of the cycle; if two contacts are used the circuit will close
on both halves of the cycle. 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 rectifier employs a
rotating arm with segmented pillars which is driven by a syn-
chronous motor. Separate rectifying 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.
Poor brush fitting or worn brush.
Open in armature circuit.
High commutator bar.
Dirty commutator.
Too rapid starting.
Brushes off neutral point.

N o o

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:

Moror 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

8. 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.

cleaning. 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. Mercury-vapor type 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 decreased 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
pewer 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
svstem. (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
Eoio — E

™ s 100.

Regulation per cent = T

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 N Efl

Regulation in per cent =
En

X 100,

where E.; is the no-load voltage.
Ej 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 surface 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.
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Fic. 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 coefficient”
means that the frequency of the crystal varies directly with
the temperature; 4.e., when the temperature increases, the fre-
quency of the crystal 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 erystal will not oscillate with a direct-current
potential applied. If the applied potential is great enough in
voltage value, the crystal will crack 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 crystal 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 coeflicient’” means
that the frequency of the crystal varies very little with a change
in temperature.

Ques. 3.115. What is the function of a quartz crystal in a
radio transmitter?

Ans. The function of a quartz crystal in a radio transmitter
is tc 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 result 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 crystal-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. It 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-oscillator 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 @), and critical 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 clean. 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 circuit 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 hy 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 = 2:1110; z = 185

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
crrors 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 frequency 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 frequencies
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 eable 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 harmonics.

Ques. 3.133. List four causes of distortion in a class A
audio-frequency amplifier.

Ans. The following will cause distortion in a class A audio-
frequency amplifier:
Too much excitation voltage.
Improper operating potentials.
Improper load impedance.
Leaky by-pass or coupling condensers.
Improper bias.
Parasitic oscillations (singing).

Sl

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 class C radio-frequency
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amplifier 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 amplifier
stage require considerably greater driving power than a class
A amplifier?

Ans. Because the grid of the class B amplifier is driven
positive on the crest of each cycle 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 circuit consumes a relatively large amount
of power. By contrast, the class A amplifier presents a high
resistance at all times to the driver. Hence, 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
hias 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 unnecessary
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
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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 vice versa, the coefficient of
coupling is said to equal unity. A formula for coefficient of
coupling is
UL
=L
where M is the mutual induction between the coils.

L is the inductance value.

Under ordinary conditions, the value of ;& can approach, but
never exceed, the value of unity. However, by the use of an
iron core, k£ can be made almost equal to unity. Unity
coupling is the condition when %k equals unity or one.

k-‘.!

Ques. 3.146. Draw a diagram illustrating ‘‘capacitive”
coupling between two tuned radio-frequency circuits.

Ans.  See Fig. 3-11.

(__,

LSS

Le-

I'ru. 3-1L.  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.

OUTPUT
]

T ———— DG m=m = N

Fic. 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 broadcast stations, international broad-
cast stations, or ship stations licensed to use power in excess of
100 watts and type A3 emission for communication 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 broadcast.

2. Relay broadcast.

3. Educational FM broadcast stations operating helow
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 broadecast.

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. 3.1564. 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 he 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. 3.165. 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. 3.157. If a ship-telephone station is assigned the
frequency of 2,738 kilocycles, and the maximum tolerance is

145



www.americanradiohistory.com

RADIO OPERATING QUESTIONS AND ANSWERS

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. 3.1568. If an aircraft station is assigned the frequency
of 3,105 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 kilocycles.

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 kilocycles.

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 aircraft 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.

Ams.  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
radic station log of a station in the emergency service.

Amns. Each licensee shall maintain adequate records of
the operation of the station, including (1) hours of operation,
(2) frequencies used, (3) nature and time of each transmission,
(4) name of operator on duty at the transmitter.

Avutor’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 :
A0, A1, A2, A3, A4, A5,

Ans. Type A0. Waves the successive oscillations of which
are tdentical 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 carrier 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 music, or to other sounds.

Type A4. Facsimile. Waves resulting from the modula-
tion of a carrier wave by frequencies produced at the time of
the seanning 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. 3.1656. 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 to
public service”?

Ans. A station open to public correspondence at published
rates, i.e., a paid or toll message service.

Ques. 3.167. Under what circumstances may an aircraft
radio station call an airport station on 3,105 kilocycles?

Ans. The use of this frequency is restricted to communica-
tions pertaining solely to aircraft operation and the protection
of life and property. This frequency is also a calling and
working frequency for use primarily by nonscheduled aircraft.

Ques. 3.168. If, upon being called by another station, a
called station is unable to proceed with the acceptance of
traffic without a slight delay, what procedure should be
adopted by the operator?

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 « a= . . . (wait), followed
by a number indicating in minutes the probable duration of
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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 Civil 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 ag the signal frequency is below the oscillator fre-
quency or vice versa. The difference between the oscillator
frequency and the signal {requency equals the intermedi-
ate frequency. The difference between the oscillator fre-
quency and the image frequency also cquals 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 speei-
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 kiloeycles. Hence, 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. 3.1756. 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.  (See 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 C 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 eircuit 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 (c) 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-
ticn 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
fram 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 (@) beam-power, (b) thyratron,
and (c) battery rectifier tubes are briefly as follows:

a. High power output, high power sensitivity, and high
efficiency.

H. 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.

¢. 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 1s 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 & 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 I 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, 4.51, 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 cycle. 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. Radiofrequency 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. 3.195. 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
ingtallations 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 voltag® 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
tuke through one-half section of the high-voltage winding

- = 1111

Fig. 3-13. Half-wave rectifier.

BLEEDER

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
boast the voltage output developed across the voltage divider
resistance.

The complete power-supply and vacuum-tube rectifier

157

waana americanradiahicton, cam



www.americanradiohistory.com

RADIO OPERATING QUESTIONS AND ANSWERS

system is 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?
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Ans. The antenna should be designed to stand in a vertical
position with respeet 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-
grcunded, 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 Fig. 3-14.

.
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dipole

1., Transmission
line

RADIO FREQ g INT.FREQ. INT.FREQ.
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FM bord — | (PRE-AMP) CONVERTER 10.7Mcfs 10.7 Mols
88-108 Mc/s
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" . |
T, FREQ] 1o 75 [NTFRE ] 109110/ PRRRIVIOR ¢ e s UG D<

AMP. 3
LIMITER (LIMITER) RATIO DET,
: 03 Mcjs) 10.7 Mcls (2np.DET) POWER AMP.
)CLOSE FOR
'JCW RECEPTION
re==""""
1 1 trit
| BFO 1 1] power
b SUPPLY
Fia. 3-14.

The radio-frequency components of a {frequency-modulation
superheterodyne receiver 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
¢.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, 8.202. Draw a block diagram of a frequency-modu-
Jated transmitter and indicate the center frequency of the
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master oscillator and the center frequency radiated by the
anfenna.

Ans.  See Fig. 3-15.

Transmitting dipole
or furnsﬁ'lepo
antenna

ARMSTRONG PHASE SHIFT FM TRANSMITTER
. o BALANCED R POWER
input CCENTUATO MODULATOR MULTIPLIERS, AMPLIFIER
" t

2

[POWER |- CRYSTAL gl

| suppLY == 0OSCILLATOR NETWORK

Transmitting dipole
REACTANCE TYPE FM TRANSMITTER or turnstile
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freq.=6Mcfs
BALANCED FREQUENCY BUFFER ANl 108 M
it ] FEACTANCE MODULATED (ML, | Frenuency A
50-15000 MODULATOR OSCILLATOR [4IETKCSIMULTIPLIERS|--... Cenhfderlm-
cos 2 Frequency triplers 108 Mc/s
* D-c control ( 1 p,e:uem; doubler Deviation
voltage freq.s
18%4.167515 ks
}uqcmmmmp MIXER il
Sub-harmonic
stabilizer
F1a. 3-15.

1t is assumed in this example that an output center fre-
quenc;’ 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-
mare, since the primary or master oscillators in many fre-
quency-modulated transmitters are in the vicinity of 6
megacyecles, 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 megacycles.

However, to satisfy the conditions of modulation, the master
oscillator must have a corresponding maximum permissible

. 75 . . C
swing of 1]’ Or 4.167 kilocyeles. This deviation of the master

oscillator frequency when multiplied by 18 (tripler and doubler
stages) will yield a maximum swing of 75 kilocycles.?

Ques. 3.203. In afrequency-modulation radio communica-
tion system what is the meaning of modulation index? Of
deviation ratio? What values of deviation ratio are used in a
frequency-modulation radio communication system?

Ans. Modulation index is defined as the ratio of the fre-
quency-modulated carrier frequency 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 kilocycles (100 per cent modu-
lation) to the maximum audio frequency transmitted. The
maximum audio frequency is standardized at 15 kilocycles.
Hence, for broadcast transmitters the maximum deviation

. . 75,000
ratio 1s —15’000
deviation ratio is generally between 1 and 3.

= 5. In radio communication systems the

[
Ques. 3.204. Why is narrow-band frequency modulation

rather than wide-band frequency modulation used in radio
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. B

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
racdio 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.)

&. 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-

Radro-frequency

ammefer,
Calibrated
turung
” Corderser
\R/'o?- up tfark
mductance
Fia. 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

g O~/ mil.
millrarmmeter

X Y T,
"
prods
Fia. 3-17.
the voltage to operate a calibrated l-milliampere type of

ammeter when the external terminals to an unknown resistor
are closed. Two standard calibrated resistors are employed.
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Ore resistor R, is of fixed value, and the other R, 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 varying K. 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 ochmmeter.

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
canverted into a voltmeter with full-scale calibration 100 volts,
what value of series resistance should be connected in series
with the milliammeter?

Ans. 100,000 ohms.

Solution:
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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
frequencies 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.

4ns.  (See Ques. 5.98.)
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Ques. 3.218. A relay with a coil resistance of 500 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 = IR = 0.2 X 500 = 100 volts.
E 110 — 100
Reeries = ‘I— = —0-2— = 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:
E—e¢ 115-—-6

1
R = 7 = 3 = 36§ohms.

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. Tilament 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.
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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 2,450 kilocycles?

Ans.  See Fig. 3-18.

Ant.
fo-f=1F
___ 206-2ds0-456
LIRFAMPT . [ st 1F AMP. 2ND.DET, AF AND
PRE.SELECTORy-C— | DETECTOR STAGES AND POWER Aw—-ﬂ@souno
L STAGE 12950 | (MIXER) J186kals| 456 kols [#S5kch| _AVC STAGE A
T fos \" ; Audio
2906 kefs “456kols gr;&llgiglcsv
== LOCAL AF Sidebands (Approx}
6-ound SCILLATOR

NOTE:Image interfering frequency
without pre-selector
stage =3362 ke /s (£o+21F)

Fra. 3-18.

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. E
Fia. 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. 3.225. What would be the effects of connecting 110
volts at 25 cycles to the primary of a transformer rated at
110 volts and 60 cycles?

Ans. The inductive reactance of the 110-volt 60-cycle
primary winding will be lowered when the transformer is con-
nected to a 25-cycle 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.

10k

I'ra. 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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IF 6voirs.

NON-SYNCHRONOUS TYPE
MECHANICAL RECTIFIER

Fic. 3-23.
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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. 3.235. 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 3040 megacycle
band?

Ans. Frequency tolerances for these services are shown in
the table on page 175.
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Station Frequency 'I;?:rj:;: ’
Coastal-harbor stations. . ........... 100-500 ke 0.1
1500-30,000 ke 0.02
Above 30,000ke | 0.01 (FM)
30,000 ke 0.02 (Al
Above 100,000 ke 0.01 (FM)
0.04 (Al)
Experimental stations............... 0.01-0.02
Faesimile broadecast station..........| .. ... ... ... .... 0.01
Developmental broadeast station.....| ............... 0.01
Remote pickup station..............| ... ... .. ... +0.02
TeleiSlon. cove oot ie et e +0.01
Police mobile stations............... 30-40 Me +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, elearly 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.
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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 employecs 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.

c. 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-
struetion 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.

- Q;l:‘:S. 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.V, :
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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 is
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 whicl,
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 research projects.

Ques. 3.244. What is the national aircraft calling and
working frequency for use by private aircraft radio stations?

Ans. 3,105 kilocycles.

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 aircraft 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. Thisis NC 1234.”

Ques. 3.248. What is the scope of authority of a person
holding a radiotelephone second-class operator license?

Ans. (See Appendix II, Sec. 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 II, Sec. 13.28.)
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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.

1
Reﬁ = 1‘11 = 3.27 ohms.

ETRTRE
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

: . : _E,_E ,_E
be readily determined by Ohm’slaw, [ = i I = X, I = X.

The total line current may then be obtained by the equation,

Iie = VIg? + ([ — I¢)? = 276 amperes.
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Thus,
E 900

Z = T =275 = 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 kilocyeles?

Ans. The correct answer is 170 ohms.

Solution:
Xex f 2
XCz f 1
300 _ 1,200
Xes = 680

Xe¢z = 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 0.1
k= ————— = = 0.25 (25 per cent).
NI XL, ~02X08 (5P )

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% = 0.411 X 11 = 4.52.
11

X:a—m = 26.76; New X = X! — X, = 22.24 ohms.

Z' = v R* + X* = 24.8 ohms.
Ques. 4.06. If an alternating current of 5 amperes flows
in a series circuit composed of 12 ohms resistance, 15 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:
Eis=~VEg + (E. — Epn)? = /3,600 + 15,625 = 138.7
volts.
Er=IR =5 X12 = 060 volts.
E, =IX, = 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=+EFX =169 =49+ X2, X =120,
X = £10.96,
but X = X — X,
s £+10.96 =8 — X, X, = 84 10.96 = 18.96.
Proof:

7 = VR A+ (X, — X2)? = V49 + 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 4- Xo.

Ques. 4.08. If an alternating voltage of 115 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:
LIine = V122 + (I — 1)2 = v/14.7 + .5 = 3.9 amperes.
Ip = E_ 3.83 amperes, I, = £ = 6.76 amperes,
R Xs
E
I, = X~ 6 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 L; or 4 X L.

Solution:
M = /Ly X Ly, Ly =11+ Ly, + 2M.

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:
= ELEZ(—I‘ = 1.15 amperes at 100 per cent efficiency.
P
220 X 23
Py = —G598
P, 5170 _
I, = 7.~ 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,

where F, = secondary voltage.
T, = transformation ratio.
E, = primary voltage.
- Thus, in this example, the secondary voltage is 3,810 volts.

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. Figure 4-1 illustrates a delta-Y-connected trans-
former.

DELTA v
PRIMARY SECONDARY

-
- F4
B -
= 2
Fra. 4-1. Delta-star or Y transformer.

Ques. 4.15. What factor(s) determine the ratio of imped-
ances which a given transformer can match?

Ans. The turns ratio.

Turns ratio = 4 [%:

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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7 2 -
ni Zl (2 Jz
— = — —_— = -
Ng Lo ni Z,

Solution:

— Z2
100 15
1,600 = Z,.

Therefore B, 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 355 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:
Riamp = 132 ohms (approx.),
I = E_ 220 = 0.86 ampere (approx.).

Z VEF X - Xt
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.

186

wwww americanradiohiction/ com.



www.americanradiohistory.com

ADVANCED RADIOTELEPHONY Element 4

Ques. 4:20. 1In a parallel circuit composed of an inductance
of 150 microhenrys and a capacitance of 160 micromicrofarads,
what is the resonant frequency? C

Ans. The resonant frequency is 1,028 kilocycles.

Solution:
108

= 2r VLC

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 kilocyeles,

Ans. Approximately 18 micromicrofarads.
Solution:

1 . .
Crarads = iy = 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 uhwanted line noises. The frequency response is also
improved.

Ques. 4.25. 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 circuit 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?

Ans. 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. 4.34. 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 VU. Tt has a power equivalent
of 0.001 watt (600 ohms).

Ques. 4.35. What is the purpose of a line equalizer?
189
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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 “flatter’” 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

L jc Ic

Fia. 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?

Ans.  The dynamic microphone.

Ques. 4.38. What is the most serious disadvantage of
using carbon microphones with high-fidelity amplifiers?

Ans. The possibility of carbon noises or “hissing.”

Ques. 4.39. Why are the diaphragms of certain types of
microphones stretched?

Ans.  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

iy
%

F o
—
AF
INPUTC %
MODULATION
TRANSFORMER {

[

Fie. 4-3. Grid-bias modulated class C radio-frequency amplifier with
inductive coupling to the antenna.

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
N.C. {SHUNT-FED PLATE)

It
Ll

ANYH
N
=
c

]-c'
°
c
=

MODULATION
1 TRANSFORMER

3

STEP-DOWN
WINDING

iH
"]

(48) |
CLASS 8
MODULATOR |

Fig. 4-4. Class B modulation systein.

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

Fia. 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, 1SV

F1a. 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
efficiency 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 outputis —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 4-10 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 ZLV B2
E, \/E
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Decibel gain, therefore, is 60.

60 = 20 log El__ V600
E; /600

2

If
E,
log Y 3,
then,
E,
7, = 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 IP; = 20 db.
2

Solution:

P,

10 log = = 10 log 100.
P,
log 100 = 2.
db = 20.

Since the power has been decreased, this is a 20-db loss, or
—20 db.

Ques. 4.60. 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. 4.51. 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. 4.62. 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. TIncrease 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. 4.64. 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. 4.55. 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. 4.66. 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. Improper 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
miP, 1 X 100

5 5 = 50 watts.

Pg =

If modulation is reduced to 50 per cent, we get, by the same
formula,

0.5% X 100

. = 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, _ 5.

db = 10.10g P, 40 = 10 log ot 10,000 = oy

6

¥ = 10,000

= 0.0006 watt.

Ques. 4.59. If the field intensity of 25 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.

g 1Y

11 I HARMONIC COIL
s = l —

T
I . - |k
17 £
T | e+
A J o+ A5
AL
1) paing
F1g. 4-7.  Capacitive coupling and harmonic suppression arrangement.
108
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Ques. 4.61. In what units is the field intensity of a broad-
cast station normally measured?

Ans. Field intensity is generally measured in millivolts or
micravolts 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. TFigure 4-8 illustrates a schematic arrangement of a
final power-amplifier stage with transmission-line coupling
and harmonic-suppression circuit.

Fig. 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 = I*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—F——m——700hms

I= \/> \/5 000 = 8.4 amperes.

Ques. 4.65. If the antenna current is 9.7 amperes for 6
kilowatts, what is the current necessary for a power of 1
kilowatt?

Ans.  For a power of 1 kilowatt the current necessary will
be 4.3 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?

I= J \/900 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:
I = \/]TZ 2 000 = /100 = 10 amperes.
10
? = b amperes.

= I°R = 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:

ord

Efficiency = % - %‘5'2 — 0.6325 or 63.25 per cent.
13 b

]

Ques. 4.69. If the power output of a broadcast station is
qradrupled, 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.

Sotution:
. P = I’R 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 been
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

201 .


www.americanradiohistory.com

RADIO OPERATING QUESTIONS AND ANSWERS

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:

Lm
eﬂ - '\|1 + 2
At 100 per cent Is = /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 = /360,000 = 600.
Epeak = Eeﬁ X 1.414 = 8484 VOltS.

Ques. 4.75. A long transmission line delivers 10 kilowatts
into an antenna; at the transmitter end the line current is
bamperes and atthe coupling house itis 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:
== = —2_— = 434
Power lost = 52 X 434 — 10,000 = 850 watts.

Ques. 4.76. The power input to a 72-ohm concentric line
is 5,000 watts. What is the current flowing in it?

\

| Ans. The current flow is 8.35 amperes.
- Solution:
|

P

I= \/1—8 = 8.35 amperes.

‘ 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-
monic radiation is minimized.

Ques. 4.78. If a vertical antenna is 405 feet high and is
operated at 1,250 kilocycles, what is its physical height,
expressed in wavelengths? (1 meter = 3.28 feet.)

Ans. The physical wavelength is 0.515 wavelength.

| Ques. 4.79. What must be the length of a vertical radi-
- ator 14 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.

BUFFER AMPUFIER
os%ls.éimﬁ {SERIES—-FED PLATE}

PILOT
LIGHT

TO_REGULATOR
TuBE

Fia. 4-9. Crystal-controlled oscillator with temperature-control unit and
radio-frequency amplifier.

Ques. 4.81. Draw a diagram of a class B push-pull linear
amplifier using triode tubes. Include a complete antenna
coupling circuit and antenna circuit. Indicate points at which
the various voltages will be connected.

Ans. Figure 4-7 illustrates a class B linear amplifier in
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 Fig. 4-4.

Ques. 4.83. A certain transmitter has an output of 100
watts. The efficiency of the final, modulated-amplifier stage
is B0 per cent. Assuming that the modulator has an efficiency
of 66 per cent, what plate input to the modulator is necessary
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. Hence 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:
P, 100

| T = 0.66 = 151.5 watts,

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 frequency-
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 50-kilowatt transmitter employs 6 tubes in
push-pull parallel in the final class B linear stage, operating
with a 50-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

‘E—f‘f = TST = 151,515 watts; P; —_— Po = ]01,515 watts.

Kach tube will therefore dissipate 16,919 watts, or 16.92
kilowatts.

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.

— —
[+~ —-HIGH VOLTAGE~--

)| G

i1
1
ANV
BLEEDER

F1c. 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.

3 —

> 3000V
(NEGLECTING
DROPS)

—

4 Loap2

ool —)

F1e. 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 rectifier 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 occur. 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 ke subjected to abnormal ion bombardment and the tube
may de 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. 4.95. 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 ncrease 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 frequencics
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.

O

INPUT _I"

o

LOAD INPUT ” LOAD

o]

LOW PASS HIGH PASS
FILTER FILTER

Fia. 4-12, TFilter 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:
Ey, = 240 X 1.11 = 266.4 volts.
Proof:
Ey, — 210

= (.108 or 11 per cent.
EFL

~ Ques. 4.99. How is the inverse-peak voltage, to which the
tubes of a full-wave rectifier will be subject, determined from

the known secondary voltages of the power transformer?
Explain.

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. If the
temperature of the tube itsclf 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?

Ane.  If the input frequency of a doubler system is 1,000
kiloeycles, the output circuit must be tuned to 2,000 kilocycles.
Hence, the capacity required would be 105 micromicrofarads.
Computed according to the formula

farads.

1
C = g1,
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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 circuit.

Fm.74—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 at
50 degrees centigrade and having a temperature coefficient of
—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
frequency 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 fim, fo, fi, and f2, or 500
cycles, 550, 550.5, and 549.5 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. Phase monitors are sometimes found in transmission
systems where two or more directive transmission-line antennas
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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 44.5 for a frequency of 1,400 kilocycles,
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.

Cues. 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 150 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
platz 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 = £,. s 2R, = 30,000 ohms = Z,.
Class C tube,
E 1,000

Z2=7‘—'m—()0670hms

30,000
Turns ratio = \/Zz, \/6 570 = 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. Figure 4-14 illustrates a simple shunt-fed plate radio-
frequency amplifier.

%

1
7

£ F
Fia. 4-14. Simple shunt-fed plate arrangement.

Ques. 4.121. Indicate, 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.

N.C. )F

REGC

F1a. 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. 1n 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. 4.125. What is the formula for determining the db
loss or gain in a circuit?

Ans.
. E,
Voltage gain or loss = 20 log;, 7 db.
2

Power gain or loss = 10 log, % db.
2

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 250, 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:
wZoy 240,000 16
R,+ Z, 15000

Voltage gain =

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 malke the
diseonnection 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 85 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 (¢) of this see-
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 each test
operating under paragraph (¢). Tests shall be conducted
between midnight and 9 a.m., local standard time. Para-
graph (¢) 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:

L. 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
“garvice 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 cxperimental 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 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 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?

4ns. 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 (Ip), 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. Whatis the power that is actuaily 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 broadcast 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. ‘‘Anténna current’”
means the radio-frequency current in the antenna with no
maodulation.

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
eaclier radio stage than the final.

Ques. 4.1561. What is the tolerance that is applied to the
antenna currents in the various elements of a directional
array?

Ans. Five per cent.

Ques. 4.152. What is the frequency tolerance which must
be maintained at the present time by a standard broadcast
station?

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 with 20 cycles of the assigned frequency.

Ques. 4.1563. What is the frequency tolerance allowed an
INTERNATIONAL BROADCAST STATION?

Ans. 0.005 per ecent.
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Ques. 4.154. What is the required full-scale accuracy
required in the ammeters and voltmeters associated with the
final radio stage of a broadcast transmitter?

Ans. Accufacy 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
lor2 1
3to b 2
6to 8 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. 4.167. 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. No scale division above one-third full-scale reading (in
amperes) shall be greater than one-thirtieth of the full-scale
reading.

Example: 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 }4¢ of 6 amperes,

.2 ampere.

Ques. 4.158. 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
pawer (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
valtage 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 cfficiency. It is
generally operated in the vicinity of 60 per cent 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. Tt 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 gnd 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 heterodyné-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 operanes
a clock in synchronism with the oscillator frequency. Ncw,
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. 4.166. 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 recepticn?

Ans. This will cause strong interference, since it produces a
sideband at the frequency of the carrier of theadjacent 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 stability 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 (7' = 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.—Xc_ 25-10 _
tanb=p=—p—=—35  — L

Therefore,
6 = 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 8§ = Tx1

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 in
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 a
point where it will be impossible to obtain ionization in the
other tube. Resistors keep the total voltage drop high
enough so that the slower tube will ionize.

Ques. 4.177. A rectifier-filter power supply is designed to
furnish 500 volts at 60 milliamperes to one circuit and 400
volts at 40 milliamperes to another circuit. The bleeder cur-
rent in the voltage divider is to be 15 milliamperes. What
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,

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
N 4
where f = frequency in cycles per second.
N = number of field poles.
Actual speed = synchronous speed X (1 — 8),
120 X f X 60

Synchronous speed = = 1,800 r.p.m.,

120
S XS (1 < 120X (25
= X0 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.

AC =
input — ‘_{ gui,; i

1IPU;

3

e B
FAC 1 <f+
Fia. 4-16,
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Ques. 4.181. Why is degenerative feedback sometimes
used in an audio amplifier?

Ans.  Degenerative 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.

0.6
f= EiCi + RiC, cycles per second.

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,

E%L ) |

1 T= =
= = E& 5
By R,=feedback control resistors
C = Blocking cornderser
Fia. 4-17.

AF
output

Ques. 4.184, What is the meaning of “mutual conduct-
ance” and “amplification factor” in reference to vacuum
tubes?

Ans.  “Mutual conductance,” g, 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 X108

Gom T micromhos  (E, = constant),

where I; is in milliamperes.

Amplification factor, Mu or p, 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.

By

p=g (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 (VHF, UHF) because of its excellent stability.
The low feedback capacity between the plate and the cathode
due 1o the grounded grid prevents self-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?

Ans. Tin, copper, and aluminum are the most commonly
used materials.

Ques. 4.189. For maximum stability, should the tuned cir-
cuit of a crystal oscillator be tuned to exact crystal frequency?

Ans. No. The plate-circuit load is generally inductive
and must, therefore, be tuned so that its resonant frequency is
slightly higher than that of the crystal.

Ques. 4.190. What is the principal advantage of a class C
amplifier?

Ans. High plate efficiency. The class C amplifier may
develop an efficiency of nearly 100 per cent if the current dura-
tion is limited to a very small value. The output power under
these conditions, however, is very small. For practical pur-
poses, the efficiency of class C amplifiers generally ranges
between 50 and 80 per cent. (See Ques. 4.161.)

Ques. 4.191. Draw a diagram of a grounded-grid amplifier.

Ans. Figure 4-18 illustrates a circuit arrangement of a
typical grounded-grid amplifier.

blocking cordenser

v.4 RFE
oulpuf

G D RF By-pass plate
{

N

AV
7

RF
nput

Ligp
Fia. 4-18.
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Ques. 4.192. A current-squared meter has a scale divided
into 50 equal divisions. When 456 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
scalg, the ratio of two deflections is equal to the ratio of the
square of the currents producing these deflections, thus,

Dy _ It 2% _ L, 25X45
D, T, 45 ~ 45% Y45
I, = V25 X 45 = /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 | milliampere at 500 volts.
500,000

560~ = 1,000 ohms per volt.

Thus,

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.

E2  40® 1,600 _
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Ques. 4.195. 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 1.414,
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
(VIVM). 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 twe-
wire transmission line will be increased.

Zo = 276 ]Oglo 2dD

2

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, IOg—T = T = 1.0

Zy = 276 X 1.0 = 276 ohms.

I

Doubling the spacing of the two conductors yields,

Zy = 276 logyo —2—dQ; log % = 2—10 = 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 in}pedance.

Ezample (vefer to example of Ques. 4.200):
2D

Zo = 276 logw d
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When D = 10 inches and d = 1 inch, Z, = 350 ohms.
Increasing d to 2 inches, we obtain

Zy = 276 logi 29%4;  log 295 = 1.0
Zy = 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
concentric radio-frequency transmission lines to prevent the
entrance of moisture into the inner conductor area. This
reduces dielectric 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 matched 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 =V ZSZL,

where Z, = 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 = /21,600

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 P and is

based on the assumption that there is zero ground-wave
' attenuation.

Maximum radiation from broadcast 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

241



www.americanradiohistory.com

RADIO OPERATING QUESTIONS AND ANSWERS

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. Economy 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.

§A k= 89 (O =

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 K, 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-
pedance.

4. Poor power-supply regulation.

5. Amplitude and phase distortion during modulation due to
improper tuning of amplifier resonant circuits to the excitation
carrier frequency.

6. Insufficient grid excitation due to low grid drive to the
class C modulated amplifier stage.

Ques. 4.213. If the two towers of a 950-kilocycle direc-
tional antenna are separated by 120 electrical degrees, what is
the 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 ().
o M
120° = 3

A separation of one-third wavelength between towers at 950
kilocycles 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 broadcast
receiver.

Ans.  Figure 4-19 illustrates a typical automatic-volume-
control (AVC) system used in modern broadcast receivers,

IF
rput

To grid .
refurns of . AVC Bias ey
controlled oF AF
RF stages e
BASIC AVC SYSTEM
IF
nput
7o grid
returns of .
controlled 1 g
RFstages T Bins

= (min -3volfs)
DELAYED AVC SYSTEM (DAVC)
Fia. 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 permis-
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 23{¢ inches.

2. Accuracy shall be at least 2 per cent of the full-scale
rezding.

3. The scale shall have at least 40 divisions.

4. Full-scale reading shall not be greater than five times the
minimum normal indication.

d. 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 broadcast frequency of 1,000 kilo-
cyeles. 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 gencrally 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 speetrum 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 megacycles 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 kilocycles. 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 kilocycles. Since the carrier-
frequency swing is independent of the modulating frequency,
the frequency swing for 50 per cent modulation will be +75
kilocyeles X 0.5 = 437.5 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 Illectric Co. uses 4 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 cycles. A special pre-
cemphasis circuit 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 cycles. 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 decrease 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 2,600-cycle tone?

Ans. Plus or minus 3.75 kilocyecles.
Solution: For 100 per cent modulation the carrier frequency
varies from

98.1 — 0.075 megacycles to 98.1 4+ 0.075 megacycles
= 98.025 to 98.175 megacycles.
f (carrier)
f (oscillator)
98.1
4.905

= frequency multiplication.

20.

The oscillator frequency swing will be +7849 = +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-
tian transmitter is determined by the awdio 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.

i 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 Eilocycles?

Ans. A frequency swing of 48 kilocycles.
2 X 2 X 3 X4 = 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. TIts basic function is to
vary the frequency-modulation oscillator frequency in accord-
anee 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. Tigure 4-20 illustrates two typical detector circuits
used in frequency-modulation and television receiver: (a)
Lirmiter

stage Discriminartor
dgefector stoge

70 griol of
AF amplifier

RFC

70 grid of
‘__| ¢ AFamplier
E g
LA vc

Y}

LAY

RATIO FM DETECTOR
Fia. 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 rectified
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.

1 — E
Audio-frequency output = E—li—Fz

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. 8.5 amperes. The transmission line current will
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 66 per cent, and the
efficiency of the antenna transmission line is 756 per cent.
What is the effective radiated power?

Ans. The effective radiated power is approximately 304.83
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 60.125 watts or a total of

240.5 — 60.125 = 180.375 watts.

An antenna gain of 1.3 will raise the effective radiated power
to 1.32 X 180.375, or 304.8337 watts.

Ques. 4.239. Draw a diagram of a frequency-modulation
broadcast receiver-detector circuit.

Ans. Tigure 4-20 illustrates two typical frequency-modu-
lation broadcast 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. Tigure 4-21 illustrates the commonly used reactance
tube modulation in frequency-modulation transmitters.

R FOscillator

RFC

Va4
modl/oted.
output

Ques. 4.241. Draw a diagram of a limiter stage in a fre-
quency-modulation broadcast receiver.

Ans. Figure 4-22 shows a typical limiter stage used in
frequency-modulation receivers.

Limiter stage

.
discriminator

4

-~y

=Ly Hgy Zyp

Bsg
Fiag. 4-22.
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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 indirect method.
This is the product of the plate voltage (E3) 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 = Ey, X I, X I'.
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. Emploved Spares Required
lor2 1
3tob 2
6to 8 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 at least 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 cycles per second.
254
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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 kilocycles 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
1kw 250 watts to 1 kw
3 kw 1to 3 kw
10 kw 3 to 10 kw
25 kw 10 to 25 kw
50 kw R 10 to 50 kw
100 kw 50 to 100 kw

The operating power tolerance according to FCC 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 broadecasting 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 square-law scales
shall meet the following requirements:
a. The length of the scale shall be not less than 234 inches
for linear scale instruments.
b. Accuracy shall be at least 2 per cent of the full-scale
reading for linear scale instruments.
¢. 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 thereof (E.S.).

Ques. 4.252. 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. 4.263. What is the meaning of the term ‘“frequency
swing” in reference to frequency-modulation broadcast
stations?

Ans. “Trequency 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

257

________________________________unny amaricanradiohistory comeeee



www.americanradiohistory.com

RADIO OPERATING QUESTIONS AND ANSWERS

are scanned during successive cycles of the field scanning

frequency.

Ques. 4.255. Does the video transmitter at a television
broadcast station employ frequency or amplitude modulation?

Ans.  Amplitude modulation.

Ques. 4.256. Does the sound transmitter at a television

Ans.  Frequency modulation.

broadcast station?

broadcast station employ frequency or amplitude modulation?

Ques. 4.2567. What is a monitor picture tube at a television

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.

Amns.  Scanning in modern television is the process of analyz-

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 sereen 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

|
|
|
|
} ing successively the light values of picture elements constitut-
|
)
|
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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 successively 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
irnage 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. KEach 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. 4.259. Whatis 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-
electric-producing chemicals have been deposited and the other
side of which is a conducting metallie film.

When the mosaic particles are illuminated, electrons will be
emitted 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 sean 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 60 watts, and
the antenna power gain is 3?
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Ans. 2,850 watts.
Solution:

Effective radiated power = power output — losses X antenna
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.
Video carrier frequency.
Horizontal synchronizing pulses.
Vertical synchronizing pulses.
Horizontal blanking pulses.
Vertical blanking pulses.
Equalizing pulses.

NO O N

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
brozdcasting 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 simultaneously 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 cathode-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
beight 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. Hence 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
' cycle. 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?

Ans. No change.
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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

(26213).
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
breadcast transmitters?
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Ans.  The carrier-frequency tolerances for both visual and
aural transmitters shall be automatically maintained to with
1+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 meter.

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 cycles.

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 125 kilocycles 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 450 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 broadcast 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 receiver 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.
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Ques. 5.01. 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 product 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. 6.03. 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.

NS o 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. TEach 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 25
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=1Iy{1+ —R—M =041+ 2§> = 2.9 milliamperes
Rs 4

where Iy = meter reading, R, = resistance of the meter,
Rs = resistance of the shunt.
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Ques. 5.08. If two 10-watt 600-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. 5.09. What is the maximum current-carrying capac-
ity of a resistor marked *5,000 ohms, 200 watts”?

Ans.
P
I = \/% = 0.2 ampere.

Ques. 5.10. What factors determine the heat generated
in a conductor carrying an electric current?

Ans. The current-low-squared value and the resistance.
P = IR watts.

Ques. b6.11, Two resistances of 18 and 16 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 b amperes. What
is the current value in the 156-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,

R XR

Ry = R+ R = 8.18+ ohms.

2. Add the eﬂ"ectiveAresistance 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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R R XRE

off — R—_I—_‘—R = 14.68+ 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,
E
I =

B= 3.341 amperes.
" 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 8.18-+ ohms,

E = IR = 1.659 X 8.18+ = 13+ volts.

8. Thus the current through the 15-ohm resistance is found
_E _ 13+ _
I = = 15 0.9+ 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. 5.13. 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 X 50 =

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: E = IR = 3 X 50 = 150 volts.

Ques. 5.15. A 10,000-ohm 100-watt resistor, a 40,000-ohm
i B0-watt resistor, and a 5,000-chm 10-watt resistor are con-
i 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
2
resistance, & 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-ochm 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

. P 10 -
equation, I = & = \/m = 0.0447 ampere.

Proof:
P =1*X R =0.04472 X 5,000 = 10 watts.
The applied voltage may now readily be determined,

E. =1 X R =0.0417 X 5000 = 223.5 volts

_ E* _ 50,000

and =% T 5000

The current flow through each of the remaining resistors is
then obtained by Ohm’s law,
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223.5

I = 40,000

amperes and 1 amperes.

~ 10,000 OOO

The sum of .all the branch currents is, therefore, the total
current, or 0.07 ampere.

Ques. 5.16. What is the ratio of peak to effective voltage
values of a sine wave?

Ans. The ratio is === o 707 = 1.414:1.

Ques. 5.17. 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.

Env = Eeff X 09

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 voitmeter, be multiplied in order to obtain the
peak value?

Ans. The meter reading must be multiplied by 1.414 to
obtain peak values.
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Ques. 5.20. What is the ratio of peak to average value of
a voltage sine wave?

1
0637 = 1.57:1.

Ques. 5.21. What is the meaning of the term ‘“‘phase
difference”’?

Ans. The ratio is

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. 65.23. 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. 5.25. 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 = Li+ L, + 2M. In this case, therefore, the

total inductance is the sum of the two inductances expressed
in henrys.

Ques. 5.27. 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, Xi.
The reactance value varies directly with frequency. The
series inductance also has a smoothing effect on circuit varia-
tions and tends to improve the regulation.

Ques. 5.29. 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 “flywheel” 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 decreasecs.

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 increases as the capaci-
tive reactance increases, i.e.; 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. 5.34. What factors determine the efficiency of a
power transformer?

Ans. The core structure, the character 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 ratic N:

_Ee_N:
N=% =~
N,

Es = —]VP X Ep.
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Ques. 5.36. What factors determine the current ratios of
primary and secondary in 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
I N>

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 250 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.
. /ZP
Turns ratio = 7.

Zp = primary impedance.
Zs = secondary impedance.

Ques. 5.39. 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 eathode 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 isitimpractical 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. 5.41. 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 is important 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. 544, 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 ircoming 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. 5.561. 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. 65.52. What is the p;incipal advantage of trans-
former coupling compared to resistance couplmg, 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. 5.53. 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 cycle and
serious distortion would result. Two tubes complete the
cycle.

Ques. 5.54. What are the advantages of push-pullampli-
fication as compared to single-ended amplification?

Ans. Push-pull amplification reduces harmonic 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. 5.55. 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. Hence, 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 cireuits a tank circuit is available to minimize distortion.

Ques. 5.56. 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
30C to 500 or more henrys. This would necessitate a trans-
former with large physical dimension as well as one difficult
to construct 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. 5.57. 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?

Amns. 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. b.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 circuit 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 raisc 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 voltage of 10,
filament current of 3.25 amperes, and a plate current of 160
milliamperes. The amplification factor is 25. 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
E
C amplification the ratio —f % 2.5 may be used for determin-

ing grid bias with fairly accurate results.

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 a 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. 5.70. A superheterodyne receiver is adjusted to
2,738 kilocycles. The intermediate frequency is 475 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. 5.72. A superheterodyne receiver, having an inter-
mediate frequency of 465 kilocycles and tuned to a broadcast
station on 1,450 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 456 kilocycles.
What is the frequency of the mixer oscillator?

Ans. 2,168 kilocycles.
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Ques. 5.74. 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 frequer.cy
which continuously interrupts the oscillation frequency and,
therefore, the degree of regeneration can be built up to tre-
mendous proportions.

Ques. 5.75. 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. 5.77. What is the purpose of a tuned radio-frequency
amplifier stage ahead of the mixer stage in a superheterodyne
receiver?

Ans. It serves as a preselector 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. b.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. 5.86. 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. TFigure 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
circuit. 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 crystal frequency
8 times; therefore the fundamental crystal frequency must be
1¢ 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-cycle 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. 5.97. 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. 5.100. 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. 5.1056. 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. 5.106. What is the purpose of an air gap in the core
ef 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
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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, m-N—p X E, = 500 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. 5.116. 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. 5.118. 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. b5.121. 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-
trelytes become coated with a very thin film of insulation,
caused by polarization. This film acts as a dielectric 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. 5.126. 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. 6.132. 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 kilocycles will be 25 cycles.

Ques. 65.134. 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). Alcohol 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. b5.136. Name four advantages of crystal control
over tuned circuit oscillators.

Ans. 1. Maximum frequency stability.

2. Minimizes dynamic instability

3. Gives better tone signal for radio telegraphy.

4. Reduces necessary band width.

5. Simplifies grid circuit.

6. Reduces beat frequency of stations on same frequency.

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 be 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.
1t 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. 5.141. 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 crystal 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 diugram 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 principle of operation is based upon the
faet 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:

L. 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 critical 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
effect 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. Expiain 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. 5.150. 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. 5.151. 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. b5.1562. 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. 5.163. Draw a simple schematic diagram of a
dynatron type of oscillator, indicating the circuit elements
necessary to identify this form of oscillatory circuit.

Ans. See Fig. 3-10. °

Ques. b.154. 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-frequency amplifier is preferable
to a single-tube stage because by means of the push-pull
circuit the even harmonics 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. 5.156. 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-trequency 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?

4ns.  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. 5.168. Why is correct grid bias important in an
audio-frequency amplifier?

Ans. The correct 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. 5.159. 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 portion of the characteristic. In addition,
even harmonic 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. Therefore, 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.

Gues. 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. 5.165. 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. (LR.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 to 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
amglifier 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. b5.171. Describe the operation of a frequency-
doubler stage.

Ans. SeeFig. 2-22for 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.

Circuit 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 frequency, 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 fcedback.

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 receiver
components, which interaction would disturb their normal
operation and may result in regeneration or self-oscillation.
Shielding prevents the lines of foree 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. 5.175. 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.  See 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 I'igs. 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 Iig. 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?

i 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?

Ans. 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, is 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 loosening the
coupling between the two coils and providing a low-reactance
path to ground for the harmonic frequencies.

Ques. b5.186. What is the advantage of link coupling
between radio-frequency amplifier stages?

Ans. 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 Fig. 5-4.

KEY

A x3 l
VOLTAGE =
DIVIDER

TO HIGH VOLTAGE
SUPPLY

Fig. 5-4. Grid-blocking keying system.
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Ques. b5.188. By what means may a high-power radio-
telegraph transmitter be keyed?

Ans.  The most satisfactory 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. Whei 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 ‘“keying
choke.” This choke is short-circuited 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. (See 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.

309


www.americanradiohistory.com

RADIO OPERATING QUESTIONS AND ANSWERS

Ans. See Fig. 5-5.

|
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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.
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F1a. 5-6. Transformer-primary keying system.
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Ques. 5.192. A transmitter is operating on 5,000 Kkilocycles,
using a 1,000-kilocycle crystal with a temperature coefficient
of —4 cycles/megacycie/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 kilocycles is the new frequency.

Ques. 5.193. What may cause a positive carrier shift in
a linear radio-frequency amplifier output?

Ans. Some possible causes of positive carrier shift are
1. Improper neutralization.
2. Excessive grid bias.
3. Improper value of load impedance.
4. Overmodulation.
5. Insufficient excitation of modulated tube(s).
(See Ques. 6.42.)

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 avoided
by using a loose coupling adjustment, although it must be
borne in mind that loosening the coupling also reduces the
radiated power. The plate current will rise and may seriously
overheat the tube if coupling is too tight.

Ques. 5.196. A station has an assigned frequency of
8,000 kilocycles and a frequency tolerance of plus or minus
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 exceed
the tolerance?

Ans. 400 cycles, computed as follows:
3.2:8,000 = X:1,000; X = 0.4kiloecycle; X = +400cycles.

Ques. 5.197. What is meant by “self-wiping’’ contacts as
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 head
telephones? In direct-current meters?

Ans. To polarize the headphones so that positive current
peaks deflect the diaphragm in one direction while negative
peaks deflect it in the opposite direction.

Permanent magnets are used in direct-current meters to
insure the operation of the meter according to the polarity
markings on its terminals. Permanent magnets, as used in
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 ot
radio-frequency energy?
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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 25?

Ans. 42 volts, computed as follows:

Cut-off point = Ef = 1’—g5® = 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.
Gues. 5.203. Define type Al, A2, A3, and A4 emission.
Ans. (See Ques. 3.164 and 6.29.)

Ques. 5.204. In the aerial mobile service, what is the
mazimum period of time that operation of 333 kilocycles is
permitted?
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Ans. In no case, in the aeronautical mobile service, must
the work on 333 kilocycles (900 meters) exceed 5 minutes.

Ques. 5.205. 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 seconds, and they must be composed of a series
of V’s 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
each 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 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
anrounces that this station is about to transmit a message
concerning the safety of navigation or giving important
meteorological warnings.

Ques. 5.212. What is the maximum transmission speed to
be used in connection with distress, emergency, or safety
transmissions?

Ans. When distress, emergency, 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. Two types of call signals ““to all”” shall be recognized:
1. The CQ 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. 5.216. What is the radiotelegraph distress signal?

Ans. In radiotelegraphy, the distress signal shall consist of
the group « . . mm wm == « « « (SOS) transmitted as one signal, in
which the dashes must be emphasized so as to be distinguished
clearly from the dots.

Ques. 5.216. What classes of stations may be operated by
the holder of a radiotelegraph permit?

Ans.  Any station while using type B, A0, Al, 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 broadeast 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.

316



www.americanradiohistory.com

RADIOTELEGRAPH Element §

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,
wkich 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 . mm ... (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 aeronautical 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 public 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 lieu of the place where the transmitting apparatus is
located.

In the case of two or more stations, except amateur and
broadcast, 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 has 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 traflic of any kind, to demonstrate equipment
far 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. 5.225. Describe the procedure of a radiotelegraph
transmission in which one station calls another.

Ans. The call shall consist of the following:

1. The call signal of the station called transmitted not more
than three times.

2. The word DE.

3. The call signal of the calling 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. Overexcitation 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. 5.230. 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 crystal 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.)

OUTPUT
LEADS
AUTGTRANSFORMER }

(+)
{ (_)TO BATTERY

—~—GRAPHITE BUTTON
(ANODE)

T ~ARGON GAS
FILLED TUBE

NTUNGSTEN FILAMENT

~

\
PRIMARY— L SECONDARY "\
SECTION (FILAMENT “~SECONDARY
(AC. INPUT) SECTION) (BATTERY CHARGING
VOLTAGE SECTION)

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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F1a. 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. 4.175, 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, 4.176, 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. See Fig. 5-9.

+ +
"—_l- COLD CATHODE n R
I/ \“/TUBE \:
L0, 4 TO el S 1y
To N3 FILTER !g_ ) ) LREGULATED
A.C. SUPPLY UNIT <1/ \{ OUTPUT
+ / 2
NG cOLD i
T T3 CATHODE | TUBE | |
N =
(a) (8}
COLD CATHODE COLD CATHODE
RECTIFIER REGULATOR

NOTE:
USE OF GROUND DEPENDS ON
CIRCUIT REQIREMENTS

Fia. 5-9. Cold-cathode or glow-discharge tube rectifier 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 rectifier tube, defective voltage
regulator tube (if used), insufficient filter capacitance, defec-
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tive input coil, or high resistance in the filter chokes. (Sec
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 applying 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. A 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
12.5 is to be trickle charged at a 0.5-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:

E—e 110—125
R = 7 = 035 = 195 ohms.

Ques. 5.242. If the power input to a radio receiver is 756
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-arc 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 thermojunection 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. See Fig. 2-29. Some types of thermo-
couples are composed of copper-constantan, nickel-zinc,
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. 3.206 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. Each
crystal (if a number are used) is limited mainly to one operating
frequency where maximum precision 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.
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Fic. 5-10. Triple detection M superheterodyne for mobile, land, and ship

communication.

Ques. 5.251.

Draw a block diagram of a superheterodyne
receiver designed for reception of FM signals.

Ans. See Fig. 3-14.

Ques. 5.252.

Draw a block diagram of a tuned radio-
frequency type receiver.

Ans.  See Figs. 3-20 and 5-11.
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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 CW reception it is advisable to in-
crease the radio-frequency gain control to a sufficiently high
level and adjust the audio-frequency gain control to a point on
whieh the output noise level is of a moderate intensity. The
AVC switch should be in the ON 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. 5.254. 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-
creases 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. 5.266. Draw a simple schematic diagram of an FM
receiver discriminator.

Ans.  See Fig. 4-2J.
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Ques. 5.256. 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. 5.257. Draw a simple schematic diagram of a diode
detector.

Ans.  See Figs. 2-18 and 4-19.

Ques. 5.258. 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 damage to the tube or other plate-circuit 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-G, and 5-12.
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Fi1e. 5-12.

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 circuit.
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.
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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. ITowever, 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
harmonics, modulation by it will produce an infinite number
of side frequencies. Fortunately, however, the amplitudes of
these harmonics decrease very rapidly, so that the higher order
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harmonics 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
treqgaencies which will oceupy a band width of approximately
2 X 40 X 40 = 3,200 cycles per second.

Irn 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. 5.270. Draw a block diagram of an FM transmitter.

Ans. See Fig. 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.

Ans. 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 CW 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. 1In 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. (See 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:

Eey = IR = 0.125 X 500 = 62.5 volts.
(110 — 62.5 = 47.5 volts)
E 415

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. Frequency shift keying is essentially a narrow-band
frequency-modulation system. In this system, information is
transmitted by shifting the carrier frequency back and forth
between two specific frequencies to designate marks and spaces,
instead of the conventional on-and-off method of keying. It is
used primarily for automatic code transmission and reception of
telegraph, facsimile, teletype, and radiophoto signals.

Frequency 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 crystal to be shifted in accordance with
the required markers and spaces to be transmitted.

Cues. 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. Harmonic 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. Harmonic 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. Harmonic 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
harmonics. 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 Hertz 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.
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Ans. See Fig. 3-19. (See also Ques. 2.276.)

Ques. 5.285. What are the advantages and disadvantages
of using an absorption-type wavemeter in companson 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.  (See 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
structure 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.)
336



www.americanradiohistory.com

RADIOTELEGRAPH Element b

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 II.

Ques. b5.293. Where should the operator on duty at a
manually operated radiotelegraph station post his operator
license or permit?

Ans. See Appendix II

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. He shall inspeet 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 Communication Station
or Office of the Civil Aeronautics Administration (CAA) any
observed failure of the tower lights not corrected 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 = 1414:1.

0.707
1
kt = —— =1.57:1.
Peak to average 0.637 1.57:1
. 0.707
ff =_——— = 111:1,
Effective to average 0.637 1.11:1

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.

“Eddy currents” 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 field 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 ohms.

Ques. 6.06. What changes in circuit constants will double
the resonant frequency of a resonant circuit?

Ans. By halving the inductance and the capamtance
values or dividing the LC value by 4.

Ques. 6.06. How may the @ of a parallel resonant circuit
be increased?

Ans. The Q of a parallel resonant circuit is determined by

2
the ratio, % Increasing the @ is generally 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 dielectric 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 @ of oscillatory circuits although such factors
as core material and mutual coupling must also be considered
in changing the @, 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 z 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

. . Ri X R
resistance we obtain, Ry = R—l—:(_—RZ = 3.42 ohms.
1

Thus, Rs + R4 = 80.42 ohms.

Ques. 6.09. Assume an inductance of b 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 theorctically infinite. This may be seen from the
parallel-resonance impedance equation,
— XL2
" 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.

z

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 cyecles 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
proiection 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,

. [z,  [500 _ .
Turns ratio = 7. = \10 = 7.1, or 7.1:1.

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 decreasing
the source voltage.

Ques. 6.17. What is the line current of a single phase

‘T-horsepower alternating-current motor when operating from a

1920-volt line at full-rated load and at a power factor of 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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_ P

~ E X pf. X Ef.
B 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?

A=as. 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_
full-load voltage

Voltage regulation =

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 higher
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-

yi o quently no deflection of these
& values can be obtained with ordi-
A nary alternating-current meters.
/ ) The theoretical reason for this
|/ } condition may be more clearly
\\ / understood by analyzing the ac-
\ / tion of the electro-dynamometer.
\I[/ This is an alternating-current or
A Fixeo rixeo”  alternating-voltage indicating de-
coi. con vice which operates upon the

}:‘l‘;-e ot 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
turr: 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 direct 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
Power factor = - OF 77

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
ciass 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,
’mZPo.

Pret = 2n

where m = modulation factor.
n = estimated efficiency of the class C amplifier.
Py = 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 X 120
2Xn 1.2

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.

= 25 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 cyeles 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.

fuiie

TYPE AO AND A} TYPE A2 (FULL WAVE)

§

+__f|l lﬂ "lrt _l11|V|: _ﬂl|\__[|i_ |]\|1|;[‘ "J‘J‘r

[

TYPE A2 ( CHOPPER)

A ﬁ A\
-\ S
TYPE A4 AND AS

Fig. 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
impedance) 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. Efficiency is about 33
per cent.

Linear plate- and grid-modulation systems produee 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 114 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 frecquency and amplitude, 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, in a 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. Whatis 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 posit