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GENERAL INFORMATION

The questions printed herein are representative of the scope of
the questions contained in the various elements of the commer-
cial radio operator examination.

Element 1 of the examination consists of 20 questions and 5 per-
cent credit will be allowed for each question answered correctly.
Elements 2, 4, 5 and 8 of the examination contain 50 questions
each. Two percent credit will be allowed for each correct solu-
tion. Elements 3, 6 and 7 consist of 100 questions each and 1
percent credit will be allowed for each correct solution to these
questions.

The 50 questions of Element 2 are subdivided so that a candi-
date who wishes to do so may, for 10 of the questions, select
the subject to be dealt with from one of three fields, namely
ship, coastal, or aircraft radiotelephony.

None of the questions in the commercial radio operator license
examination requires an essay or explanatory type of answer.
In answering the type of question in which several choices are
given, the applicant must choose one (and only one) of the
answers shown. The numeral preceding the answer which is
selected as correct must be inserted in the space which is pro-
vided at the right-hand side of the question. Two examples of
this type of question are given below:

965.07 Seattle is located in:

1. Nebraska.

2. New York.

3. Oregon.

4. Washington.

5. Texas. 4

965.08 Seattle is not located in:
1. The Western Hemisphere.
2. The United States.
3. North America.
4. Washington.
5. Canada. 5
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(If)

The other types of questions which may be found in the
examination are to be answered by the solution of a simple
mathematical problem, the drawing of a diagram, the completion
of an incomplete diagram, or the correction of an incorrect dia-
gram, as required. In the correction of an incorrect diagram,
any connection or symbol which is to be eliminated shall be
crossed out by means of a wavy line or by short diagonal cross
lines.

The applicant must sign his name in the space which is pro-
vided on each sheet of the examination. Before beginning the
examination, the applicant should read carefully the instructions
printed on the element envelope.

All paper for writing examinations will be furnished. Books
or papers may not be taken into the examining room.

Additional information pertaining to the commercial radio
operator examinations may be found in part 13 of the Com-
mission’s rules, published as a separate document and normally
obtainable from the Superintendent of Documents, U. S. Printing
Office, Washington 25, D. C.

Regulatory information commonly used in preparing for com-
mercial radio operator examinations is to be found in appendix
I, which contains extracts from the following:

Communications Act of 1934, as amended.

International Radio Regulations, Atlantic City, 1947.

International Telecommunication Convention, Atlantic City,
1947.

Telegraph Regulations (Paris Revision, 1949).

Civil Air Regulations.

International Civil Aviation Organization Publications.

Agreement Between the United States of America and
Canada for Promotion of Safety on the Great Lakes by
Means of Radio.

Rules and Regulations of the Federal Communications Com-
mission.

Appendix 1I contains tables of abbreviations used in radio
communications and the International Telegraph Code with punec-
tuation symbols.

Appendix IIl contains material for use in preparing for LEle-
ments 2 and 5.

KEY TO ABBREVIATIONS

Sec. - Refers to a section of the Communications Act of 1934.

Art. . ____ Refers to an article of the International Radio Regulations
(Atlantic City 1947).

R.&R. ....__ Refers to a provision of the Rules and Regulations of the

Federal Communications Commission.

|
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GLR ________ Refers to regulations annexed to Agreement between the
United States and Canada for Promotion of Safety on the
Great Lakes by Means of Radio.

CAR ________ Refers to Civil Air Regulations.

ICAO .______ Refers to International Civil Aviation Organization Publica-
tions.

S. G. E. P. ___Standards of Good Engineering Practice.

T.R. _______ Refers to the International Telegraph Regulations (Paris Re-

vision, 1949).

Caveat: The revision of the Study Guide in which this caveat appears is
based upon the Communications Act of 1934, as amended to May 15,
1955, and Commission Rules and Regulations and all treaty and con-
vention provisions in force on that date.
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ELEMENT I
QUESTIONS ON BASIC LAW

1. Where and how is an operator license or permit obtained?’
(R. & R. Part 13.11.)

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

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

4. How soon does the FCC require a response to a Notice of
Violation? (R. & R. 1.401.)

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

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

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

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

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

10. How soon after receiving notification of suspension of an
operator license or permit does a suspension order become effec-
tive? (Sec. 303 (m).)

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

12. Is it prohibited by law to transmit unnecessary and super-
fluous signals? (Art. 18-1.) Is profane and obscene language
prohibited? (Criminal Code 18, U. S. C. 1464.)

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

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

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

(1)
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16. 1s it permissible to operate pending receipt of a duplicate
operator license or permit after application has been made for
reissue? (R. & R. 13.72.)

17. What provision is made for operation without an actual
operator license or permit pending receipt of a duplicate? (R. &
R. 13.71.)

18. Is the holder of a radiotelephone third-class operator per-
mit authorized to makeé technical adjustments to the transmitter
he operates? (R. & R. 13.61.)

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

20. Are communications bearing upon distress situations sub-
Ject to the secrecy provisions of law? (Sec. 605.)

21. What penalty is provided by law for willful and knowing
violation of regulations imposed by the Federal Communications
Commission and of radio treaties? (Sec. 502.)

22. What penalty is provided by law for willful and knowing
violation of the radio laws? (Sec. 501.)

23. Are radio stations subject to inspection by the Federal
Communications Commission? (Sec. 303 (n).)

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

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

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

27. Under what conditions may a mobile radio station send a
distress message for another mobile station in distress? (Art.
37-18.)

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

29. What does the distress call consist of when sent by radio-
telephony? (Art. 37-12.)

30. How may necessary corrections to the log record be made?
(R. & R. 7.192, 8.184, 9.156.)

31. How soon before expiration of an operator license or per-
mit should application be made for renewal? (R. & R. 13.11.)

32. Is it prohibited by law to transmit false or fraudulent sig-
nals of distress? (Sec. 325.)

33. What is the priority of the urgency signal? (R. & R.
8.177.) 3




ELEMENT II
BASIC OPERATING PRACTICE
GENERAL

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

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

3. Is it required that a person listen on a channel before
transmitting ?

4. Why is it advisable to listen on a channel before transmit-
ting?

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

6. How can the radiotelephone installation be tested?

7. Before placing the transmitting apparatus of a radio sta-
tion in operation for a test what precautions must be taken?

8. What is the correct form for transmitting a distress call
by radiotelephony? (Art. 37-12.)

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

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

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

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

13. In radiotelephone communications why should the operator
use well-known words and phrases and simple language as much
as possible?

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

15. What must the operator do if he is told that he is interfer-
ing with a distress call? (Art. 37-13.)

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

(3)
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17. What is indicated by the word ‘“‘out” when transmitted at
the end of a radiotelephone communication?

18. Can a radio operator always consider his radiotelephone
conversation completely confidential and not heard by other per-
sons?

19. In calling a station by radiotelephony how many times does
the calling station generally repeat the call sign or name of the
calling station in each calling transmission?

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

21. Under normal conditions would a transmission on a calling
frequency be proper if the receiver for that frequency was in-
operative?

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

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

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

25. Should messages bearing upon safety, including weather
information, he given priority over business messages? (R. & R.
8.177.)

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

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

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

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

30. Why is rapid frequency change of the transmitter and
receiver desirable?

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

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

33. Under what conditions may a radiotelephone station employ
a calling frequency as contrasted to a working frequency? (Art.
34-9.)

34. In calling a station by radiotelephony should the calling
station repeat the call sign or name of the called station in each
calling transmission more than three times?
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35. Why should stations using a shared frequency leave an
interval between calls?

36. Under what conditions may it be desirable to repeat im-
portant words by radiotelephony ?

37. What is the operator’s responsibility upon hearmg a dis-
tress call in the mobile services?

38. Is it good practice to listen on the working frequency to
be later used before making an initial call on the calling fre-
quency?

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

40. State why station identification should be clearly made by
a radio transmitting station.

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

42. What is the order of priority for radiotelephone com-
munications?

SPECIAL

1. In making a ship-to-ship contact, except in an emergency
involving safety, how long may a ship radiotelephone station
continue calling in each instance? (R. & R. 8.366.)

2. Except in an emergency involving. safety, if a ship radio-
telephone station does not receive a reply after calling, how long
must it wait before calling again? (R. & R. 8.366.)

3. What types of communications may be transmitted by ship
stations on the ship-to-ship frequencies between 2000 and 3000
ke? (R. & R. 8.366.)

4. In regions of heavy traffic how long may the ship-to-ship
radiotelephone frequencies between 2000 and 3000 kec. be used
for any one exchange of communications? (Other than distress
and emergency communications.) (R. & R. 8.366.)

5. How is a ship radiotelephone station required to be identi-
fied in connection with its operation? (R. & R. 8.364.)

6. Do public coast stations normally charge for forwarding
messages reporting dangers to navigation? (R.& R. 7.179.)

7. How does the licensed operator of ship radiotelephone sta-
tion exhibit his authority to operate the station? (R. & R. 13.6,
8.156.)

8. If a radiotelephone installation provided on board ship for
safety purposes, in accordance with treaty, becomes defective
what action must the licensed operator take? (GLR-2.)
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9. Who signs the radio log of a ship radiotelephone station
certifying to entries made therein? (R. & R. 8.368.)

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

11. Who may operate the radiotelephone set aboard a vessel?
(R. & R. 8.151, 13.61.)

12. Is it necessary for all vessels having knowledge of distress
traffic to follow the traffic even if they do not take part in it?
(Art. 37-24.)

13. What is the proper form to use in acknowledging a distress
message? (Art. 37-27, 34-6.)

14. What information is required to be sent following ac-
knowledgment of a distress message? (Art. 37-28.)

15. Is it necessary that the authority of the master or person
responsible for the vessel be obtained prior to sending informa-
tion required following acknowledgment of a distress call? (Art.
37-28.)

16. Is it desirable that care be taken to ensure an acknowledg-
ment to a distress message will not interfere with other acknowl-
edgments from vessels better able to assist? (Art. 37-19.)

17. Is a vessel which hears a distress message but is not in a
position to assist required to take all possible steps to attract
the attention of stations which might be in a position to assist?
(Art. 37-29.)

18. Is it necessary to make a trial of the ship radiotelephone
installation every day? (GLR-2.)

19. How can the radiotelephone installation be tested each
day? (GLR-2.)

20. If the radiotelephone ship installation is normally used
during the day is it necessary to make any special test com-
munication for the purpose of trying the radio? (GLR-2.)

21. How would you contact another vessel prior to actually
communicating with it for routine communication purposes?

22. What radio channel is used for communicating with the
United States Coast Guard?

23. What procedure would you use in contacting the United
States Coast Guard?

24. Is it permissible to use 2182 ke. for establishing contact
prior to communicating on an appropriate public correspondence
channel ?

25. What procedure would you use in contacting a coast station
on 2,182 kec. and what would you say over the air?

26. Is it permissible to communicate with coast stations or
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any other station on 2182 ke. except for safety purposes? (R. &
R. 8.352, 8.353, 8.366.)

27. Give a typical procedure you might use to call a vessel
when its identity is not known.

28. What daily attention should be given to the antenna tower
lights at a radio station? (R. & R. 17.37.)

29. What should be done in case of failure of the antenna tower
lights at a radio station? (R. & R. 17.37.)

30. How should station identification be made at a coast sta-
tion using radiotelephony? (R. & R. 7.310.)

31. If a licensed radio operator at the controls of a radio
station observes obscene language being spoken by another per-
son and transmitted through the facilities of the station, what
action should he take?

32. If a coast station hears a distress call from a mobile sta-
tion what action, if any, should the operator on duty take?
(Art. 37-13.)

33. Under what circumstances should a public coast station
employing radiotelephony use a calling frequency in establishing
a communication circuit with a ship or aircraft? (R. & R. 7.305.)

34, What type of radiotelephone communications must be
handled free by a public coast station which normally charges for
its service? (R. & R. 7.179.)

35. When calling a mobile radiotelephone station but receiving
no immediate reply, how often may a coast station using radio-
telephony repeat the call? (R. & R. 7.312.)

36. What is meant by “safety communication” in the maritime
mobile service? (R. & R. 7.7.)

37. What are the requirements with respect to log-keeping at
a coast station using radiotelephony? (R. & R. 7.314.)

38. Under what conditions may a coast station intervene in a
distress situation? (Art 37-25, 29.)

39. To what extent may a coast station using radiotelephony
communicate with stations other than ship stations? (R. & R.
7.302.)

40. What is indicated by the use of the word “break” in a
radiotelephone conversation?

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

42. What is indicated by the expression ‘“words twice” when
transmitted by radiotelephone?

43. What is indicated by the use of the words ‘“read back” in
a radiotelephone communication?
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44. For what purpose is the frequency 121.5 Mec. authorized
to be used by an aircraft radio station? (R. & R. 9.312.)

45. What is the national calling and working frequency for air
carrier aircraft? (R. & R. 9.321.)

46. In lieu of using a call sign, how may a private aircraft
telephone station be identified in the course of operation? (R. &
R. 9.191.)

47. What types of communications or messages is an aircraft
radiotelephone station authorized to transmit? (R. & R. 9.311.)

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

49. How is the communication range of an aircraft radio
station on a very high frequency dependent upon the altitude of
the aircraft?

50. Why should an aircraft station avoid making unnecessary
on-the-air tests?

51. What is the normal calling procedure of a private aircraft
for contacting a control tower?

52. How should an air carrier aircraft radiotelephone station
normally be identified in operation in lieu of using the call sign?
(R. & R. 9.191.)

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

54. What radio channel or channels are used by ships for
communicating by radiotelephone with the U.S. Coast Guard?
(R. & R. 8.352.)

55. Is it general practice for a ship to use 2182 kc. for estab-
lishing contact prior to communicating with a coast station on an
appropriate public correspondence channel? (R. & R. 8.366.)

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

57. What entries must be made in the logs or records of radio
stations required to have antenna tower lights? (R. & R. 17.38.)

58. What attention should be given periodically to the antenna
tower lights and associated apparatus at a radio station? (R. &
R. 17.37.)

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



ELEMENT III
BASIC RADIOTELEPHONE

1. By what other expression may a “difference of -potential”
be described?

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

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

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

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

6. If the value of a resistance, to which a constant emf is
applied, is halved, what will be the resultant proportional power
dissipation?

7. 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?

8. What is the sum of all voltage drops around a simple d. c.
series circuit, including the source?

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

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

11. Name four materials which are good insulators at radio
frequencies. Name four materials which are not good insulators
at radio frequencies, but which are satisfactory for use at com-
mercial power frequencies.

12. Explain the factors which influence the resistance of a
conductor.

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

14. Name four conducting materials in the order of their
conductivity.

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

(9)
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16. Explain the effect of increasing the number of plates upon
the capacitance of a condenser.

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

18. State the formula for determining the quantity or charge
of a condenser. The energy stored in a condenser.

19. Neglecting temperature coefficient of resistance 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?

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

21. Which factors influence the direction of magnetic lines of
force generated by an electromagnet?

22. Define the term “permeability.”

23. What unit is used in expressing the alternating current
impedance of a circuit?

24. What is the unit of resistance?

25. Explain the meaning of the prefix ‘“micromicro”.

26. What is the unit of capacitance?

27. What single instrument may be used to measure electrical
resistance? Electrical power? Electrical current? Electromotive
force?

28. Define the term “residual magnetism.”

29. What is the unit of electrical power?

30. What is the unit of conductance?

31. What is the unit of inductance?

32. What is the meaning of the prefix “kilo”?

33. What is the meaning of the prefix “micro”?

34. What is the meaning of “power factor”?

35. What is the meaning of the prefix “meg.”?

36: Define the term “conductance.”

37. What instrument is used to measure current flow?

38. Define the term “decibel.”

39. What is meant by “ampere turns”?

40. Define the term “inductance.”

41. Define the term “coulomb.”

42. State the three ordinary mathematical forms of Ohm’s Law.

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

44. If the voltage applied to a circuit is doubled and the re-
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sistance of the circuit is increased to three times its former value,
what will be the final current value?

45. What should be the minimum power dissipation rating of a
resistor of 20,000 ohms to be connected across a potential of 500
volts?

46. If resistors of 5, 3, and 15 ohms are connected in parallel,
what is the total resistance?

47. What is the maximum rated current carrying capacity of a
resistor marked ‘5,000 ohms, 200 watts”? .

48. A milliammeter with a full-scale deflection of 1 milliampere
and having a resistance of 25 ohms, was used to measure an un-
known current by shunting the meter with a four (4) ohm re-
sistor. It then read 0.4 milliamperes. What was the unknown
current value?

49. What will be the heat dissipation, in watts, of a resistor of
20 ohms having a current of one-quarter (14) ampere passing
through it?

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

51. What is the formula used to determine the total capacitance
of three or more capacitors connected in series?

52. If condensers of 1, 3, and 5 microfarads arc connected in
parallel, what is the total capacitunce?

53. If condensers of 5, 3, and 7 microfarads are connected in
series, what is the total capacitance?

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

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

56. The voltage drop across an individual condenser of a group
of condensers connected in series across a source of potential is
proportional to what factors?

57. What factors determine the charge stored in a condenser?

58. Given two identical mica condensers of 0.1 mfd. capacitance
each. One of these is charged to a potential of 125 volts and dis-
connected from the charging circuit. The charged condenser is
then connected in parallel with the uncharged condenser. What
voltage will appear across the two condensers connected in
parallel ?

59. What is the effect of adding an iron core to an air core
inductance?

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

T02-0€0 O - €6 - 2
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61. What is the relationship between the number of turns and
the inductance of a coil?

62. Define the term “reluctance”.

63. State the formula for determining the resonant frequency
of a circuit when the inductance and capacitance are known.

64. What is the formula for determining the power in a d. c.
circuit when the voltage and resistance are known?

65. What is the formula for determining the power in a d. c.
circuit when the current and resistance are known?

66. What is the formula for determining the power in a d. c.
circuit when the current and voltage are known?

67. What is the formula for determining the wavelength when
the frequency, in kilocycles, is known?

68. State Ohm’s Law for a. c. circuits.

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

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

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

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

73. Draw a simple schematic diagram of a crystal controlled
vacuum tube oscillator. Indicate power supply polarity.

74. Draw a simple schematic diagram showing a Colpitts type
triode oscillator, with shunt-fed plate. Indicate power supply
polarity.

75. Draw a simple schematic diagram showing a tuned-grid
Armstrong type triode oscillator, with series-fed plate. Indicate
power supply polarity.

76. Draw a simple schematic diagram of an electron coupled
oscillator, indicating power supply polarities where necessary.

77. Draw a simple schematic diagram of a pentode type tube
used as a crystal controlled oscillator, indicating power supply
polarities.

78. Draw a simple schematic circuit showing a method of
coupling a high impedance loudspeaker to an audio-frequency
amplifier tube without flow of tube plate current through the
speaker windings, and without the use of a transformer.
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79. Draw a simple schematic diagram of a triode vacuum tube
audio frequency amplifier inductively coupled to a loudspeaker.

80. Draw a simple schematic circuit showing a method of re-
sistance coupling between two triode vacuum tubes in an audio
frequency amplifier.

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

82. Draw a simple schematic diagram of a method of im-
pedance coupling between two vacuum tubes in an audio frequency
amplifier.

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

84. Draw a simple schematic diagram showing a method of
coupling between two tetrode vacuum tubes in a tuned radio fre-
quency amplifier.

85. Draw a simple schematic diagram showing a method of
coupling between two triode vacuum tubes in a tuned radio fre-
quency amplifier, and a method of neutralizing to prevent oscil-
lation.

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

87. Draw a simple schematic diagram of a triode vacuum tube
connected for plate or “power” detection.

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

89. Draw a simple schematic circuit of a regenerative detector.

90. Draw a simple schematic circuit of a radio frequency
doubler stage, indicating any pertinent points which will dis-
tinguish this circuit as that of a frequency doubler.

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

92, Draw a simple schematic diagram showing the method of
connecting three resistors of equal value so that the total re-
sistance will be one and one-half times the resistance of one unit.

93. Draw a simple schematic diagram showing the method of
connecting three resistors of equal value so that the total re-
sistance will be one-third of one unit.

94. Draw a simple schematic diagram showing the method of
connecting three resistors of equal value so that the total re-
sistance will be three times the resistance of one unit.
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95. Draw a diagram of a single-button carbon microphone cir-
cuit, including the microphone transformer and source of power.

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

97. Describe the electrical characteristics of the pentode,
tetrode, and triode.

98. What are the visible indications of a “soft” tube?

99. Describe the physical structure of a triode vacuum tube.

100. Describe the physical structure of a tetrode vacuum tube.

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

102. What is the meaning of “secondary emission”?

103. What is the meaning of “electron emission”?

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

105. During what approximate portion of the excitation volt-
age cycle does plate current flow when a tube is used as a class
C amplifier?

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

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

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

109. Does a properly operated class A audio amplifier produce
scrious modification of the input wave form?

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

111. What is meant by a “blocked grid”?

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

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

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

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

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

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

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

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

120. What is the principal advantage of the tetrode as com-
pared to the triode, when used in a radio receiver?
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121. What is the principal advantage in the use of a diode
detector instead of a grid-leak type triode detector?

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

123. What operating conditions determine that a tube is being
used as a “power detector’?

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

125. Why is it advisable to reverse periodically the polarity of
the filament potential of high power vacuum tubes when a d. c.
filament supply is used?

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

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

128. Explain the operation of a “grid leak” type detector.

129. List and explain the characteristics of a “square law”
type of vacuum tube detector.

130. Explain the operation of a diode type of detector.

131. Explain the operation of a “power” or “plate rectifica-
tion” type of vacuum tube detector.

132. Is a “grid leak” type of detector more or less sensitive
than a “power” detector (plate rectification) ? Why?

133. Describe what is meant by a ‘“‘class A amplifier.”

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

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

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

137. Why are tubes, operated as class C amplifiers, not suited
for audio frequency amplification?

138. Draw a circuit of a “frequency doubler” and explain its
operation. .

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

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

141. What factors may cause low plate current in a vacuum
tube amplifier?

142. Given the following vacuum tube constants Ep=1,000
volts, IP =150 ma., Ig=10 ma., and grid leak=5,000 ohms, what
would be the value of d. c. grid bias voltage?

143. Explain how you would determine the value of cathode




16

bias resistance necessary to provide correct grid bias for any
particular amplifier.

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

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

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

147. How does a primary cell differ from a secondary cell?

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

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

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

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

152. Describe three causes of a decrease in capacity of an
Edison type storage cell.

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

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

155. What will be the result of discharging a lead-acid storage
cell at an excessively high current rate?

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

157. A six volt storage battery has an internal resistance of
0.01 ohm. What current will flow when a 3 watt, 6 volt lamp
is connected ?

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

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

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

161. If the charging current through a storage battery is main-
tained at the normal rate, but its polarity is reversed, what will
result?

162. What are the effects of sulphation?

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

164. Why is laminated iron or steel generally used in the con-
struction of the field and armature cores of motors and generators
instead of solid metal?
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165. What is the purpose of “commutating poles” or “inter-
poles” in a d. ¢. motor?

166. How may the output voltage of a separately excited a. c.
generator, at constant output frequency, be varied?

167. If the field of a shunt wound d. c. motor were opened
while the machine was running under no load, what would be the
probable result(s) ?

168. Name four causes of excessive sparking at the brushes of
a d. c. motor or generator.

169. What is the purpose of a commutator on a d. c. motor?
On a d. c. generator?

170. What is meant by “counter emf” in a d. c¢. motor?

171. What determines the speed of a synchronous motor?

172. Describe the action and list the main characteristics of a
shunt wound d. c. motor.

173. Describe the action and list the main characteristics of a
series d. c. motor.

174. Describe the action and list the main characteristics of a
series d. c. generator.

175. List the main advantages of a full wave rectifier as com-
pared to a half wave rectifier.

176. Why may a transformer not be used with direct current?

177. What are the primary advantages of a high vacuum rec-
tifier as compared to the hot cathode mercury vapor rectifier?

178. What are the primary characteristics of a gas filled recti-
fier tube?

179. What are the primary advantages of a mercury vapor
rectifier as compared to the thermionic high vacuum rectifier?

180. Why is it desirable to have low resistance filter chokes?

181. When filter condensers are connected in series, resistors
of high value are often connected across the terminals of the in-
dividual condensers. What is the purpose of this arrangement?

182. What is the primary purpose of a “bleeder” as used in a
filter system?

183. Describe the construction and characteristics of a thermo-
couple type of meter; of a wattmeter.

184. Describe the construction and characteristics of a “D’Ar-
sonval” type meter.

185. Describe the construction and characteristics of a repul-
sion type ammeter.

186. Describe the construction and characteristics of a dy-
namometer type indicating instrument.

187. If two voltmeters are connected in series, how would you
be able to determine the total drop across both instruments?
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188. What type of meters may be used to measure radio fre-
quency currents?

189. Why are copper-oxide rectifiers, associated with d. c. volt-
meters for the purpose of measuring a. c., not suitable for the
measurement of voltages at radio frequencies?

190. If two ammeters are connected in parallel, how may the
total current through the two meters be determined?

191. 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?

192. Does an a. c. ammeter indicate peak, average or effective
values of current?

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

194. How may a d. c¢. milliammeter, in an emergency, be used
to indicate voltage?

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

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

197. What is the purpose of a “shunt” as used with an am-
meter?

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

199. What would be the effect of a short-circuited coupling con-
denser in a conventional resistance coupled audio amplifier?

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

201. What is the effect of local action in a lead-acid storage
cell and how may it be compensated?

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

203. When should distilled- water be added to a lead-acid stor-
age cell and for what purpose?

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

205. Describe the care which should be given a group of stor-
age cells to maintain them in good operating condition.

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

207. What may cause “sulphation’” of a lead-acid storage cell?

208. What chemical may be used to neutralize a storage cell
acid electrolyte?
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209. What steps may be taken to prevent corrosion of lead-
acid storage cell terminals?

210. Why are bypass condensers often connected across the
brushes of a high voltage d. c. generator?

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

212. How may the radiofrequency interference, often caused
by sparking at the brushes of a high-voltage generator, be mini-
mized?

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

214. What may cause packing of the carbon granules in a car-
bon button microphone?

215. Why should polarity be observed in connecting head tele-
phones directly in the plate circuit of a vacuum tube?

216. What precautions should be observed in the use of a
double-button carbon microphone?

217. If low impedance head telephones of the order of 75 ohms
are to be connected to the output of a vacuum tube amplifier, how
may this be done to permit most satisfactory operation?

218. What is the effect on the resonant frequency of connecting
an inductor in series with an antenna?

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

220. What is the velocity of propagation of radio frequency
waves in space?

221. What is the relationship between the electrical and phy-
sical length of a Hertzian antenna?

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

223. What will be the effect upon the resonant frequency 1f
the physical length of a Hertzian antenna is reduced?

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

225. What factors determine the resonant frequency of any
particular antenna?

226. If the resistance and the current at the base of a Marconi
antenna are known, what formula could be used to determine the
power in the antenna?

227. Does the resistance of a copper conductor vary with varia-
tions in temperature and if so, in what manner?

228. What material is best suited for use as an antenna strain
insulator which is exposed to the elements?
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229. What material is frequently used for relay contacts?
Why?

230. Describe the operation of a crystal detector (rectifier).

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

232. What is meant by a “harmonic”?

233. Why should all exposed metal parts of a transmitter be
grounded?

234. What is the difference between electrical power and elec-
trical energy?

235. How can the direction of flow of d. c. electricity in a
conductor be determined?

236. What instrument measures electric power?

237. What instrument measures electrical energy?

238. What is an electron? An ion?

239. With respect to electrons, what is the difference between
conductors and non-conductors?

240. Describe an electrolyte.

241. What is an “A” battery? A “B” battery? A “C” battery?

242. What are the lowest radio frequencies useful in radio
communication?

243. What radio frequencies are useful for long distance com-
munications requiring continuous operation?

244. What frequencies have substantially straight-line propa-
gation characteristics analogous to that of light waves and un-
affected by the ionosphere?

245. What effect do sun spots and aurora borealis have on radio
communications?

246. What type of modulation is largely contained in “static”
and “lightning” radio waves?

247. What types of radio receivers do not respond to static
interference?

248. What crystalline substance is widely used in crystal oscil-
lators?

249. Why is the crystal in some oscillators operated at constant
temperature?

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

251. What is the seventh harmonic of 360 kilocycles?

252. Describe the directional characteristics of the following
types of antennas:

(a) Horizontal Hertz Antenna.
(b) Vertical Hertz Antenna.
(c¢) Vertical Loop Antenna.
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(d) Horizontal Loop Antenna.
(e) Vertical Marconi Antenna.
253. What is meant by the efficiency of a radio device?
254. What form of energy is contained in a sound wave?
255. What characteristic determines the pitch of a sound?
256. How many micromicrofarads are there in one microfarad?
257. What is the difference between a milliwatt and a killo-
watt ?
258. What precaution should be observed when connecting elec-
trolytic condensers in a circuit?
259. Show by a diagram how to connect battery cells in series.
260. Show by a diagram how to connect battery cells in paral-
lel.

261. What material is used in the electrodes of a common dry
cell?

262. If the period of one complete cycle of a radio wave is
0.000001 second, what is the wave length?

263. Compare the selectivity and sensitivity of the following
types of receivers:

(a) Tuned radio frequency receiver.
(b) Superregenerative receiver.
(¢) Superheterodyne receiver.

264. What type of radio receivers contain intermediate fre-
quency transformers?

265. What type of radio receiver is subject to image interfer-
ence?

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

267. Describe the operation of a regenerative type receiver.

268. How may a regenerative type receiver be adjusted for
maximum sensitivity ?

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

270. What is meant by double detection in a receiver?

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

272. What is the purpose of an oscillator in a receiver operat-
ing on a frequency near the intermediate frequency of the re-
ceiver?

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

274. What is a “getter” in a vacuum tube?

275. What is “space charge” in a vacuum tube?
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276. Explain the operation of a triode vacuum tube as an
amplifier.

277. What is the approximate efficiency of a class A vacuum
tube amplifier? Class B? Class C?

278. Does d. c. grid current normally flow in a class A ampli-
fier employing one tube?

279. Why must some radio frequency amplifiers be neutralized ?

280. Describe how a vacuum tube oscillates in a circuit?

281. Is the d. c. bias normally positive or negative in a class A
amplifier?

282. What is the composition of filaments, heaters and cathodes
in vacuum tubes?

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

284. Draw a diagram showing a method of obtaining grid bias
to an indirectly heated cathode type vacuum tube by use of a
resistance in the cathode circuit of the tube.

285. Draw a diagram showing a method of obtaining grid
bias to a filament type vacuum tube by use of a resistance in the
plate circuit of the tube.

286. What is the impedance of a solenoid if its resistance is 5
ohms and 0.3 amperes flow through the winding when 110 volts
at 60 cycles is applied to the solenoid?

287. What is the conductance of a circuit if 6 amperes flow
when 12 volts d. c. is applied to the circuit?

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

289. What safety precautions should a person observe when
making internal adjustments to a television receiver to avoid
personal injury?

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

291. Do oscillators operating on adjacent frequencies have a
tendency to synchronize oscillation or drift apart in frequency?

292, What form of energy is stored in lead type storage bat-
teries?

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

294. If a 1,500 kilocycle radio wave is modulated by a 2,000
cycle sine wave tone, what frequencies are contained in the
modulated wave?

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



23

296. What are cathode rays?

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

298. What is the purpose of a buffer amplifier stage in a trans-
mitter?

299. What determines the speed of a synchronous motor? An
induction motor? A d. c. series motor?

300. What is the total resistance of a parallel circuit consisting
of one branch of 10 ohms resistance and one branch of 25 ohms
resistance?

301. Draw a diagram of a resistance load connected in the
plate circuit of a vacuum tube and indicate the direction of
electronic flow in this load.

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

303. Show by a diagram how a voltmeter and ammeter should
be connected to measure power in a d. e. circuit.

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

305. Draw a graph indicating how the plate current in a
vacuum tube varies with plate voltage, grid bias remaining con-
stant.

306. Indicate by a drawing two cycles of a radio frequency
wave and indicate one wave length thereof.

307. Explain the purposes and methods of neutralization in
radio-frequency amplifiers.

308. 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?

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

310. What is the meaning of “phase difference”?

311. What factors must be known in order to determine the
power factor of an alternating current circuit?

312. What are the properties of a series condenser, acting
alone in an a. c. circuit?

313. What is the reactance value of a condenser of 0.005
microfarad at a frequency of 1000 kilocycles?

314. State the mathematical formula for the energy stored in
the magnetic field surrounding an inductance carrying an electric
current.

315. What is the current and voltage relationship when induc-
tive reactance predominates in an a. c. circuit?

316. Given a series circuit consisting of a resistance of 4 ohms,




24

an inductive reactance of 4 ohms and a capacitive reactance of
1 ohm; the applied circuit alternating e. m. f. is 50 volts. What
is the voltage drop across the inductance?

317. What would be the effect if d. c¢. were applied to the
primary of an a. c. transformer?

318. If a power transformer having a voltage step-up ratio of
one to five is placed under load, what will be the approximate ratio
primary to secondary current?

319. What is the meaning of “skin effect” in conductors of
radio frequency energy?

320. Neglecting distributed capacitance, what is the reactance
of a 5 millihenry choke coil at a frequency of 1000 kilocycles?

321. What is meant by the term “radiation resistance”?

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

323. What is the value of reactance across the terminals of the
capacitor of a parallel resonant circuit, at the resonant frequency,
and assuming zero resistance in both legs of the circuit?

324. Given a series resonant circuit consisting of a resistance
of 6.5 ohms, and equal inductive and capacitive reactances of
175 ohms what is the voltage drop across the resistance, assum-
ing the applied circuit potential is 260 volts?

325. Given a series resonant circuit consisting of a resistance
of 6.5 ohms, and equal inductive and capacitive reactances of
175 ohms, what is the voltage drop across the inductance when
the applied circuit potential is 260 volts?

3826. Under what conditions will the voltage drop across a
parallel tuned circuit be a maximum?

327. Draw a simple schematic diagram showing a method of
coupling a modulator tube to a radio frequency power amplifier
tube to produce plate modulation of the amplified radio frequency
energy.

328. Draw a diagram of a carrier wave envelope when modu-
lated 50 percent by a sinusoidal wave. Indicate on the diagram
the dimensions from which the percentage of modulation is deter-
mined.

329. Draw a diagram of a microphone ecircuit complete with
two stages of audio amplification.

330. Draw a simple schematic diagram showing a Heising
modulation system capable of producing 100-percent modulation.
Indicate power-supply polarity where necessary.

331. Draw a simple schematic diagram showing a method of
suppressor grid modulation of a pentode type vacuum tube.

332. Draw a simple schematic diagram showing a method of
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coupling a modulator tube to a radio frequency power amplifier
tube to produce grid modulation of the amplified radio frequency
energy.

333. What is meant by “frequency shift” or “dynamic insta-
bility”” with reference to a modulated radio frequency emission?

334. What is meant by “high level” modulation?

335. What is meant by “grid modulation”? By ‘“plate modu-
lation”?

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

337. Describe the construction and characteristics of a “crys-
tal” type microphone.

338. Describe the construction and characteristics of a “‘carbon
button” type microphone.

339 What might be the cause of varlatlons in plate current of

“class B” type of modulator?

340. What is the relationship between the average power out-
put of the modulator and the modulator amplifier plate circuit
input, under 100 percent, sinusoidal plate modulation?

341. What would be the effect of a shorted turn in a class B
modulation transformer? In a class A modulation transformer?

342. Why is a high percentage of modulation desirable?

343. What are some of the possible results of overmodulation?

344. What might cause frequency modulation in an amplitude
modulated radio telephone transmitter?

345. What percentage of antenna current increase should be
expected between unmodulated conditions and 100 percent sinu-
soidal modulation?

346. What might be the cause of a decrease in antenna current
of a high level amplitude modulated radiotelephone transmitter,
when modulation is applied?

347. Why is it necessary to use an oscillating detector for
reception of an unmodulated carrier?

348. What is the purpose of shielding in a multistage radio
receiver?

349. Explain what circuit conditions are necessary in a regen-
erative receiver for maximum response tc a modulated signal.

350. What feedback conditions must be satisfied in a regen-
erative detector for most stable operation of the detector circuit
in an oscillating condition?

351. 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?

352. What feedback conditions must be satisfied in a regenera-
tive detector in order to obtain sustained oscillations?
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553. How is “automatic volume control” accomplished in a
radio receiver?

354. If a superheterodyne receiver is tuned to a desired signal
at 1000 kilocycles, and its conversion oscillator is operating at
1300 kilocycles, what would be the frequency of an incoming
signal which would possibly cause “image” reception?

355. If a tube in the only radio frequency stage of your re-
ceiver burned out, how could temporary repairs or modifications
be made to permit operation of the receiver if no spare tube is
available?

356. What are the characteristics of “plate detection”?

357. What is the purpose of a “radio frequency” choke?

358. What would be the effect upon a radio receiver if the
vacuum tube plate potential were reversed in polarity?

359. Draw a simple schematic diagram of a system of coup-
ling a single electron tube employed as a radio-frequency ampli-
fier to a Hertz type antenna.

360. Draw a simple schematic diagram indicating a link
coupling system between a tuned grid-tuned plate oscillator stage
and a single electron tube, neutralized amplifier.

361. Draw a simple schematic diagram of a push-pull, neu
tralized radio frequency amplifier stage, coupled to a Marconi-
type antenna system.

362. Draw a simple schematic diagram of a system of neu-
tralizing the grid-plate capacitance of a single electron tube
employed as a radio-frequency amplifier.

363. Draw a simple schematic diagram showing the proper
method of obtaining d. c. screen-grid voltage from the plate sup-
ply in the case of a modulated pentode, class C amplifier.

364. What is the purpose of a “buffer” amplifier?

365. What are the characteristics of a “frequency doubler”
stage?

366. What are the advantages of a master oscillator-power
amplifier type of transmitter as compared to a simple oscillator
transmitter?

367. What are the differences between Colpitts and Hartley
oscillators?

368. What is the primary purpose of a grid-leak in a vacuum
tube transmitter?

369. By what means is feedback coupling obtained in a tuned-
grid, tuned-plate type of oscillator?

370. What may be the result of parasitic oscillations?

371. How may the production of harmonic energy by a vacuum
tube radio frequency amplifier be minimized?
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372. What is a definition of “parasitic oscillations”?

373. What is the purpose of a “Faraday” screen between the
final tank inductance of a transmitter and the antenna inductance?

374. How may the distortion effects caused by class B opera-
tion of a radio frequency amplifier be minimized?

375. What is the effect of carrier shift in a plate modulated
class C amplifier?

376. What are some possible indications of a defective trans-
mitting vacuum tube?

377. What would be the possible indications that a vacuum
tube in a transmitter has subnormal filament emission?

378. What are possible causes of negative carrier shift in a
linear radio-frequency amplifier?

379. In a modulated class C radio-frequency amplifier, what
is the effect of insufficient excitation?

380. What is the purpose of a “dummy antenna’?

381. In a class C radio-frequency amplifier stage of a trans-
mitter, if plate current continues to flow and radio-frequency
energy is still present in the antenna circuit after grid excitation
is removed, what defect would be indicated?

382. If the transmitter filament voltmeter should cease to
operate, how may the approximately correct filament rheostat
adjustment be found?

383. What are some possible causes of overheating vacuum
tube plates?

384. Should the plate current of a modulated class C amplifier
stage vary or remain constant under modulation conditions?
Why? : :

385. What is the effect of a swinging antenna upon the output
of a simple oscillator?

386. What factors permit high conduction currents in a hot
cathode type of mercury vapor rectifier tube?

387. List the principal advantages of a mercury vapor rec-
tifier over a high vacuum tube type of rectifier.

388. What effect does the resistance of fiiter chokes have on the
regulation of a power supply in which they are used?

389. Describe the theory of current conduction and rectifica-
tion by means of cold cathode, gassy diode vacuum tube.

390. Describe the principle of operation of a synchronous type
of mechanical rectifier.

391. What might be the result of starting a motor too slowly,
using a hand starter?

392. State the principal advantage of a “third brush” genera-
tor for radio power supply in automobiles.
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393. What materials should be used to clean the commutator
of a motor or generator?

394. List three causes of sparking at the commutator of a d. c.
motor.

395. Why is it sometimes necessary to use a starting resistance
when starting a d. c. motor?

396. List' the comparative advantages and disadvantages of
motor generator and transformer-rectifier power supplies.

397. 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?

398. What is the effect upon a filter choke of a large value of
direct current flow?

399. What are the characteristics of a condenser-input filter
system as compared to a choke-input system?

400. What is the principal function of the filter in a power
supply?

401. What are the characteristics of a choke-input filter sys-
tem as compared to a condenser-input system?

402. 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?

403. What is the definition of “voltage regulation” as applied
to power supplies?

404. May two condensers of 500 volts, operating voltage, one
an electrolytic and the other a paper condenser, be used success-
fully in series across a potential of 1,000 volts? Explain your
answer.

405. What is the principal function of a “swinging choke” in
a filter system?

406. What is the purpose(s) of a “bleeder” resistor as used
in connection with power supplies?

407. What does a blue haze in the space between the filament
and plate of a high vacuum rectifier tube indicate?

408. 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?

409. If a high vacuum type, high voltage rectifier tube should
suddenly show severe 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?

410. If the plate, or plates, of a rectifier tube suddenly be-
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came red hot, what might be the cause, and how could remedies
be effected ?

411. Draw a simple schematic diagram of a quartz crystal
controlled oscillator, indicating the circuit elements necessary to
identify this form of oscillatory circuit.

412, Draw a simple schematic diagram of a dynatron type of
oscillator, indicating the circuit elements necessary to identify
this form of oscillatory circuit.

413. Draw a simple schematic diagram of an electron coupled
oscillator, indicating the circuit elements necessary to identify
this form of oscillatory circuit.

414. What does the expression “positive temperature coeffi-
cient” mean, as applied to a quartz crystal?

415. Draw a simple schematic diagram of a crystal controlled
vacuum tube oscillator using a pentode type tube. Indicate
power supply polarity where necessary.

416. What will result if a d. c. potential is applied between
the two parallel surfaces of a quartz crystal?

417. What does the expression “negative temperature co-
efficient” mean, as applied to a quartz crystal?

418. What does the expression “low temperature coefficient”
mean, as applied to a quartz crystal?

419. What is the function of a quartz crystal in a radio trans-
mitter?

420. What may result if a high degree of coupling exists be-
tween the plate and grid circuits of a crystal controlled oscillator?

421. What is the purpose in maintaining the temperature of a
quartz crystal as constant as possible?

422, Why is a separate source of plate power desirable for a
crystal oscillator stage in a radio transmitter?

423. What are the principal advantages of crystal control over
tuned circuit oscillators?

424. What is the approximate range of temperature coefficients
to be encountered with X-cut quartz crystals?

425. 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?

426. List the characteristics of a dynatron type of oscillator.

427. List the characteristics of an electron-coupled type of
oscillator.

428. Upon what characteristic of an electron tube does a dyna-
tron type of oscillator depend?

429. What is a multivibrator and what are its uses?

430. If a frequency meter having an over-all error propor-
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tional to the frequency, is accurate to 10 cycles when set at 600
kilocycles, what is its error in cycles when set at 1110 kilocycles?

431. What precautions should be taken before using a hetero-
dyne type of frequency meter?

432. What is the meaning of “zero beat” as used in connection
with frequency measuring equipment?

433. What precautions should be observed in using an absorp-
tion type frequency meter to measure the frequency of a self-
excited oscillator? Explain your reasons.

434. If the first speech amplifier tube of a radiotelephone trans-
mitter were over-excited, but the percentage modulation capa-
bilities of the transmitter were not exceeded, what would be the
effect upon the output of the transmitter?

435. What is the purpose of a “preamplifier”?

436. What are the advantages of using two tubes in push-pull
as compared to the use of the same tubes in parallel in an audio
frequency amplifier?

437. List four causes of distortion in a class A audio fre-
quency amplifier.

438. What is the purpose of bypass condensers connected
across an audio frequency amplifier cathode bias resistor?

439. What are the advantages of using a resistor in series
with the cathode of a class C radio frequency amplifier tube to
provide bias?

440. How may the generation of even harmonic energy in a
radio frequency amplifier stage be minimized?

441. What tests will determine if a radio frequency power
amplifier stage is properly neutralized?

442. Why is the plate circuit efficiency of a radio frequency
amplifier tube operating as class C higher than that of the same
tube operated as class B? If the statement above is false, explain
your reasons for such a conclusion.

443. Why does a class B audio frequency amplifier stage re-
quire considerably greater driving power than a class A ampli-
fier?

444. Discuss the input circuit requirements for a class B audio
frequency amplifier grid circuit.

445. 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?

446. If the value of capacitance of a coupling condenser in a
resistance coupled audio amplifier is increased, what effect may
be noted?
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447. Why does a screen grid tube normally require Ko neu-
tralization when used as a radio frequency amplifier?

448. What instruments or devices may be used to adjust and
determine that an amplifier stage is properly neutralized?

449. What is meant by the term “unity coupling”?

450. Draw a diagram illustrating capacitive coupling between
two tuned radio frequency circuits.

451. Draw a diagram illustrating “inductive” coupling be-
tween two tuned radio frequency circuits.

452. Draw a diagram illustrating “direct” or “Loftin-White”
coupling between two stages of audio frequency amplification.

453. List four classes of stations which may be operated by a
person holding a radiotelephone second-class license.

454. May the holder of a radiotelephone second-class operator
license adjust and service or supervise the adjustment and servie-
ing of any class of police radio station?

455. List four classes of stations, the equip:nent of which
may be adjusted and serviced by the holder of a radiotelephone
second-class operator license.

456. List three classes of stations which may not be serviced
or adjusted by the holder of a radiotelephone second-class opera-
tor license.

457. Is it necessary that the original operator license be
posted at an aeronautical station? An aircraft station? An air-
port station? A broadcast station? A ship station?

458. What is a “verification card” and under what circum-
stances may it be used?

459. If a ship-telephone station is assigned the frequency of
2738 kilocycles, and the maximum frequency tolerance is 0.02
percent, what are the highest and lowest frequencies within the
tolerance limits?

460. If an aircraft station is assigned the frequency of 3117.5
kilocycles, and the maximum tolerance is 0.01 percent, what are
the highest and lowest frequencies within the tolerance limits?

461. If a heterodyne frequency meter, having a calibrated
range of 1000 to 5000 kilocycles, is used to measure the fre-
quency of a transmitter operating on approximately 500 kilo-
cycles by measurement of the second harmonic of this transmitter,
and the indicated measurement was 1008 kilocycles, what is the
actual frequency of the transmitter output?

462. Define the following types of emission: A0, Al, A2, A3,
Ad, AS5.

463. In the adjustment of a radiotelephone transmitter. what
precautions should be observed ?
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464. Explain the relation between the signal frequency, the
oscillator frequency and the image frequency in a superhetero-
dyne receiver.

465. What means are used to prevent interaction between the
stages of a multistage audio-frequency amplifier?

466. For what period of time must a log containing distress
entries be retained?

467. What effect, if any, does modulation have on the ampli-
tude of the antenna current of a frequency modulated trans-
mitter?

468. Why is a high percentage of modulation desirable in
amplitude modulated transmitters?

469. How would loss of radio-frequency excitation affect a
class C modulated amplifier when using a grid leak bias only?

470. What is the purpose of a center-tap connection on a fila-
ment transformer? '

471. What would be the result of a short circuit of the plate
radio-frequency choke coil in a radio-frequency amplifier?

472. What are the advantages of push pull operation com-
pared to single tube operation in amplifiers?

473. What class of amplifiers is appropriate to use in a radio-
frequency doubler stage?

474. What is the ratio of modulator power output to modulated
amplifier plate power input for 100 percent amplitude modulation ?

475. Draw a diagram of a Hartley oscillator. A Colpitts oscil-
lator.

476. Describe the construction and characteristics of (a) a
beam power tube, (b) a thyratron tube, and (c) a battery charg-
ing rectifier tube.

477. What kind of vacuum tube responds to filament reactiva-
tion and how is reactivation accomplished?

478. What is the purpose of a bleeder resistor in the filter of a
high voltage d. c. power supply?

479. How much energy is consumed in 20 hours by a radio
receiver rated at 60 watts?

480. How does the value of resistance in the grid leak of a
regenerative type detector affect the sensitivity of the detector?

481. Compare the design and operating characteristics of class
A, class B, and class C amplifiers.

482. What are causes of downward fluctuation of the antenna
current of an amplitude modulated transmitter when the trans-
mitter is modulated?

483. What may cause upward fluctuation of the antenna cur-
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rent of an amplitude modulated transmitter when the transmitter
is modulated?

484. Explain how grid bias voltage is developed by the grid
leak in an oscillator.

485. Explain why radio-frequency chokes are sometimes placed
in the power leads between a motor-generator power supply and
a high powered radio transmitter.

486. What effect does inductive reactance in an a. c. circuit
have on the power factor of the circuit?

487. In what circuits of a radio station are three-phase cir-
cuits sometimes employed?

488. Explain the operation of a vacuum tube rectifier power
supply and filter.

489. What are the merits of a frequency modulation com-
munication system compared to an amplitude modulation com-
munication system?

490. What is meant by horizontal and vertical polarization
of a radio wave?

491. How should a transmitting antenna be designed if a ver-
tically polarized wave is to be radiated and how should the re-
ceiving antenna be designed for best performance in receiving
the ground wave from this transmitting antenna?

492. Draw a block diagram of a frequency modulation re-
ceiver and explain its principle of operation.

493. Draw a block diagram of a frequency modulated trans-
mitter and indicate the center frequency of the master oscillator
and the center frequency radiated by the antenna.

494. In a frequency modulation radio communication sys-
tem what is the meaning of modulation index? Of deviation
ratio? What values of deviation ratio are used in a frequency
modulation radio communication system?

495. Why is narrow band frequency modulation rather than
wide band frequency modulation used in radio communication
systems?

496. What is the purpose of a squelch circuit in a radio com-
munication receiver?

497. Discuss methods whereby interference to radio reception
can be reduced.

498. Draw a diagram of an absorption type wavemeter and
explain its principle of operation.

499. Draw a diagram of an ohmmeter and explain its prin-
ciple of operation.

500. Discuss Lecher wires; their properties and use.

501. If a 0-1 d. c. milliammeter is to be converted into a volt-
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meter with full scale calibration 100 volts, what value of series
resistance should be connected in serizs with the milliammeter?

502. What are wave guides? Cavity resonators?

503. What is the purpose of a diversity antenna receiving
system?

504. Why are insulators sometimes placed in antenna guy
wires?

505. Discuss the construction and operation of dynamotors.

506. Discuss the cause and prevention of interference to radio
receivers installed in motor vehicles.

507. Explain the process of neutralizing a triode radio-fre-
quency amplifier.

508. 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 d. c. line?

509. 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 d. c. line?

510. What may cause self-oscillation in an audio amplifier?

511. Why are pairs of wires carrying a. c. heater currents in
audio amplifiers twisted together?

512. 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 2450 kilocycles. What is the frequency of a station
that might cause image interference to the receiver when tuned
to 2450 kilocycles?

513. Show by a diagram how to connect a wave trap in the an-
tenna circuit of a radio receiver to attenuate an interfering
signal.

514. Draw a diagram of a tuned rad.o-frequency type radio
receiver.

515. 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?

516. Draw a diagram of a one-tube audio oscillator using an
iron core choke.

517. Show by a diagram how a two-wire radio-frequency trans-
mission line may be connected to feed a Hertz antenna.

518. Draw a diagram of a synchronous vibrator power supply.
A nonsynchronous vibrator power supply.

519. In accordance with the Commission’s Rules and Regula-
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tions what is the primary standard for radio-frequency meas-
urements of radio stations in the various services? (R. & R. 2.1.)

520. What is meant by carrier frequency? (Carrier wave?
(R. & R. 2.1.)

521. Define land station, base station, mobile station, experi-
mental station, domestic fixed service, public correspondence,
facsimile, fixed service, Industrial Radio Services, Industrial,
Scientific and Medical Equipment, Land Transportation Radio
Services, Public Safety Radio Services and Citizens Radio Service.
(R. & R. 2.1)

522. What are the frequency ranges included in the following
frequency subdivisions: MF (medium frequency), HF (high
frequency), VHF (very high frequency), UHF (ultra high fre-
quency) and SHF (super high frequency)? (R. & R. 2.102.)

523. Explain what is meant by the following types of emis-
sion: FO, F1, F2, F3, F4, and PO emission? (R. & R. 2.201.)

H524. What are the requirements for posting of operator license
for (a) the operator performing duties other than, or in addition
to, service or maintenance, at two or more stations and (b) the
operator performing service or maintenance duties at one or
more stations? (R. & R. 13.74.)

525. If service or maintenance logs are required to be kept at
a radio station, what entries are required to be entered in the log?

(R. & R. 13.75.) )

526. In communication services such as the Public Safety
Radio Services, (a) what percentage of modulation is normally
required when amplitude modulation is used for radiotelephony
and (b) what maximum frequency deviation arising from modula-
tion is permitted when phase or frequency modulation is used
for radiotelephony? (R. & R. 10.105.)

527. In communication services such as the Public Safety
Radio Services how often should (a) transmitter frequencies be
measured, (b) transmitter power be measured, and (c) per-
centage of modulation be measured? What entries relative to
technical measurements are required to be entered in station
records? (R. & R. 10.108.)

528. Describe the physical structure of two types of transistor
and explain how they operate as an amplifier.

529. Draw a simple schematic circuit diagram of a two stage
audio amplifier using transistors.

530. Describe briefly the construction and purpose of a wave
guide. What precautions should be taken in the installation and
maintenance of a wave guide to insure proper operation?
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531. Describe the physical structure of a multianode magne-
tron and explain how it operates.

532. Describe the physical structure of a klystron tube and
explain how it operates as an oscillator.

533. Describe three methods for reducing the radio frequency
harmonic emission of a radiotelephone transmitter.

534. A ship radiotelephone transmitter operates on 2738 kc.
At a certain point distant from the transmitter the 2738 kc.
signal has a measured field of 147 millivolts per meter. The
second-harmonic field at the same point is measured as 405 micro-
volts per meter. To the nearest whole unit in decibels, how
much has the harmonic emission been attenuated below the 2738
ke. fundamental?



ELEMENT IV
ADVANCED RADIOTELEPHONE

1. 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 capacitive reactance of 900 ohms. What
is the total impedance of this network? If a voltage is impressed
across this parallel network, which branch will dissipate the
greatest amount of heat?

2. What is the reactance of a condenser at the frequency of
1200 kilocycles if its reactance is 300 ohms at 680 kilocycles?

3. 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?

4. If, in a given a. c. series circuit, the resistance, inductive
reactance and capacitive reactance 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?

5. If an alternating current of 5 amperes flows in a series
circuit composed of 12 ohms resistance, 15 ohms inductive re-
actance and 40 ohms capacitive reactance. what is the voltage
across the circuit?

6. A series circuit contains resistance, inductive reactance,
and capacitive reactance. The resistance is 7 ohms, the induc-
tive reactance is 8 ohms and the capacitive reactance is un-
known. What value must this condenser have in order that the
total circuit impedance be 13 ohms?

7. What is the total reactance of two inductances connected
in series with zero mutual inductance?

8. If an alternating voltage of 115 volts is connected across
a parallel circuit made up of a resistance of 30 ohms, an induc-
tive reactance of 17 ohms and a capacitive reactance of 19 ohms,
what is the total circuit current drain from the source?

9. When two coils, of equal inductance, are connected in series,
with unity coefficient of coupling and their fields in phase, what
is the total inductance of the two coils?

10. If a power transformer has. a primary voltage of 4,400

(37)
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volts and a secondary voltage of 220 volts, and the transformer
has an efficiency of 98 percent, when delivering 23 amperes of
secondary current, what is the value of primary current?

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?

12. What factors determine the core losses in a transformer?

13. What circuit constants determine the “copper” losses of a
transformer?

14. Draw a schematic wiring diagram of a three-phase trans-
former with delta connected primary and Y connected secondary.

15. What factor(s) determine the ratio of impedances which a
given transformer can match?

16. If a transformer, having a turns ratio of 10 to 1, working
into a load impedance of 2,000 ohms and out of a circuit having
an impedance of 15 ohms, what value of resistance may be con-
nected across the load to effect an impedance match?

17. In a class C radio frequency amplifier, what ratio of load
impedance to dynamic plate impedance will give the greatest
plate efficiency?

18. If a lamp, rated at 100 watts and 115 volts, is connected
in series with an inductive reactance of 355 ohms and a capaci-
tive reactance of 130 ohms across a voltage of 220 volts, what
is the current value through the lamp?

19. If an a. c. series circuit has a resistance of 12 ohms, an
inductive reactance of 7 ohms and capacitive reactance of 7
ohms, at the resonant frequency, what will be the total im-
pedance at twice the resonant frequency?

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

21. What value of capacitance must be shunted across a coil
having an inductance of 56 microhenrys in order that the cir-
cuit resonate at 5,000 kilocycles?

22. Why should impedances be matched in speech-input equip-
ment?

23. What are the purposes of H or T pad attenuators?

24. Why are grounded center-tap transformers frequently used
to terminate program wire lines?

25. What is the purpose of a ‘“line pad”?

26. Why are electrostatic shields used between windings. in
coupling transformers?

27. Why is it preferable to isolate the direct current from the
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primary winding of an audio transformer working out of a single
vacuum tube?

28. Why are preamplifiers sometimes used ahead of mixing
systems?

29. What is the purpose of a variable attenuator in a speech
input system?

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?

31. Under what circumstances will the gain-per-stage be equal
to the voltage amplification factor of the vacuum tube employed?

32. Why is a high-level amplifier, feeding a program trans-
mission line, generally isolated from the line by means of a pad?

33. What is the purpose of deliberately introduced degenera-
tive feedback in audio amplifiers?

34. What unit has been adopted by leading program trans-
mission organizations as a volume unit and to what power is this
unit equivalent?

35. What is the purpose of a line equalizer?

36. Draw a diagram of an equalizer circuit most commonly
used for equalizing wire-line circuits.

37. What type of microphone employs a coil of wire, attached
to a diaphragm, which moves in a magnetic field as the result of
the impinging of sound waves?

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

39. Why are the diaphragms of certain types of microphones
stretched?

40. Draw a simple schematic diagram of a grid bias modula-
tion system, including the modulated radio frequency stage.

41. Draw a simple schematic diagram of a class B audio high
level modulation system, including the modulated radio frequency
stage.

42. Draw a sample sketch of the trapezoidal pattern on a
cathode ray oscilloscope screen indicating low percent modulation
without distortion.

43. During 100-percent modulation, what percentage of the
average output power is in the side-bands?

44. Draw a schematic diagram of test equipment which may
be used to detect carrier shift of a radio telephone transmitter
output.

45. What are the advantages and disadvantages of class B
modulators?
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46. Why is frequency modulation undesirable in the standard
broadcast band?

47. What is meant by “low level” modulation?

48. If a preamplifier, having a 600-ohm output, is connected to
a microphone so that the power output is minus 40 db., and
assuming the mixer system to have a loss of 10 db., what must be
the voltage amplification necessary in the line amplifier in order
to feed plus 10 db. into the transmitter line?

49. If the power output of a modulator is decreased from 1,000
watts to 10 watts, how is the power reduction expressed in
decibels?

50. In a modulated amplifier, under what circumstances will
the plate current vary as read on a d. c. meter?

51. What could cause downward deflection of the antenna cur-
rent ammeter of a transmitter when modulation is applied?

52. If tests indicate that the positive modulation peaks are
greater than the negative peaks in a transmitter employing a
class B audio modulator, what steps should be taken to deter-
mine the cause?

53. In a properly adjusted grid bias modulated radio fre-
quency amplifier, under what circumstances will the plate current
vary as read on a d. c. meter?

54. What percentage increase in average output power is
obtained under 100 percent sinusoidal modulation as compared
with average unmodulated carrier power?

55. In a class C radio frequency amplifier stage feeding an
antenna system, if there is a positive shift in carrier amplitude
under modulation conditions, what may be the trouble?

56. Name four causes of distortion in a modulated amplifier
stage output. ]

57. If you decrease the percentage of modulation from 100 to
50 percent, by what percentage have you decreased the power
in the side bands?

58. If a certain audio frequency amplifier has an over-all gain
of 40 db. and the output is 6 watts, what is the input?

59. If the field intensity of 25 millivolts per meter develops
2.7 volts in a certain antenna, what is its effective height?

60. Draw a schematic diagram of a final amplifier with
capacity coupling to the antenna which will discriminate against
the transfer of harmonics.

61. In what units is the field intensity of a broadcast station
normally measured?

62. Draw a simple schematic diagram showing a method of
coupling the radio frequency output of the final power amplifier
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stage of a transmitter to a two-wire transmission line, with a
method of suppression of second and third harmonic energy.

63. An antenna is being fed by a properly terminated two-
wire transmission line. The current in the line at the input end
is 3 amperes. The surge impedance of the line is 500 ohms. How
much power is being supplied to the line?

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 trans-
mission line current?

65. If the antenna current of a station is 9.7 amperes for 5
kilowatts, what is the current necessary for a power of 1 kilowatt?

66. What is the antenna current when a transmitter is de-
livering 900 watts into an antenna having a resistance of 16
ohms?

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?

68. The d. c. input power to the final amplifier stage is exactly
1,500 volts and 700 milliamperes. The antenna resistance is 8.2
ohms and the antenna current is 9 amperes. What is the plate
efficiency of the final amplifier?

69. If the power output of a broadcast station is quadrupled,
what effect will this have upon the field intensity at a given point?

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?

71. If the power output of a broadcast station has been in-
creased so that the field intensity at a given point is doubled,
what increase has taken place in antenna current?

72. If a transmitter is modulated 100 percent by a sinusoidal
tone, what percentage increase in antenna current will occur?

73. What is the ratio between the currents at the opposite
ends of a transmission line, 14 wave length long, and terminated
in an impedance equal to its surge impedance?

74. The power input to a 72-ohm concentric transmission line
is 5,000 watts. What is the r.m.s. voltage between the inner
conductor and sheath?

75. A long transmission line delivers 10 kilowatts into an
antenna; at the transmitter end the line current is 5 amperes
and at the coupling house it is 4.8 amperes. Assuming the line
to be properly terminated and the losses in the coupling system
negligible, what is the power lost in the line?
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76. The power input to a 72-ohm concentric line is 5,000 watts.
What is the current flowing in it?

77. What is the primary reason for terminating a transmission
line in an impedance equal to the characteristic impedance of the
line?

78. If a vertical antenna is 405 feet high and is operated at
1250 kilocycles, what is its physical height, expressed in wave
lengths? (One meter equals 3.28 feet.)

79. What must be the height of a vertical radiator one-half
wave length high if the operating frequency is 1100 kilocycles?

80. Draw a diagram of a crystal oscillator.

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 volt-
ages will be connected.

82. Draw a diagram of a complete class B modulation system,
including the modulated radio frequency amplifier stage. Indi-
cate points where the various voltages will be connected.

83. A certain transmitter has an output of 100 watts. The
efficiency of the final, modulated amplifier stage is 50 percent.
Assuming that the modulator has an efficiency of 66 percent,
what plate input to the modulator is necessary for 100 percent
modulation of this transmitter? Assuming that the modulator
output is sinusoidal.

84. If an oscillatory circuit consists of two identical tubes, the
grids connected in push-pull and the plates in parallel, what
relationship will hold between the input and output frequencies?

85. What undesirable effects result from overmodulation of a
broadcast transmitter?

86. What do variations in the final amplifier plate current of
a transmitter employing low-level modulation usually indicate?

87. 1f, upon tuning the plate circuit of a triode r. f. amplifier,
the grid current undergoes variations, what defect is indicated?

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 percent. Assuming that all
of the heat radiation is transferred to the water cooling system,
what amount of power must be dissipated from each tube?

89. What is the value of voltage drop across the elements of a
mercury-vapor rectifier tube under normal conducting conditions?

90. Draw a diagram of a bridge rectifier giving full-wave rec-
tification without a center-tapped transformer. Indicate polarity
of output terminals.

91. Draw a diagram of a rectifier system supplying two plate
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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.

92. What is meant by “arc back” or “flash back” in a rectifier
tube?

93. What is meant by the “inverse peak voltage” rating of a
rectifier tube?

94. How may a condenser be added to a choke input filter
system to increase the full load voltage?

95. Why is it not advisable to operate a filter reactance in
excess of its rated current value?

96. What is a “low pass” filter? A “high pass” filter?

97. Draw a diagram of a simple low pass filter.

98. If a power supply has a regulation of 11 percent when the
output voltage at full load is 240 volts, what is the output voltage
at no load?

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.

100. If a power supply has an output voltage of 140 volts at
no load and the regulation at full load is 15 percent, what is the
output voltage at full load?

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?

102. Why is it important to maintain the operating tempera-
ture of mercury-vapor tubes within specified limits?

103. If a frequency doubler stage has an input frequency of
1000 kilocycles, and the plate inductance is 60 microhenries,
what value of plate capacitance is necessary for resonance, ne-
glecting stray capacitances?

104. Draw a simple schematic diagram of a multivibrator os-
cillatory circuit.

105. What precautions should be taken to insure that a crystal
oscillator will function at one frequency only?

106. What are the advantages of mercury thermostats as com-
pared to bimetallic thermostats?

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 frequency when its
temperature is 60 degrees Centigrade?

108. Why are quartz crystals in some cases operated ffi tem-
perature-controlled ovens?

109. What is the device called which is used to derive a
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standard frequency of 10 kilocycles from a standard-frequency
oscillator operating on 100 kilocycles?

110. What procedure should be adopted if it is found necessary
to replace a tube in a heterodyne frequency meter?

111. If a frequency of 500 cycles is beat with a frequency of
550 kilocycles, what will be the resultant frequencies?

112. In what part of a broadcast station system is a ‘“phase
monitor” sometimes found? What is the function of this instru-
ment ?

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?

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 1390 kilocycles, and a dial reading of
44.5 for a frequency of 1400 kilocycles, what is the frequency of
the ninth harmonic of the frequency corresponding to a scale
reading of 41.2?

115. What is the reason why certain broadcast station fre-
quency monitors must receive their energy from an unmodulated
stage of the transmitter?

116. In what part of a broadcast station system are “limiting™
devices usually employed? What are their functions?

117. What are the results of using an audio peak limiter?

118. How is the load on a modulator, which modulates the
plate circuit of a class C radio frequency stage, determined?

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 plate impedance of
15,000 chms. What is the proper turns ratio for the coupling
transformer?

120. Indicate, by a simple diagram, the shunt-fed plate circuit
of a radio frequency amplifier.

121. Indicate, by a simple diagram, the series-fed plate circuit
of a radio frequency amplifier.

122. With respect to the unmodulated values, doubling the ex-
citation voltage of a class B “linear” radio frequency amplifier
will result in what increase in r. f. power output?

123. What may be the cause of a decrease in antenna current
during modulation of a class B linear r. f. amplifier?

124. In adjusting the plate tank circuit of a radio frequency
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amplifier, should minimum or maximum plate current indicate
resonance?

125. What is the formula for determining the db loss or gain
in a circuit?

126. What will occur if one tube is removed from a push-pull
class A audio frequency amplifier stage?

127. What is the stage amplification obtained with a single
triode operating with the following constants: Plate voltage 250,
Plate current 20 ma, Plate impedance 5,000 ohms, Load imped-
ance 10,000 ohms, grid bias 4.5 volts, amplification factor 24?

128. Under what circumstances is neutralization of a triode
radio frequency amplifier not required?

129. Why is it necessary or advisable to remove the plate volt-
age from the tube being neutralized?

130. Under what conditions may a standard broadcast station
be operated at a power lower than specified in the station license?
(R. & R. 3.57.)

131. When the transmitter of a standard broadcast station is
operated at 85 percent modulation, what is the maximum per-
missible combined audio harmonic output? (S.G.E.P.-A.M. 12.)
. 132. How frequently must the auxiliary transmitter of a stand-
ard broadcast station be tested? (R. & R. 3.63.)

133. For what purpose is an auxiliary transmitter maintained?

134. If the plate ammeter in the last stage of a broadcast trans-
mitter burned out, what should be done? (R. & R. 3.58.)

135. The currents in the elements of a directive broadcast an-
tenna must be held to what percentage of their licensed value?
(R. & R. 3.57.)

136. What are the permissible tolerances of power of a stand-
ard broadcast station? (R. & R. 3.57.)

137. What are meant by “equipment”, “program” and “serv-
ice” tests where these are mentioned in the Rules and Regulations
of the Commission? (R. & R. 3.167, 3.168, 7.64.)

138. At broadcast stations using the direct method of com-
puting output power, at what point in the antenna system must
the antenna current be measured? (R. & R. 3.14, 3.54.)

139. For what purpose may a standard broadcast station,
licensed to operate daytime or specified hours, operate during the
experimental period without specific authorization? (R. & R.
3.73.)

140. What is the last audio frequency amplifier stage which
modulates the radio frequency stage termed? (R. & R. 3.14.)

141. How frequently must a remote reading ammeter be
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checked against a regular antenna ammeter? (S.G.E.P.-A.M.
13.)

142. What factors enter into the determination of power of a
broadcast station which employs the indirect method of measure-
ment? (R. & R. 3.52, 3.267.)

143. What is the power that is actually transmitted by a
standard broadcast station termed?

144. Are the “antenna current,” ‘“‘plate current,” etc., as used
in the Rules and Regulations of the Commission with reference
to radio telephone transmitters, modulated or unmodulated values?
(R. & R. 3.14))

145. With reference to broadcast stations, what is meant by
the “experimental period”? (R. & R. 3.10.)

146. What percentage of modulation capability is required of
a standard broadcast station? (S.G.E.P.-A.M. 12.)

147. Define the maximum rated carrier power of a broadcast
station transmitter. (R. & R. 3.14.)

148. Define the plate input power of a broadcast station trans
mitter. (R. & R. 3.14.)

149. Define high level and low level modulation. (R. & R
3.14.)

150. What is the frequency tolerance for a standard broadcast
station? (R. & R. 3.59.)

151. What is the frequency tolerance allowed an International
Broadcast station? (R. & R. 3.767.)

152. What is the required full scale accuracy of the ammeters
and voltmeters associated with the final radio stage of a broad
cast transmitter? (S.G.E.P.-A.M. 13.)

153. If a broadcast transmitter employs seven tubes of a par
ticular type, how many spare tubes of the same type are re.
quired to be kept on hand in accordance with F.C.C. regulations?
(S.G.E.P.-A. M. 12))

154. Describe the various methods by which a standard broad-
cast station may compute its operating power, and state the con-
ditions under which each method may be employed. (R. & R
3.51.)

155. 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? (S.G.E.P.-A.M. 13.)

156. Define: Amplifier gain, percentage deviation, stage ampli-
fication, and percentage of modulation. Explain how each is
determined.

157. Define an auxiliary broadcast transmitter and state the
conditions under which it may be used. (R. & R. 3.13, 3.63.)
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158. What is the purpose of using a frequency standard or
service independent of the transmitter frequency monitor or
control?

159. Discuss the characteristics of a modulated class C ampli-
fier.

160. What is the purpose of neutralizing a radio-frequency
amplifier stage?

161. When the authorized nighttime power of a standard
broadcast station is different from the daytime power and the
operating power is determined by the “indirect” method, which
of the efficiency factors established by F.C.C. rules is used?
(R. & R. 3.52, 3.53.)

162. Describe the technique used in frequency measurements
employing a 100-kilocycle oscillator, a 10-kilocycle multivibrator,
a heterodyne frequency meter of known accuracy, a suitable re-
ceiver, and standard frequency transmission.

163. What is the power specified in the instrument of author-
ization for a standard broadcast station called?

164. What is the effect of 10,000 cycle modulation of a standard
broadcast station on adjacent channel reception?

165. What system of connections for a three-phase, three-
transformer bank will provide maximum secondary voltage?

166. Draw a diagram and describe the electrical characteristics
of an electron-coupled oscillator circuit.

167. In frequency measurements using the heterodyne “zero
beat” method, what is the best ratio of signal e. m. f. to cali-
brated heterodyne oscillator e. m. f.?

168. What is meant by the “Q” of a radio-frequency inductance
coil?

169. What effect does a loading resistance have on a tuned
radio-frequency circuit?

170. What is meant by the ‘“time constant” of a resistance-
capacitance circuit?

171. A potential of 110 volts is applied to a series circuit
containing an inductive reactance of 25 ohms, a capacitive react-
ance 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?

172. What does the term “power factor’” mean in reference to
electric power circuits?

173. What is the predominant ripple frequency in the output
of a single-phase 