YOUR MODEL

INSTRUCTOR’S ANSWERS

Here are the correct answers to your FCC type Multiple Choice Examination as prepared by
your instructor. Compare your answers with his. Where he felt it would be helpful, a dis-
cussion follows the correct answer giving the reasons for his answer, or how it was derived.

ANSWERS TO MULTIPLE-CHOICE EXAMINATION TC-9

1. (3) Remove any amplitude variations from the carrier before feeding it to the discrim-
inator. The discriminator type of circuit is sensitive to amplitude variations and there-
fore, a limiter is used ahead of a discriminator in order to keep the signal amplitude fed
to the discriminator constant and hence render the discriminator immune to noise pulses.

2. (5) Turn off the audio section of the receiver when no signal is being received. In mobile
communications receivers, when no signal is being received, the automatic volume con-
trol in the receiver automatically turns up the gain of the receiver so that background
noise is picked up and amplified. This can be very objectionable and there is a tendency
on the part of the operator to turn down the volume control to get rid of this objection-
able noise. This might cause him to miss a transmission. Therefore a squelch circuit
is used that biases the audio section so that it is cut off when no signal is being received.
When the signal is received, the bias disappears and the audio section amplifies the sig-
nal picked up.

3. (1) Hold the voltage produced by the FM carrier constant so that the detector is not
sensitive to amplitude variations,

4, (3) The transit time is the lengthoftime it takes an electron to travel from the cathode to
the plate of the tube,

5. (4) By spacing the tube elements closely together. Since the transit time of a tube is de-
termined by how long it takes an electron to travel from the cathode of the tube to the
plate, the smaller the space between the cathode and the plate, the shorter the transit
time will be. Of course, spacing the elements closely together leads to the possibility of
an arc over inside the tube, so closely spaced elements can be used only in receiving
tubes or small transmitting tubes, where the operating voltages are relatively low.

6. (5) Low uhf. Acorn tubes are designed for use in the uhf region up to about 600 mc. This
is considered the low end of the ubf region.

7. (4) The low-frequency i-f stage.
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(2) Better image rejection.
(5) Determine the attenuation in the waveguide.
(2) Prevent interference from low-frequency stations.

(5) 10 KW. The power output of an FM station remains constant at all times; it does not
change with modulation,

(2) Strong local signals overloading the rf stage. A strong local station may block the rf
stage-and cause it to operate onthe non-linear portion of its characteristic curve. This can
cause mixing to occur in the rf stage where signals from two different stations will mix
together to produce sum and difference frequencies.,

(5) Keep the amplitude of the signal from the signal generator as low as possible. If you
use too strong a signal from the signal generator you may overload some stage in the re-
ceiver and if this happens, it will be impossible to peak the various adjustments in the re-
ceiver to get maximum output.

(4) Its ability to pick up a weak signal, The sensitivity of the receiver, which is usually
given in microvolts, tells you how strong a signal must be received by the receiver in
order to produce a standard output, which is usually 50 milliwatts.

(2) Ceramic, Glass, paper, wood, bakelite, porcelain and rubber are often used as in-
sulators at low frequencies, but are unsatisfactory at uhf.

(1) Grounding, (3) Shielding, (4) Stray capacities.

(4) A special uhf tube in which the cathode, grid and plate are arranged in three parallel
planes.

(5) 1500 watts. The transmitter is rated at its maximum unmodulated output. At 100% mod-
ulation, only two thirds of the output power is in the carrier; an additional one third is in
the sidebands for a total of 1.5 X the unmodulated power or 1500 watts.

(4) 100%. In single sideband communications, only one sideband (and no carrier) is trans-
mitted. Thus, all of the power is in the one sideband.

(2) Noise generated by the receiver.Withalow-levelinput signal, the gain of the rf and i-f
stages increases. The noise inherent in these stages is greatly amplified and the output
signal-to-noise ratio decreases.

(3) The inductance and capacitance decrease. The butterfly tank is a tunable resonator in
which the position of the rotor determines both the inductance and the capacity. When the
rotor is moved away from the stator,the effective capacitor plate area between the stator
and rotor decreases,This resultsinlower capacity. At the same time, the flux path around
the frame of the resonator is blocked by the stator -- resulting in lower inductance.

(3) Ratio of input-to-output signal-to-noise ratios. Noise figure is a measure of how much
noise is added to the signal in the receiver stages.

(2) Skin effect. At higher frequencies, the signal has a tendency to travel near the surface
of the conductor. This results in a smaller effective cross-section area at greater I2R
losses.
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(5) Produces less harmonic distortion. In the frequency conversion method of single
sideband demodulation, the demodulator is a linear stage. When both the carrier and the
sideband are present, heterodyning takes place, producing the audio or difference signal
at the output.

(3) Making the cathode, grid and plate as small as possible.

(1) Ten times the sideband amplitude. When the ratio of the amplitude of the carrier to
the amplitude of the sidebands is 10:1, the carrier insertion mixer has a more linear
response and produces less distortion.

(4) Reduces noise from the local oscillator. The balanced mixer cancels out the local
oscillator noise so that it does not mix with the signal, Thus, the noise is not present
in the output signal.

(3) 750 and 1750 cps. For the two-tone test using audio tones, the audio frequencies should
be 1000 cycles apart.

(3) Tubes with oxide-coated cathodes. Contact noise results from the irregularities
between the cathode and the oxide coating.

(5) Feeding the signal through a balanced transformer. Assuming that the noise is
picked up with equal phase and amplitude on both lead-in conductors, it will cancel in the
transformer primary.

(3) Twice the width of the guide. As frequency decreases when cutoff is approached,
the rf path ismore and more zigzag. When the wavelength is equal to twice the width of the
guide, cutoff occurs. The rf energy then travels only from side to side and is quickly
attenuated.

(3) Prevent the formation of moisture. Moisture can cause breakdowns by having rf arcs
burn holes in the guide.

(4) Four horizontal quarter-wave elements arranged to form two half-wave dipole
antennas at right angles to each other.

(2) Increases when the tube amplifies. This phenomena is often referred to as Miller
Effect and produces deterioration in the high-frequency response.

(3) Often encountered when two stations are operating close together.

(4) In preventing harmonic radiation.

(2) Oscillator frequency variations due to poor regulation in the oscillator power supply.
(3) Reinserting the missing carrier by means of a locally generated signal,

(4) Enables you to cut down the interference from interfering stations.
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43. A block diagram of a double-conversion FM receiver.
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44, A block diagram of a phase-shift-type of single sideband generator.
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45. A block diagram of a typical carrier-insertion-type single sideband receiver.
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46. A cascode amplifier,
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47. A balanced mixer circuit typical of those used in microwave receivers.
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48. A block diagram of an AM broadcast transmitter using low-level modulation.
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49, A block diagram of an AM transmitter,
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sion frequency in the range of 7 mc.
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50, A block diagram of an SSSC transmitter (filter type) with a 20 kc oscillator and an emis-
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10.

11.

ANSWERS TO MULTIPLE-CHOICE EXAMINATION TC-10

. (2) The amount of feedback applied is divided by means of a capacitor-divider network.

. (1) The forward bias higher on the Class A amplifier. A Class A amplifier is a linear amplifier and in the case of a

push-pull amplifier the signal will cause the signal current to increase in one transistor and decrease in the other. In the
Class B amplifier the signal drives one transistor into the conduction region while the other transistor is cut off. Thus, the
Class A amplifier is biased essentially in the linear portion of its characteristic curve, while there is little or no forward
bias on the Class B amplifier.

. (4) 1.5 volts
. (1) Lead-peroxide

. (2) Sponge lead

. (4) To cancel the feedback through the collector-base capacity of the transistor. If neutralization is not employed, there

may be enough energy fed from the output circuit, through the collector-base capacity of the transistor, back into the
input circuit to cause the stage to go into self oscillation. The feedback energy fed through the neutralizing capacitor is
180° out-of-phase with the energy fed through the collector-base capacity of the transistor, and will therefore cancel the
feedback signal and provide for stable operation of the stage.

. (3) A diluted solution of sulphuric acid.

. (3) Can be repaired by soldering a piece of wire across the break. Sometimes it is not even necessary to use a piece of

wire, you can simply bridge the break, where it is cracked, by flowing solder across the break. However, when solder
won’t flow across the break, and where the open in the circuit may be of some length due to the fact that the conductor
has come off the etched board, you can solder a piece of wire across the open circuit and continue to use the board.

. (3) Use a low wattage soldering iron to avoid heating the connection any more than necessary. If you apply too much

heat to the connection, the bond between the copper and the board will be destroyed and the copper conductor will
come up off the circuit board.

(2) When the vehicle is in motion. A hairline crack in a printed circuit board is often difficult to locate because the crack
may be so fine that a contact is normally made across the cracked conductors. However, when the board is flexed, as it
may be when it is in a piece of mobile equipment, when there is some vibration, the contacts break intermittently and
cause intermittent operation of the equipment. You can usually find this type of defect by flexing the board, by pushing
on it with a pencil or some other similar object that will stress the break. Sometimes you can determine which circuit is
opening visually, other times you must check measurements as you flex the board. Usually the intermittent hairline crack
can be repaired simply by flowing solder across the break.

(3) The chemical action of the electrolyte on two dissimilar metals. In effect, there is a short-circuit battery connection
within the plates of the cell that does not produce useful current in the external circuit. Local action causes the battery
to discharge itself more rapidly than if the grids were made of pure lead. (Local action occurs when the grids are made of
an alloy.)
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Local action is sometimes confused with another process called sulphation. This is the formation of lead sulphate on the
positive and negative plates of the battery during discharge. It is a normal process in the lead-acid cell that is caused by
sulphuric acid molecules combining with lead oxide and sponge lead to form lead sulphate. If proper charging is
neglected, the sulphate eventually hardens on the surface of the plate and prevents proper contact of the electrolyte with
the active material of the plate. Sulphation is increased by allowing the battery to remain in a discharged condition or by
adding acid instead of properly charging cells. The effects of sulphation are reduced terminal voltage, increased terminal
resistance, reduced power input, and possible buckling of the plates.

(5) 1.300. When completely discharged its specific gravity is about 1.100.

(3) To tune for a zero beat, read the dial of the frequency meter, and then refer to the calibration book to determine the
frequency of the incoming signal.

(1) Check the calibration of the frequency meter.

(5) To enable the operator to take frequency measurements accurate to a few cycles per second. This is required at the
low frequency measurements, in the broadcast band, for example, where the tolerance allowed is only a few cycles. The
human ear cannot hear frequencies below 20 cycles per second, so when you want to take a frequency reading accurate
to 1 or 2 cycles, you turn on the audio oscillator and this will produce a tone that rises and falls at a rate equal to the
difference between the incoming signal and the signal produced by the variable oscillator in the heterodyne frequency
meter. Thus, when the tone becomes constant, the signal produced by the frequency meter is exactly the same as the
frequency of the incoming signal.

(1) 1.95 volts. The open-circuit voltage (no load) should be about 2.1 volts.

(4) Flaked-nickel and nickel-hydrate,

(2) Black iron-oxide,

(3) A 21% solution of potassium and lithium hydroxide.

(2) Very similar to an FM receiver.

(2) Produce an i-f signal.

(5) A peak reading meter that is calibrated to read the deviation. The reading on the meter will be a function of the

deviation because the greater the deviation, the greater the output voltage that will be produced by the discriminator.
The meter is simply calibrated to read directly the deviation of the incoming signal.

(4) A field-strength meter. The strength of the fundamental is measured as one point some distance from the transmitter
and the strength of the harmonics are measured at the same point. This will enable you to determine the amount of
attenuation of the second or any other harmonic of the transmitter.

(2) Prevent interference between stations. The harmonic of a station may interfere with another station operating on
some multiple of its fundamental frequency. Therefore it is important that the second harmonic, and higher order
harmonics, are kept as low as possible to prevent interference.

(2) Because the amount of feedback in the oscillator in the grid-dip meter decreases. This happens because the resonant
circuit under test begins to take power from the grid-dip oscillator. Thus the available feedback signal goes down and the
grid current flowing in the oscillator tube in the grid-dip meter decreases. This causes the meter reading to dip.

(3) It enables you to set the tuning in each stage to the approximate setting, so you can be sure doublers are doubling
and triplers are tripling.

TCA-10 2

o



27.

28.

29.

30.

(4) Check for vhf parasitics. With the power removed from the transmitter, the grid-dip meter can be brought near the
final amplifier resonant circuit and you can check for dips in the vhf region. If the grid-dip meter dips at a certain
frequency in the vhf region, you can be sure that there is a vhf resonant circuit present, which will probably cause
parasitics unless steps are taken to prevent them.

(5) Check the exact frequency of the transmitter. An absorption-type meter gives you an approximation rather than an
exact reading of the transmitter frequency. Therefore it can be used to be sure that a doubler is doubling and a tripler is
tripling, but you can’t measure to the exact frequency output of these stages. You can also use the meter to check for
vhf parasitics and determine approximately the frequency of the parasitics.

(3) An accurate crystal-controlled oscillator that can be used to check the accuracy of other frequency measuring
equipment in the station.

(3) The varying pressure of the sound waves causes the resistance of the carbon button to change. The alternate increase
and decrease in pressure causes the carbon particles to be first packed together more closely and lowers the resistance and
then allows them to spread out slightly, increasing the resistance of the button. This causes the current flowing in the
circuit due to an external battery to vary and this varying current flows through the primary winding of the microphone
transformer.

31. (1) On the piezoelectric effect. The varying sound waves place a mechanical stress on a small crystal slab and this in turn
generates a small electric voltage.

32. (4) It does not require an external power supply.

33. (3) Asecondary cell can be recharged, but a primary cell cannot.

34. (3) Store the cell fully charged, and check its condition periodically, recharging it if it is necessary.

35. (5) Excessive heat may be developed causing the plates to warp and short.

36. (1) 2.1 volts.

37. (4) It tells us how long we can draw a certain current from a battery; we can determine this by dividing the current
drawn into 200. For example, in the case of a 200 ampere hour battery, if we are drawing a current of 5 amperes from
the battery, we can divide 5 into 200 and find that we can draw this current for 40 hours before the battery is fully
discharged. If we are drawing a current of 20 amperes, we could draw it for 200 + 20 = 10 hours.

38. A block diagram of an FM deviation meter with each stage labeled.

RF I-F PEAK
o— —— >— LIMITER —>—{ DISCRIMINATOR (—» .
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39. A schematic diagram of the discriminator circuit of an FM deviation meter showing how the discriminator is coupled to
the limiter stage.
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40. A block diagram of a heterodyne frequency meter with each stage in the meter labeled.
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41. A schematic diagram of a Colpitt’s type oscillator using a transistor.
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42. A schematic diagram of a push-pull Class B rf power amplifier using transistors.
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43. A schematic diagram of a common-emitter rf amplifier.
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44. A schematic diagram of a PNP rf amplifier directly coupled to an NPN transistor used as an rf amplifier.
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45. A schematic diagram of a grid-dip meter.
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46. A simplified circuit diagram of an absorption-type wavemeter with a galvonometer-type indicator.
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47. A block diagram of a secondary frequency standard with the various stages labeled.
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48. A diagram of a single-button carbon microphone circuit showing the source of power in the microphone transformer.
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49. A schematic diagram showing how a low impedance pair of headphones can be connected to the output of a vacuum

tube amplifier.
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50. A simplified diagram of a crystal microphone.
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. (1) It directs current through each armature coil in the proper direction to provide a torque acting to turn the armature

in the required direction.

2. (2) Fine sandpaper. Never use anything such as emery cloth that may short the commutator bars or get into the winding.
3. (3) Reduce brush sparking. The interpoles prevent the neutral plane from shifting away from the brush position when
the load changes.
4. (4) Brushes in neutral plane.
5. (5) Increasing the field current by adjusting a rheostat in series with the shunt field increases speed. On the contrary, this
decreases speed.
6. (3) It has a constant speed with widely varying loads. If the load is light or if there is no load, speed may increase to a
point where the machine virtually destroys itself. As the load on the motor increases, the speed goes down.
7. (1) 3600 rpm. The motor has four poles per phase or two pairs of poles. To find the speed, we can use the formula:
f X60
N =
P
where N = the synchronous speed in rpm, f is the frequency of the power line and p is the number of pairs of poles.
Substituting we have:
120 X 60
N = =——=3600 rpm
8. (5) 1750 rpm. The synchronous speed of a 4-pole induction motor operating on a 60-cycle power line will be 1800 rpm.
However, an induction motor operates at a speed slightly less than the synchronous speed, therefore the choice of 1750
rpra is the only applicable one.
9. (4) Residual magnetism in the generator pole pieces.

10. (4) Varying the strength of the separately excited field. The field in an ac generator is excited by dc and usually some
method is provided for controlling the current flowing through the field. This enables the operator to vary the strength
of the field and hence control the output voltage from the generator.

11. (5) Insufficient or incorrect lubrication of the bearing.

12. (2) The field has opened.
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13. (4) It gives you the maximum rated dissipation of the transistor with the surrounding air temperature of 25°C.

14. (5) The emitter-to-base voltage must not exceed -5.0 volts and the collector current must not exceed 10 ma. o
15. (3) A half-wave antenna.

16. (1) Is one-quarter wavelength long.

17. (3) Must be made of a suitable high strength material.

18. (1) Always equal to one.

19. (5) .833. The power factor is equal to the true power measured by the wattmeter divided by the apparent power as
given by the product of the voltage times the current. Thus we have 500 + 600 = .833.

20. (3) A dynamotor is a motor-generator combination with a single field and two armature windings.
21. (4) The dc output from the generator is comparatively easy to filter.

22. (1) It is comparatively easy to get more thz;n one dc operating voltage from the output.

23. (5) The automobile ignition system.

24. (5) UHF

25. (4) The electrons travelling down the tube in bunches.

26. (1) Control the amplitude of the signal fed from the output back to the input.

27. (5) All four of the preceding answers are correct. o

28. (2) It isused to keep the electron beam going down the exact center of the tube.

29. (4) Energy is fed from the electron stream into the helix.

30. (5) The dimensions of the anode cavity.

31. (3) One dimension must be greater than one-half wavelength and the other less than one-half wavelength.

32. (4) By both electric and magnetic fields flowing down the guide.

33. (5) Both (3) and (4) are correct.

34. (4) Moisture may collect in the guide and introduce excessive attenuation.

35. (2) Successive groups of electrons passing by the entrance of the cavity at the correct time to reinforce the oscillation.

36. (4) To prevent moisture absorption that would result in excessive attenuation in the guide.

37. (5) The reading on M, would drop to zero and the reading on M, would increase.

38. (2) The reading on M; would remain the same, the reading on M, would decrease.

39. (3) The collector voltage will increase. If R; opens, the forward bias placed across the emitter-base junction will be
removed. This will cause the current flow through the transistor to decrease and therefore the current flowing through
the collector resistor will decrease. This will cause the voltage between the collector of the transistor and ground to

increase.
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40. (4) It is used to stabilize the operation of the transistor with changes in temperature.

41. A schematic diagram of a shunt generator.

[ ]

42. A schematic diagram of a compound generator. Either diagram is correct.

SHORT
SHUNT

®

LONG
SHUNT

43. A schematic diagram of a series motor.
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44. A diagram of a basic two-cavity klystron tube.
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45. A diagram of a reflex klystron showing the polarity of the voltage applied to the repeller.
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46. A sketch of a travelling-wave tube.
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47. A sketch showing a cross-section of a magnetron.

TCA-11

/

53.30

IMPEDANCE
MATCHING
RESISTOR

INTERACTION SPACE

HELIX  MOUNTING

@-—oumn IACK

e




48. A sketch of a waveguide with the critical dimensions labeled.
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49. A sketch of a coaxial-whip antenna identifying the various parts.
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50. A schematic diagram of a Class B 1f power amplifier using a vacuum tube.
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1. (3) The voltage leads the current by 90°.

2. (1) 12 ohms. To find the impedance of a circuit of this type we must first find the impedance of the parallel branch. To
do this we assume any convenient voltage across the capacitor and the coil. In this case, 20 volts is a convenient voltage
to assume. With this assumption, we can then find that the current through the capacitor is:

I . 1
==—=1 amp,
C 20 P
and the current through the inductance can be found by:
20
Iy = ? =4 amps.
We know that the capacitive current will be 180° out-of-phase with the inductive current. Therefore the actual current
flowing in the parallel circuit will be the difference between these two currents. Thus we have the current f=4-1=3
amps. Now that we know the current flowing to the parallel circuit we can find the impedance of the parallel circuit by

dividing the current into the voltage. Thus we get:

20
Z= 3—= 6.67 ohms.

To find the total impedance of the circuit we use the formula:
2= VRETXT
and substituting for R and X we have:
Z=10% +6.67%
2=\/1007 444

=12 ohms.
3. (2) 1620 kHz.

4. (1) 20 volts. To find the voltage across the capacitor, you must first find the impedance of the circuit and then find the
current flowing in the circuit. The reactance of the capacitor and inductance in series, since they are opposites, will be
equal to the difference between the two. Thus the reactive component has a reactance of 10 — 6 = 4 ohms. Now to find
the impedance we substitute in the formula:
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10.

11.

12.

Z=VRT+ X%
and substituting for R and X in the formula we get:
Z=3T+4%
Z2=\9+16
=25
=5 ohms.

Thus with a voltage of 10 volts across the circuit, the current flowing in the circuit will be 10 volts divided by 5 ohms
equals 2 amps. This means that the voltage across the capacitor will be 10 ohms X 2 amps = 20 volts.

. (3) A noise caused by irregular current flow through a diode.

. (4) The gain of a transistor in a common-base circuit. Alpha is given by the formula:

Al
a:.-c

Alg

. (5) 910,021 Hz. The authorized frequency tolerance of a station in the broadcast band is 20 Hz. Thus the station may

operate as much as 20 Hz above 910 kHz or 20 Hz below 910 kHz and still be within its assigned tolerance. The only one
of the frequencies listed that is more than 20 Hz from 910 kHz is 910,021 Hz.

. (5) They are susceptible to damage by voltage transients.

. (2) 30 ohms. If R; has one-third the resistance of R,, then the ratio of R, over R, must be 3. Substituting this in the

formula for:

&-&XR
R 3

we will get:

R4 =3 X 10= 30 ohms.
(5) 1t is reasonably rugged.

(5) All of the preceding answers are correct.

(2) 3.18 mfd. If the cathode bias resistor is S000 ohms, then we assume that the reactance of the cathode bypass
capacitor should be one-tenth this value or 500 ohms. We know that the reactance of a capacitor is given by the formula:

1

Xp= ———
C 628X X C

This formula can be arranged so that we have:
1
C=—
6.28 X f X X¢

and substituting in this formula we get:
1
C=
6.28 X 100 X 500

2



13.

14.

15.

16.

17.

18.

19.

20.

159
~ 50,000
159X 107
"~ 5% 104

=3.18X 107°
=3.18 mfd
(4) It is less expensive.
(3) It has a higher output.
(4) Picks up equally well in all directions.

(1) 8.3 The voltage gain of an amplifier can be found using the formula:
u X Ry
Rp+ Ry,

and substituting for u, Ry and Rp in the formula we have:

_ 10 X 50,000
710,000 + 50,000
_ 500,000
" 60,000

=83

For further information on this problem see Example 258 in Study Guide 12.

(5) 13 henrys. The inductance of series-connected coils whose fields aid can be obtained from the formula:
Lt=L;, +L, +2M
and substituting for L,, L, and the mutual inductance we get:
L=10+2+2X.5
Lr=10+2+1
= 13 henrys.

(2) Beta. The beta of a transistor is given by:

(3) The audio frequency range.
(4) 3 db. You can find the loss using the formula:

P,
db=10log—
P,



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

and substituting P, and P, we have:

100
db=10log
50

db=101log 2

db=10X .3=3

(3) Send the completed application and fee to the nearest FCC Field Office.

(1) So that the transistor can be soldered in the circuit quickly. This is important because if it takes too long to solder the
transistor into the circuit there will be considerable heat transmitted up the transistor leads to the junction, and the

possibility that one of the junctions may be damaged by the heat.

(4) Solder a piece of hookup wire across the break in the conductor.

(2) By variations in air pressure.
(5) A small permanent-magnet dynamic speaker.
(5) Five years from date of issuance.

(3) Normal carbon hiss from the microphone.

(1) Because they are designed for use with 600-ohm transmission lines.

- -
i e _
{ 36000 ] B _1
| EXTERNAL e |
:RESBTANCE i |
- F—AA AJVﬁSO | AAA- MA—]
N N LV
6000
LINE 1 600 R3 |
LOAD }
. |
39000 T }
TYPE i
ATTENUATOR ,
.. J

(3) To prevent hum and noise pickup in the transmission line.

(5) The original must be posted at duty point or kept on operator’s person according to class of station requirements.

(3) By connecting them so their output signals are in-phase.

(3) Reduce distortion and improve stability.

(2) Voltage and current feedback.

(1) Send a written reply within ten days to the notifying FCC office. Reply should explain the situation, remedial action

taken to prevent recurrence and name and license number of operator.

(4) The feedback voltage must be 180° out-of-phase with the input voltage.

4
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37. (4) 3.33%. To find the percentage feedback we use the formula:
A
a= ——
1+BA
where:
a = gain with feedback
A = gain without feedback

B = fraction of output voltage fed back.

We rearrange this formula by cross-multiplying and get:

A=a+BAa
Rearranging we have:

BAa=A-a
Dividing through by Aa we get:

_A a
Aa Aa
1
B=e——
a A

and substituting the gain with feedback 15 for “a” and the gain without feedback, 30 for “A”, we get:
b
15 30
and bringing these to the common denominator which is 30 we have:
2-1

= emm———

30

30

Now to express this as percentage we multiply by 100 and we have:

1
B =-—X 100
30

=3.33%

38. (1) 8.33. To find the gain with feedback we use the formula:
A
1+BA

where:

a = gain with feedback
A = gain without feedback
B = fraction of output voltage fed back

5)



39.

40.
41.
42.

43.

45.
46.

47.

Substituting 50 for A and 1/10 for B we have:
50
Y
1+1/10X 50
_ 50
1+5
50

A= e

=8.33

(2) 16.7. To solve this problem we first convert the percentage feedback into a fraction. 4% feedback equals:

Now we substitute the gain of the amplifier without feedback and the percentage of feedback into the formula:
A
1+BA

where:
a = gain with feedback
A = gain without feedback
B = fraction of output voltage fed back

and substituting 50 for A and 1/25 for B, we get:
_ 50
2T T+1/25% 50
50

= S—

1+2

a=—

3

= 16.7
(3) Produce a low-frequency distortion referred to as “wow”.
(2) Within fifteen days send an application for a hearing to the FCC.
(4) The ability of the amplifier to produce an amplified version of the input without distortion.
(4) It provides good reproduction with a minimum of distortion.
(5) a high-frequency distortion that may be caused by dirt on a tape playback head.
(3) A low-frequency distortion caused by turntable vibration.
(4) Incorrect bias current in the tape head or a defect in the amplifier.

(1) 13 db. To find the gain we use the power formula:



db=101 P
= og—
Y

and substituting 100 for P, and 5 for P, we get:

100
db= 10 log —5—

db= 10 log 20
db=10X1.3
=13

48. (3) 100 ohms. To find the impedance of this circuit we use the formula:
Z2=yRT+X*
Z =+/607 + (100 — 20)*
Z=1/3600 + 6400
Z=+/T0000

=100 ohms

49. (2) The reading on M, will increase. The bias for the stage is developed across the resistor in the grid circuit. If the 1f
input disappears, there will be no bias developed and therefore the current through the tube will increase to a high value.

50. (2) R, provides forward bias across the emitter-base junction and a small amount of degeneration.
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YOUR MODEL

INSTRUCTOR’S ANSWERS

Here are the correct answers to your FCC type Multiple Choice Examination as prepared by your instructor. Compare
your answers with his. Where he felt it would be helpful, a discussion follows the correct answer giving the reasons for his
answer, or how it was derived.

ANSWERS TO MULTIPLE-CHOICE EXAMINATION TC-13

. (1) The operator on duty at the transmitter.

. (4) The turntable speed is varying slightly above and slightly below the correct rate.

. (3) A test record and measure the output from the amplifier at various frequencies.

. (4) An amplifier that has a variable gain which prevents overmodulation at high amplitude levels.

. (2) It compensates for unequal frequency attenuation in the line.

. (4) A fine of not more than $10,000 and/or not more than one year in prison or both.

. (1) A high Q series-resonant circuit because the equivalent inductance is high compared to the equivalent resistance.

. (3) They are amplifiers that automatically compensate for signals of different amplitude to prevent overmodulation of

the transmitter.

. (3) By means of a biased diode which conducts when the signal exceeds a certain level and using the signal developed to

control the gain of an amplifier.

10. (5) The dimensions and type of cut.
11. (3) An amplifier containing a diode that develops the signal which is used to compress the dynamic range of a broadcast.
12. (4) It is a very sensitive type of thermostat used to control the temperature of a crystal oven.
13. (1) It is less expensive.
14. (3) They should be painted with alternate equal bands of aviation surface orange and white paint, with widths ranging
between 1-1/2 and 40 feet.
15. (4) 50%. The maximum theoretical efficiency of any Class A power amplifier is 50%. However, in practical applications
the efficiency is usually considerably less than this and often runs as low as 10 to 12%.
16. (4) Their operating efficiency is too low.
17. (5) If the drive disappears, the plate current will rise to a high value and destroy the tube.
18. (3) A push-push frequency doubler.
19. (1) It usually does not require neutralization.
20. (3) 12-1/2 watts. To find the power required we use the formula:
TCA-13 1
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21.

22,

23.

24.

26.

217.

28.

29.

30.

Py p
2 C
where P is the audio power required, m is the modulation index and Pg is the rf power.

To find the modulation index, we divide the percentage of modulation by 100, therefore the modulation index in this
case is 50 divided by 100 which equals .5. Now substituting this in the formula we have:

X 100
25

2
12-1/2 watts

(5) The maximum plate current flow through the tube occurs at the time of minimum plate voltage and hence the tube
losses are low.

(5) From the General Services Administration, Washington, D. C. 20407.

(1) 15,000 ohms. The size of the bias resistor can be found using Ohm’s Law:
E

We are told that the grid-leak bias should be —45 volts and that the grid current is 3 ma. Converting 3 ma to amps we get

.003 amps and substituting these values in the formula we have:
45

.003

and multiplying the top and the bottom by 1000 to get rid of the decimal we have:
45,000
3

= 15,000 ohms

(2) A high operating bias is used to reduce the operating angle of the stage.

. (3) The plate current increases during modulation indicating nonsymmetrical modulation.

(2) 5000 watts. Using the indirect method, we determine the power output by multiplying the input plate voltage of the
final stage times the plate current, times the efficiency. Thus we have:

P

10,000 X 2X .25

5000 watts.

(3) Call sign of the station tested, then the word “testing” followed by the count 1, 2, 3, 4, etc.

(4) They are safety devices used to protect the operator from the high voltages of the transmitter.

(4) The plate-current overload relay would function and remove the plate voltage from the output stage.
(4) The higher frequency signal will cause the resting frequency to change at a faster rate.

2



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

(5) 150 kHz. The maximum deviation is 75 kHz. This means that the transmitter frequency may swing 75 kHz below
and 75 kHz above the resting frequency for a total frequency swing of 150 kHz.

(5) It improves the signal-to-noise ratio at the high audio frequencies.

(4) 50 kw. If the antenna gain is 14 db and the line loss is 4 db, the overall gain of the transmission line and antenna will
be 14 - 4 = 10 db. Now using the formula:

P,
db=10log—
P,

and substituting 10 for db we have:

P,
10=10 log —

P,
or,

2
log— =1
ng

Now we need to determine what number has the logarithm of 1. The answer to this is 10. Therefore the antenna has a
gain of 10 so that the effective radiated power will be 5 kw times 10 equals 50 kw.

(3) Asoften as necessary to maintain good visibility.

(4) On the top of the highest building or hill in the area.

(1) In the direction along the line A-B. The signal applied to the antenna element nearest A will be radiated and will
travel through space as the signal travels down the transmission line to the radiating element B. The two signals will arrive
at the same time so they will be in-phase and reinforce each other. Thus maximum radiation will occur along the line
A-B. Signals traveling from the antennas A and B in the direction C-D will be 180° out-of-phase with each other and
therefore will cancel each other,

(2) Construction of a high-rise apartment building with a steel frame.

(4) Adjusting the power and phasing of the energy fed to each element.

(2) They are used to improve the ground conductivity.

(3) By using an adjustable T-type network between the transmission line and the antenna.

3) 50%

(2) 15 microvolts per meter

(3) North

(1) 1t adds reactive current to the oscillator tank circuit that either increases or decreases the effective inductance or
capacity of the circuit.

(4) By using a low-frequency oscillator followed by frequency multipliers then a converter which reduces the center
frequency without reducing the deviation and then feeding the signal to additional frequency multipliers.

(3) There is little or no difference between frequency and phase modulation.

(5) The electric field radiated by the antenna is vertical.



48. (2) To get a maximum life from the relay contacts.
49. (4) It isolates the oscillator from the power amplifiers.

50. (4) The final amplifier grid circuit is tuned for minimum grid current.
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YOUR MODEL

INSTRUCTOR'S ANSWERS

Here are the correct answers to your FCC type "Multiple Choice Examination as prepared by
your instructor. Compare your answers with his. Where he felt it would be helpful, a dis-
cussion follows the correct answer giving the reasons for his answer, or how it was derived.

1.

ANSWERS TO MULTIPLE-CHOICE EXAMINATION TC-14

(4) 5.00 volts. Since the peak-to-peak value of the voltage is 14.14 volts, then the peak value must be 7.07 volts. To
convert the peak value to rms value, you multiply by .707;.707 times 7.07 is equal to 5.00 volts.

. (3) 57.7 volts. In a wye-delta connection, with a 1:1 turns-ratio, there will be a step-down in the voltage in the order of

1 + /3 which is .577. Therefore, with the 1:1 turns-ratio, we would have 577 volts across the secondary. However, since
we have a 10:1 turns-ratio, the secondary voltage would be 57.7 volts.

. (4) 10.0 mh. In a parallel-resonant circuit the inductive reactance will be equal to the capacitive reactance. Therefore

the inductive reactance must be 100 ohms. To find the value of inductance we use the formula: .
X
L = _L
628X f

and substituting 100 ohms for X and 1590 Hz for f we have:

~ 100
6.28 X 1590
L=.01 henry =10 mh.

4. (2) A lower turns-ratio is required.

5. (5) Plate modulation is not more desirable; grid modulation is used.

6. (5) 1399 volts. To find the peak-inverse rating of the rectifier tube you must first find peak voltage across the entire
transformer winding. Since the voltage across one-half is 500 volts rms, the rms voltage across the entire winding will be
1000 volts. To convert this to the peak value we multiply by 1.414 and get 1,414 volts. From this value we subtract the
drop in the rectifier tube, which is 15 volts, and get 1399 volts.

7. (1) To reduce line losses.

8. (2) They introduce high line losses.

9. (4) 1kHz.

10. (1) Secondary emission.
11. (5) By using an electron multiplier inside of the tube.
12. (2) 160 watts. To find the power in the sidebands, you use the formula:
mch
l'.,sb = 9
TCA-14 1
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where m? is the modulation index and in this case it will be .8 and P is the power in the carrier. Substituting these values in

the formula we get:

13. (5) It is less complex.

14. (2) 49 kHz. The deviation with 100% modulation on an FM station is 75 kHz. Therefore with 65% modulation the

deviation should be 75 X .65 = 49 kHz.
15. (3) To reduce flicker.

16. (5) 2000 Hz.

17. (2) 20 kW. The power output of an FM station does not change with modulation.

18. (3) Two years.

sb 2

2

19. (3) The station may be operated for 60 days without FCC authority.

20. (3) The color synchronizing pulse has an eight-cycle color burst on the back porch that is not present on the

monochrome synchronizing pulse.

21. (4) 75%.

22. (1) Because a sawtooth waveform moves the beam across the face of the tube at linear rate.

23. (5) A studio-to-transmitter link by means of radio transmission.

24. (2) To check the standing wave ratio on the transmission line.

25. (3) To feed the sound and video carrier signals to a single antenna.

26. (4) Four elements, a horizontally polarized pattern.

27. (1) L, —59 ohms, L, — 89 ohms. To find the reactance of L,, we take the square root of the product of the antenna

resistance and the characteristic impedance of the transmission line:

X1 = VRiZo = /77X 45= /3465 = 59 ohms

L, must compensate for the 30 ohms of capacitive reactance of the antenna, so it is equal to:

Xya = 59 + 30 = 89 ohms

28. (2) Both the plate and screen.

29. (5) 400 ohms. The reactance of an inductor varies directly with the frequency. Therefore the reactance of the inductor

will be five times at 3500 kHz what it is at 700 kHz.

30. (3) 1515 kHz.

.82 X 500

.64 X 500

160 watts.

o

o
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

(1) To isolate the crystal oscillator from the intermediate power amplifier.

(3) They help obtain the required frequency deviation.

(2) 67 kHz.

(4) the Y signal.

(1) At least one operator shall be on duty who has a Radiotelephone First Class License.

(3) The ratio of picture width to picture height.

(5) 10 ohms per volt.

(2) 30.

(5) 30 microseconds. The time-constant of an R-C circuit is defined as the time it takes the capacitor to charge to 63%
of the applied voltage, or in the case of an R-C circuit that is already charged, the time it takes to discharge to 37% of the
applied voltage. In this case, since the applied voltage is 100 volts, 37% of the voltage would be 37 volts. The R-C
time-constant is obtained by multiplying the capacity of the capacitor in microfarads times the resistance of the resistor
in megohms. In this case, we have 3 X 10 ™ microfarads X 10 megohms, so the time-constant is 3 X 107 X 10 =30
microseconds.

(5) As often as necessary to insure that no deterioration of station performance has occurred.

(3) Still resonant at 1000 kHz. Placing two identical inductors in parallel will give an equivalent inductance of one-half
that of either inductor. Placing two identical capacitors in parallel gives an equivalent capacitance of twice that of either

capacitor. Thus, since the inductance is halved and the capacitance is doubled, the combination is still resonant at 1000
kHz.

(1) At intervals not to exceed three months.
(2) The station is operating within assigned frequency tolerance established by the FCC.

(4) The characteristic impedance of the transmission line will not be affected, so it should be terminated correctly by
the antenna.

(4) 576 watts. With a power input to the station of 400 watts, and an efficiency of 60%, the rf power output from the
transmitter will be 240 watts. So if the efficiency of the transmission line is 80%, 80% of the 240 watts, which is 192
watts, will be delivered to the antenna. Since the antenna has an effective gain of 3, the effective radiated power will be
three times 192 watts, which is 576 watts.

(3) 2.3 inches.
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