CHAPTER 2
THEORY

Section |. BLOCK DIAGRAM

7. General

Radio sets AN/PRC-9A and —10A consist of
a battery (not supplied with the sets), a long or
short antenna, and a receiver-transmitter. The
receiver-transmitter includes an fm receiver, an
fm transmitter, and a calibration circuit. The
block diagram (fig. 4) shows the signal paths for
each of these circuits.

8. Receiver Signal Path
(fig. 4)

A frequency-modulated (fm) signal picked up
by the antenna in use is applied to first radiofre-
quency (rf) amplifier stage V4. The signal is
further amplified by second rf amplifier V5 and
applied to mixer stage V6. The incoming rf sig-
nal and the receiver oscillator signal heterodyne
(beat together) in mixer stage V6 to produce an
intermediate frequency (if.) of 4.3 megacycies
(me). This if. signal is amplified by the four if.
amplifier stages (V101). These stages are con-
tained in sealed cans V101 through V104 (fig. 32).
The output of the fourth if. is at a constant
amplitude and is fed to discriminator cireuit T101
which converts if. signals to audio signals, The
audio signals are amplified by audio amplifier V7
and are applied to the earphone of the handset.

A squelch circuit, which can be turned on or off,
is used with the receiver. This circuit prevents
tube and background noises from reaching the
handset during intervals when no signal is reach-
ing the receiver.

9. Transmitter Signal Path
(fig. 4)
«. Voice signals from the microphone of the

handset (push-to-talk button in) are fed directly
modulator stage V2. Here they are amplified and

then applied to the transmitter oscillator circuit
to vary its output frequency (fm). The trans-
mitter oscillator output is applied through the
antenna cireuit to one of three antennas that may
oe used with the radio set.

b. Transmitter oscillator V3 is tuned from the
control panel to operate at a frequency of 4.3 me
below that of the receiver oscillator. A portion
of the transmitter oscillator output beats with re-
ceiver oscillator V8 in mixer stage V6. When the
transmitter oscillator is on frequency, the mizer
output is exactly 4.3 me. This beat frequency is
fed through the if. stages to the discriminator,
which controls the transmitter oscillator fre-
quency. When the mixed if. signal is exactly at
4.3 mc, the transmitter oscillator is locked in at
its assigned frequency.

¢, When the transmitter oscillator is off fre-
quency, the mixer if. signal is either above or below
4.3 me. This causes a frequency control voltage
to be developed in the discriminator, which
changes the bias of modulator tube V2. The plate
current of the modulator tube therefore changes
and causes the transmitter oscillator frequency to
change in a direction opposite to its drift. Be-
cause of this automatic frequency control (afc)
the transmitter oscillator frequency is constantly
controlled at a frequency of 4.3 me lower than that
of the receiver oscillator frequency cireuit. Fur-
ther correction of the transmitter oscillator fre-
quency is provided by a pulse-sweep generator
circuit which operates whenever the frequency is
beyond the control of the disecriminator (about 80
kilocycles (ke) deviation) (as, for example, when
the equipment is initially turned on). When the
pulse-sweep generator operates, a low-frequency
putt-putt sound can be heard in the earphone of
the handset. This circuit very slowly varies the
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Figure §. Radio sets AN/PRC-8A and —10A receiver-transmitier, block diagram.

transmitter oscillator frequency up to about 750
ke below and above the center frequency, until the
transmitter frequency comes within range of the
discriminator. The discriminator then takes over
control and the pulse-sweep generator operation
ends.

10. Cdlibration Signal Path

a. The 2.15-mc calibrating oscillator (V9) is
2 erystal-controlled oscillator used to aline the
receiver-transmitter. Flarmonics of the 2.15-moc
calibrating oscillator are coupled to the rf and
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mizer circuits when POWER switch 81 is held
in the CAL & DIAL LITE position (fig. 3). For
example, if the receiver is tuned to a red-marked
indication on the dial, such as 51.6 me (or 35.6 me
on the AN/PRC-9A), the twenty-fourth har-
monic of the 2.15-me calibrating oscillator is
picked up in the antenna circuit of the receiver.
This 51.6-me signal, after amplification in the
receiver rf stages, beats with the receiver oscilla-
tor signal to produce an if. output from the mizer
tube. The output is at 4.3 me, or slightly off this
frequency if the receiver is not correctly alined.
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This signal is amplified through the four if. stages
and applied to discriminator stage T201.

b. The output of 2.15-me calibrating oscillator
V9 is also fed into the diseriminator circuit. Here
its second harmonic frequency of 4.3 mc mixes
with the incoming if. signal received through the
if. stages. The beat frequency of these two signals
is passed through audio amplifier V7 to the ear-
phone of the handset. If the radio receiver is
correctly alined, the incoming if. signal will be
at exactly 4.3 mc, and a zero beat results. How-
ever, if the radio receiver is not correctly tuned,
the receiver oscillator frequency will not be 4.3 me
above the rf frequency to which the TUNING dial
is set and the incoming if. signal will be slightly
off 4.3 me. Hence when it beats with the 4.3-mc
signal from the calibrating oscillator, an audio

beat will result and be heard in the earphone of
the handset.

¢. If the rf and receiver oscillator tuned circuits
are then varied slightly by means of the TUNING
control a zero beat is obtained in the handset. The
dial of the receiver is now slightly off 51.6 me
because of the TUNING control adjustment.
Alinement of the receiver is accomplished by me-
chanically setting the dial pointer exactly on the
51.6-mc calibration point on the dial. This cali-
bration insures that the receiver oscillator fre-
quency is exactly 4.8 mc above the frequency shown
on the dial of the receiver-transmitter and that
the dial reading is correct. It also insures the
accuracy of the transmitter frequency which is
controlled with reference to that of the receiver
oscillator.

Section [I. RECEIVER STAGES

11. Anienna Circuit
(fig. 5)

a. The antenna ecircuit is used for both trans-
mitting and receiving. Any one of four antennas
can be used. The long whip antenna (AT-271A/
PRC) plugs into the LONG ANT connector J1A.
Its cireuit is tuned by coil L6 and adjusted by
variable eapacitor C12 (C12 is ganged with main
TUNING capaciter C9). The short antenna

(AT-272A/PRC) plugs into SHORT ANT con-
nector J1B, and is tuned by coil L7 (L7 is also
ganged with C9). An auxiliary antenna (TM11-
$12, par 11d.) plugs into AUX ANT connector
J3. A homing antenna may also be plugged into
the AUX ANT connector J3. When the long
antenna is plugged into the LONG ANT connec-
tor J1A, a shorting strap on the plug of the long
antenna connects C12 and L6. The signal picked-
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up in the antenna is resonated in antenna eoil L9
This coil, which fuctions as the plate coil of the
. transmitter oscillator and the grid coil of the first
rf amplifier, is tuned by capacitor C9A, a section
of the main TUNING capacitor. Capacitor G20
is a trimmer for high frequency (ht) tracking at
the high end of the dial, and the adjustable iron
core of antenna coil L9 provides low frequency
(1f) tracking at the low end of the dial. Capaci-
tor (19 couples the rf signal from the antenna coil
to the grid of first rf amplifier V4.

5. The filament of 2.15-me calibration oscillator
V9 is returned to ground through the tap on an-
tenna coil L9. Sufficient rf coupling exists be-
tween the coil and the grounding wire at the coil
tap to couple the calibration signal and its har-
monics inductively into the antenna coil. This
signal can then be coupled into first rf stage V4
through C19.

12. First and Second Rf Amplifiers V4 and V5
(fig. 6)

a. First Rf Amplifier. The signal from the
antenna circuit is applied through coupling ca-
pacitor C19 to the control grid of first rf ampli-
fier V4, a pentode type 1AD4. The signal is
amplified by V4 and is then fed through coupling
capacitor (23 to the grid of second rf amplifier V5.

(1) Grid resistor R14 provides 1 dc return to
ground. The plate tank circuit consists
of C9C, C22, and C60 in parallel with
1.11. Capacitor C9C is a section of the
TUNING capacitor. Coil L11 is adjust-
able for alinement of the rf amplifier at
the low end of the dial. Capacitor C22
is adjustable for alinement at the high
end of the dial. Capacitor C60, in paral-
lel with (22, has a negative temperature
coefficient. When changes in tempera-
ture occur, the value of L1l changes. The
value of CG0, however, changes in the
opposite direction from that of L11 to
minimize changes in the resonant fre-
quency of the plate tank circuit. The rf
signal is returned to ground through C24
from a tap on Li1l. The screen grid is
connected to the opposite end of 1.11 from
that of the plate to put an rf voltage at
the screen that is opposite in polarity to
that of the plate. This provides a nega-
tive feedback voltage that prevents
oscillation of the amplifier.

(2) B+ is applied to the plate and screen
through R25 and R15. Resistor R15 and
capacitor (24 form a decoupling filter
that isolates the B+ supply from rf volt-
ages. Filament voltage 1Is applied
through contacts 8 and 7 of recelve-trans-
mit relay K1, in series with the rf choke
1,10 and V4 filament to ground. Capaci-
tor C21 bypasses the filament for rf.
Contacts 8 and 7 of K1 are open when the
radio set is in the transmit condition, and
are closed during reception. Conse-
sequently the first rf stage, as well s
second stage V5, operates only when the
radio set is in the receive condition.

b. Second Rf Amplifier. The output signal
from the plate circuit of V4 is applied through
coupling capacitor (23 to the control grid of
second rf amplifier V5. This tube, a pentode type
5678, amplifies the signal and feeds it through
coupling capacitor €27 to the input circuit of
mixer V6. The design of the second rf amplifier
is basically the same as that of the first rf amplifier,
B+ is applied to the plate and screen through
R17. A decoupling filter formed by R17 and Ca8
isolates the B+ supply from rf voltages. Fila-
ment voltage is applied through contacts 5 and 7
of receive-transmit relay K1, in series with rf
choke .12 and V5 filament to ground in the same
manner that it is applied to first rf amplifier V4.
The stage is therefore operative only when the
radio set is in the receive condition.

13. Receiver Oscillator V8
(fig. 7)

a. The receiver oscillator supplies a signal 4.3
me higher than the incoming frequency. During
reception, the receiver oscillator signal beats with
the incoming rf signal to produce the required if.
stgnal., During transmission, the receiver oscil-
lator signal beats with a portion of the transmitter
oscillator signal that is coupled to the mixer, by
capacitive coupling through 19 and the first and
second if. stages, to produce a frequency control
signal.

5. The receiver oscillator is a triode type G286.
The circuit is a series-fed Hartly oscillator in
which plate-to-grid feedback occurs across 1.21.
The rf feedback path is from the plate of the tubo
through 46 to ground and the lower portion of
1.21 to the cathode. The voltage in the plate
(lower) section of T.21 induces a voltage in the
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Figure¥. Reeceiver oscillator V8, schematic diagram.

grid (upper} section of the coil. The grid circuit
extends from the grid (pin 3) through the paral-
lel capacitor, resistor combination C44 and R26,
and through the upper section of 121 to the cath-
ode. The tuned circuit consists essentially of 1.21
in parallel with TUNING capacitor CO9E. Ca-
pacitor C41 is a padder in series with COE to pro-
vide better tracking. Capacitor (43 is a variable
trimmer and C42 is for temperature compensa-
tion. The core of 1.21 is adjustable for alinement
of the receiver osillator at the low end of the dial;
C43 is adjustable for alinement at the high fre-
quency end of the dial.

¢. A portion of the receiver oscillator voltage
is applied from the filament of V8 to the mixer
stage. Filament power is applied to the receiver
oscillator from the mixer filament circuit, B+
power is applied to the plate of V8 through R25
and decoupling resistor R28. Resistor R27 and
capacitor C45 form a decoupling filter between
the grid and a test point at terminal 1 of test socket
J7. More current is drawn from the battery dur-
ing transmit operation of the radio set, than dur-
Ing receive operation. Consequently the plate
voltage supply to the receiver oscillator would
differ, and would affect the frequency. To off-
set this change in voltage, resistor R25 is included
in the B+ supply circuit.
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14, Mixer V6
(fig. 8)

a. A signal is applied to the control grid of the
mixer from the output of second rf amplifier V5
at the same time that a signal 4.3 me higher than
the incoming signal is applied to the filament from
receiver oscillator V8. These two signals beat in
the mixer to produce a frequency of 4.3 me. The
output of the mixer is tuned to this frequency
which is called the intermediate frequency (if.).
All frequencies outside of this if. band are rejected.

b. The output from second rf amplifier V5 is
applied to the control grid (pin 4) of mixer V6, a
pentode type 5678, Resistor R18 is the grid-leak
bias resistor. The signal from the receiver oscil-
lator (4.3 mc higher than the signal from the
second rf amplifier) is applied across L16, Coil
116 is returned to ground through C29. A por-
tion of the voltage across Li6 is applied to the
cathode of V6. The beating (mixing) of the rf
signal (injected at the control grid) and the re-
ceiver oscillator signal (injected at the filament)
produces an intermediate frequency of 4.3 mec in
the plate circait. "The plate circuit consists of
C30 and the primary of T2. This is a parallel
circuit which is tuned to resonance at 4.3 me. The
voltage developed in this circuit is passed through
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Pigure 8. Mizer V8, schematic diagram.

transformer T2 to the grid circuit of first if. ampli-
fier V101.

¢. Filament voltage is applied to the filament
through L15 and a portion of L16. Filter C29
and L15 decouple the direct current (de) filament
supply from rf voltages. Coil L14 keeps the fila-
ment above rf ground. B+ voltage is applied
through R19 to the screen (pin 2) and through
the primary of T2 to the plate (pin 1) of the tube.
Resistor R19 and capacitor C32 form a Bt de-
coupling filter.

15. First, Second, Third, and Fourth If. Am-
‘ plifiers V101
(fig.9)

@. There are four if. amplifier stages in the re-
ceiver. These are all identical and have the same
reference symbol, V101. Each stage is a hermeti- |
cally sealed plug-in can. The reference symbols
for these cans are U101, U102, U108, and 1104,
The four cans plug into sockets X7, X8, X9, and
X10 and are identical as to components and com-
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Figure 8. If. amplifier V101, schematic diagram,
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ponent referznce symbols. Therefore, a deserip-
tion of one of these stages covers all four if. stages.

b. The inbut signal is applied across terminals
1 and 2 of the can (not the tube) from the second-
ary of the transformer of the previous stage
(either mixer V6 or another if. amplifier V101).
The transformer secondary forms a series tuned
cireit with 1,101 and C101. The circuit is reso-
nant at'$% me: - The -voltage across C101 is ap-
plied to the control grid of V101. The if. return
to ground from C101 is through C102A. The dc
return to ground is through R101. In each sue-
ceeding if. stage, the signal level is greater and
the grid bias voltage developed across R101 is
greater. At the third and fourth if. amplifiers,
this bias voltage, together with the relatively low
plate voltage, produces limiting action. This clips
the positive and negative peaks from signals which
exceed a certain amplitede and applies a signal
of constant amplitude to the discriminator stage.

¢. The plate tuned circuit, consisting of 108
and the primary of T101, is resonant at 4.3 mec.
Resistor R104, across this tuned cireuit, broadens
its response to the desired band width (approxi-
mately 100 ke). The output signal is passed
through T101 to the next stage. The tuned cir-
cuit is alined to 4.3 mc by an adjustment of the
powdered shell of transformer T101.

d. The 67.5-volt supply is applied to the plate
through decoupling resistor R108 and the primary
of T101. Voltage is applied to the screen from
the top of R103. Screen rf is bypassed to ground
through capacitor C102B. The 1.5-volt supply is
applied to the filament through 1102. Capacitor
C102C and coil 1102 form an »f filter to bypass
filament rf o ground.

e. Choke coil L17 (fig. 57) prevents any unfil-
tered rf of the third and fourth if. stages from
getting into the de supply circuit. Bypass ca-
pacitor C33 helps prevent regeneration. Resis-
tor R28 is an rf filter in the bias lead from the
fourth if. stage to the squelch grid. Resistor R20
is a dropping resistor in the plate circuit of the
third if. to limit its gain. Resistor R22 is an addi-*
tional voltage dropping resistor in the plate cir-
cuit of the fourth if. stage for greater limiting
action. Resistor R21 shunts the grid resistor of
this same stage, to permit its operation as a multi-
vibrator in conjunction with pulse-sweep gener-
ator stage V301.
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16. Receiver Discriminator T201
(figs. 10 and 11)

a. Diseriminator Function. Receiver diserimi-
nator T201 converts fm signals into andjo signals,
When a voltage at the if. center frequency (4.3
me) is applied to the discriminator, the discrimi-
nator output is zero. When the input voltage is
below this frequency, the discriminator output is a
positive voltage; when the input voltage is above
this frequency, the discriminator output is a nega-
tive voltage. Since the if. signal applied to the
discriminator is fm, its frequency deviates below
and above the if. center frequency. On each of
these deviations, the diseriminator output is alter-
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Figure 10. Discriminatfor frequeney response curve.

T™ 4065A-6

nately positive and negative. The amount of fre-
quency deviation determines the magnitude of the
discriminator output voltage (fig. 10). Since
these deviations occur at an audiofrequency, the
discriminator output voltage varies at an audio
rate. The discriminator output is, therefore, an
aundio signal whose amplitude corresponds to the
frequency deviation of the fm signal.

b. Circuit Arrangement. The input to the dis-
criminator is applied across transformer T202
(fig. 11). The secondary of this transformer in
series with capacitor (202 is resonant at the inter-
mediate frequency; thus maximum voltage de-
velops across capacitor C202. The voltage across
capacitor C202 is fed through coupling capacitor
C203 to the center tap of coil 1202. Capacitor

¢




('205 is resonant with coil 1202 at the interme-
diate frequency. Capacitor (204 produces a
phase shift which unbalances the network for fre-
quencies above and below the center if. Ger-
manium erystals CR201 and CR202 rectify the if.
and develop de voltages across load resistors R201
and R202, respectively. Capacitor C206 bypasses
the if. across these resistors, and C207 returns
these frequencies to ground. Resistor R24 and

DISCRIMINATOR ~ T20I

tals. Therefore, a greater de voltage is developed
across resistor R201 than across resistor R202 for
frequencies above the if., while a greater dc volt-
age is developed across resistor R202 for frequen-
cies below the if. The difference between these
two voltages is the output voltage of the dis-
criminator.

d. Discriminator Afc Operation. In addition
to demodulating received fm signals. the diserimi-
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Figure 11.  Discriminator 1201, schematic diagranm.

capacitor (38 form a deemphasis network which
attenuates the high audiofrequencies.

¢. Diseriminator Operation. Frequencies
above the if. apply a greater voltage across crystal
rectifier CR201 than across crystal rectifier CR202.
Frequencies below the if. apply a greater voltage
across crystal rectifier CR202 than across rectifier
CR201. The difference in voltage across the two
crystals is proportional to the deviation above or
below the if. center frequency. The de current
through resistors R201 and R202 is proportional
to the if. voltage applied to their respective crys-
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TM4065A-7

nator provides an afc voltage for the transmitter.
When the radio set is in transmit operation (relay
kl energized), negative bias voltage is applied to
the low side of load resistor R202 through the
input pin 1. This voltage, approximately of
— 2.7 volts, is developed at the junction of voltage-
dividing resistors R4l and R42. The if. signal
voltage coming through the receiver (as a result
of the transmitter oscillation being picked-up in
the receiver and converted to if. in the mixer) is
fed into the discriminator. The deviation of this
if. signal from the center frequency of 4.3 mec
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Figure 12.  Audio amplifier V7, schematic diegram.

develops a discriminator output dc voltage. This
voltage, however, is centered about the —2.7-volt
level set by the negative input bias, instead of near
ground potential as in receive operation. The
correction control voltage is applied through re-
sistor R38 to the grid of modulator tube V2. When
the transmitter frequency is beyond the control
range of the discriminator afe correction voltage,
the fourth if. stage V101 operates in conjunction
with pulse-sweep generator stage V301 as a slow
cycling multivibrator. The discriminator stage
is then practically unaffected by the rectangular
wave form appearing at its input terminals. How-
ever, the 2.7-volt negative bias connected to its
input pin 1, isstill applied to the grid of modulator
tubs V2. The frequency control circuits of the
transmitter are described in paragraph 23.

17. Audio Amplifier V7
(fig. 12)

The audio signal from the diseriminator is fed
through capacitor 39, resistor R39, capacitor C53
to resistor R40, the VOL control, which regulates
the loudness of the sound in the handset receiver.
From the arm of the VOL control, the audio signal
goes to the grid, pin 4, of audio amplifier V7. Grid
bias for this tube is provided by a conmection from
resistor R40 to the — 6-volt bias supply. The audio
output of the stage is coupled to the handset re-
ceiver through an impedance matching trans-
former T8, and a connection through AUDIO jack
J8A on the control panel. Capacitor C40 assists
in flattening the audio response curve by attenu-
ating the higher frequencies more than the lower
frequencies. Capacitor C39 is inserted in the input
circuit between coupling capacitor C33 and the
diseriminator output, so that the squelch circuit
may ground the audio input to V7 without affect-
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ing the discriminator afe voltage when in transmit
operation. Resistor R39 is included in the circuit
so that in retransmission operation, when the
squelch circuit is inoperative, andio tidelity of the
circuit is improved.

18. Squelch Circvit V11
(fig. 13)

a. Squelch circuit V11, when in use, grounds
the discriminator output fed to audio stage V7.
This prevents random noise from being heard in
the handset receiver when no signals are being
received, The squelch circuit may be turned ON
or OFF manually by means of the SQUELCH
control on the control panel.

b. Switch 82, ganged to the SQUELCH con-
trol, controls the squelch circuit by opening or
closing the filament circuit of tube V11. This
switch is open when the SQUELCH control is in
the extreme counterclockwise (OFF) position and
closed when the SQUELCH control is turned to
the ON position. SQUELCH control R85 sets
the operating point by adjusting the bias voltage
for the control grid, pin 4, of the tube. This bias
voltage can be either negative or positive, since
the voltage-dividing network consisting of
SQUELCH control R35 and resistor R36 is con-
nected between the B+67.5 and —6-volt power
supplies. Resistor R37 is an isolating resistor,
which permits the fourth if. stage to bias the
squelch tube when signals are being received.

¢. The plate current of the tube operates relay
K2. When the tube conduets, the relay is ener-
gized and shorts the output voltage from the dis-
criminator to ground through contacts 3 and 4
of the relay. When a signal is received, the tube
Is biased to cutoff, therehy releasing the relay and
permitting the signal to be heard in the handset
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Figure 13. Squelch circuit Vi1,

receiver. Closed contacts 4 and 5 of relay K2 (in
the released condition) complete a 6-volt circuit
that is used in relay operation (fig. 26). Resistor
R23 is an rf filtering resistor, and R34 is an im-
pedance matching resistor. Capacitor C52 is an
audio filter, preventing noise and spurious volt-
ages from developing on V11. The connection to
test socket jack J7-4 is for troubleshootmcr and
alinement purposes.

19. The 2.15-mc Calibrating Oscillator V9
(fig. 14)

@. The 2.15-me calibrating oscillator, tube V9,
is a modified Pierce crystal oscillator. It receives
its plate voltage through resistor R32 which iso-
lates the plate rf swnal from the B+ supply.
Capacitor C48 couples the excitation feedback to

the crystal, maintaining oscillation. The series
arrangement of capacitors C47 and C49 provides
the proper loading across the erystal for optimum
crystal frequency. Capacitor C50 is the output
coupling capacitor. The 2.15-me erystal Y1, con-
trols the oscillator frequency. Resistor R31 is the
grid leak. Iron-core inductor 1.22 prevents rf
voltages from entering or leaving by the positive
filament lead. A direct connection couples the
calibrating osctllator output from the filament of
tube V9 through the ground tap on antenna coil
1.9 to the first rf amplifier stage. Rf harmonics of
the oscillator are amplified in the rf stages and
converted to 4.3-mc by the receiver oscillator and
mixer stages. These harmonic freguenecies pro-
vide beat notes at every calibrating point (desig-
nated by a red marker) on the tuning dial.
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Figure 14, The 2.15-mo calivrating oscillator (V3), schematic diagram.

&. The dial lamp illuminates the dial for tuning
apd pointer adjustment during calibration. For
this reason, it is turned on only when POWER
switch S1 is in the CAL & DIAL LITE position.
Dial lamp E8 is held in its socket by the LITE
CAP on the front panel. The lamp power is ob-

tained from the filament circuit of calibrating
oscillator V9.

20. Pulse-Sweep Generator V301
(fig. 15)

a. Function. Pulse-sweep generator stage V301
operates with the fourth if. amplifier stage V101
as a multivibrator to locate the transmitter center
frequency and place it within control of the afe
cireuit. This normally takes 1.or 2 seconds, The
pulse-sweep generator stage then becomes inopera-
tive and the fourth if. stage functions as a grid-
limiting amplifier. The pulse-sweep generator
circuit operates only in the transmit condition of
the radio set, because in receive operation the fila-
ment voltage to V301 is disconnected by relay KI1.

b. Circuit Operation. When the radio set is

mnitially turned on for transmission, the following
oceurs.
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(1) Filament voltage is connected to V301,

and the tube begins to conduct. The drop
In voltage oceurring at the plate of V301
is coupled through R301 and C301 back
to the grid circuit of V101 (in U104), and
keeps this stage cut off, However, as the
legative charge leaks off (301 through
R101 and R21 (fig. 19), the first stage
(V101 in U104) of the muitivibrator cip.
cuit begins to conduct. The drop in volt-
age occurring in the plate circuit of this
stage is coupled back through C302 to the
grid of V301, and cuts off V301 to com-
Pblete the multivibrator cycle. The cycle
repeats when the negative charge leaks
off C302 (through R303, R302, R21, and
R101) and V301 again begins to conduct,.
The repetition frequency is very slow, ap-
proximately 5 cycles persecond. Usnally,
after a second or two, the transmitter
oscillator is sufficiently stabilized and
operating at its correct center frequency.
An afe signal will then be coming through
the if. stages and, when this signal gets
to develop approximately § volts of nega-
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Figure 15. Pulse-sweep gencrator V301, schematic diggram.

tive bias in the grid circuit of V101 in
U104, pulse-sweep generator V301 is cut
off. Multivibrator action can resume only
when the afe signal at the third if. out-
put falls off, so that the cut off bias is
removed from V301,

(2} The multivibrator output has 2 rectangu-
lar voltage wave form at the plate of
V301. This rectangular wave is differ-
entlated by (303 and R305. The high
value of R305 and the other components
in the circuit through which the voltage
1s returned to ground limits the differ-
entlating action. The resultant output
wave form applied to the grid ¢f modu-
lator V2 is therefore a voltage of slowly
varying amplitude (fig. 19). In effect,
this signal can be considered as a saw-
tooth voltage which continuously varies
the modulator bias to sweep the trans-
mitter oscillator over a wide frequency
range.

c. Cireuit Arrangement. Resistor R303 (fig.
15) 1s the grid-leak resistor. Resistor R302 cou-
ples the negative bias developed in the grid cirenit

of fourth if. amplifier V101 to cut off V301 and
stop multivibrator action. Capacitor (302 pro-
vides the feedback path from the plate circuit of
V101 (in U104) to the grid of V301, and capacitor
(301 and resistor R301 provide the feedback path
from the plate of V301 to the grid circuit of V101
(in UU104}. Resistor R301 is included to increase
the time constant of the network which controls
the length of time V101 (in U104) is held to cut-
off. This is roughly about one-third the interval
that V301 is held to cutoff by the time constant of
€302, R303, and R302. Plate voltage is applied
to V301 through decoupling resistor R20 and load
resistor R304. Capacitor C303 and resistor R305
form a differentiating network which shapes the
rectangular multivibrator wave form to the de-
sired output. Filament voltage to V301 is ap-
plied through contacts 8 and 9 of relay K1 when
the radio set is in transmit operation. Resistor
R22 (fig. 19} is inserted in the plate supply cir-
cuit of V101 (in T7104) and resistor R21 is shunted
across grid-leak resistor R101 to permit the multi-
vibrator operation of fourth if. stage U104 with
pulse-sweep generator stage V301.
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2]1. Modulator Stage V2
(fig. 16)

a. The modulator has two functions. Tt fre-
quency-modulates transmitter oscillator V3, and
it also controls the center frequency of the trans-
mitter oscillator. Both of these functions are ac-
complished by the variation in inductance of
transformer L4, whose primary is in the plate cir-
cuit of modulator tube V2. Transformer L4 has
a ferrite core, common to both its primary and
secondary windings. The characteristic of this
core is such that changes in magnetic (and cur-
rent) flux through it cause the inductance of both
windings to change in value. An increase in flux
and current produces a decrease in the value of the
inductance, and a decrease in flux produces an in-
crease in the value of the inductance. Since the
primary of transformer 14 is in a bridge cireuit
with the plate of the modulator tube, changes in
plate current will produce changes in magnetic
flux through transformer L4 with resulting
changes in inductance in both primary and sec-
ondary windings. The curve showing the varia-

Section Ill. TRANSMITTER STAGES

tion in inductance of transformer T4 due to chang- ‘

ing magnetic flux is shown in igure 17.
b. Transformer 14 is connected in a bridge cir-
cuit consisting of resistors R3, R4, R5, and the
plate resistance of modulator tube V2. The pri-
mary winding of L4 is across this bridge network
(fig. 16), which normally is in an unbalanced state.
Consequently, some current will always be flowing
through 14, However, an increase of current in
V2 plate conduction causes a decrease in current
through I4. When V2 tube conduction decreases,
the current through L4 increases to cause a greater
unbalance in the bridge network. Thus, the value
of inductance in the secondary of I4 increases
when the control voltage applied to the modulator
grid is positive, and decreases when the control
voltage is negative. Normally, with no correc-
tion voltage or modulation applied to V2, the
bias on its grid is —2.7 volts in transmit operation,
¢. Voice signal coming from the handset enter
the radio receiver-transmitter through AUDIO
jack J8C. From here, they are applied across
series-connected load resistors R43 and 133, and
through resistor R30 and blocking capacitor C51
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6286
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Figure 16, Modulator stage V2, schematic diagram.
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Pigure 1. Veriation of inductance with current in L4.

to the grid of modulator tube V2. This causes
the plate current of V2 to change at an audio-
frequency rate, which, in turn, causes the flux and
the inductance of the windings in transformer 14
(fig. 16) to change. Since the secondary winding
of coil 14 is in the tuned grid circuit of trans-
mitter oscillator V3, changes in the value of the
inductance of L4 produce changes in the trans-
mitter frequency at an audio rate. The trans-
mitter oscillator is, therefore, frequency-modu-
lated by the audio signals.

d. Modulator tube V2 obtains its bias voltage
through discriminator T202 (fig. 19) from the
junction of voltage-dividing resistors R41 and R42,
across the negative 6-volt supply to ground. This
bias voltage, filtered by capacitor C38, is indi-
rectly fed to the grid of V2. The voltage at the
plate of V2 (fig. 16) is obtained through R5 from
the 135-volt supply through contacts 5 and 6 of
receive-transmit relay K1 (closed only during
transmission). The filament voltage is obtained
from the 1.5-volt supply through contacts 8 and
9 of relay K1 (closed only during transmission).
The modulator therefore operates only during
transmitting periods. '

22. Transmitter Oscillator V3
(fig. 18)
a. The transmitter oscillator is an electron-cou-
pled, neutralized Hartley oscillator. The oscil-

lator section of V3 consists of the filament, the
control grid, and the screen grid, its tuned circuit
being located in the grid circuit (U2 can) of the
tube. The plate circuit of the tube has no connee-
tion to the oscillator except through the electron
coupling in the tube. Variations in frequency or
Jonding in the plate circuit will, therefore, have
little effect on the oscillator. This makes for a
very stable oscillator.

b. The oscillator tuned cirenit consists of coil
L3 and capacitor C9B. Capacitor C11 is a trim-
mer, used for alinement of the transmitter at the
ht end of the dial. Coil L3 is slug-tuned to per-
mit alinement of the transmitter at the 1f end of
the dial. The secondary winding of coil 14 (not
shown) is in parallel with part of coil 1.3 in the
tuned circuit of the transmitter. Therefore,
changes in the inductance of coil 14 will produce
changes in the transmitter frequency.

¢. Capacitor C10 couples the tuned grid cireuit
through filter E3 to the grid of the tube. Filter
E3 is a resistor-inductor combination which pre-
vents undesirable parasitic oscillations. Resis-
tor R13 and capacitor C15 form a decoupling
filter to prevent rf from being applied to terminal
2 of test socket J7 and to prevent test equipment
from loading the circuit during test. Resistor
R11 is the grid leak. Capacitor C14 and coil L5
form an rf filter for the —6-volt filament supply.
Capacitor (13 keeps both sides of the filament at
the same rf potential. Coil L8 and capacitor C18
keep radio frequency out of the B+ supply.

d. Capacitor C16 couples the output from the
plate of tube V3 to its tank circuit, which consists
of antenna coil 19 and TUNING capacitor C9A.
Capacitor C20 is a trimmer, used for alinement of
the transmitter at the hf end of the dial; coil 1.9
is slug-tuned to permit alinement of the transmit-
ter at the 1f end of the dial. Capacitor C17 pro-
vides partial neutralization by feeding back some
of the voltage of the plate tank circuit to the grid
circuit. This prevents undesirable oscillations.

e. A tap on eoil L9 connects to LONG ANT jack
J1A, SHORT ANT jack J1B, and AUX ANT
jack J8. For semipermanent installations, an
auxiliary antenna is connected to jack J3. This
antenna is not tunable. Where semipermanent
installations are not possible, a short antenna is
used which connects to jack J1B. When greater
range is desired, a long antenna is used which
connects to jack J1A. Coil L7, in series with jack
J1B, is adjustable. Itsslugis attached by a wire
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Figure 18. Transmitter oscillator V3, schematic diagram.

to the ear of a gear on the tuning drive assembly
(fig. 42). Consequently, when the TUNING
control is operated, the slug is moved inside the
coil to vary the inductance in the antenna circuit,
thereby tuning the short antenna. The tuned
circuit for the long antenna includes fixed induec-
tor L6 and capacitor C12. The rotor shaft of
capacitor (12 is mechanically linked to the tun-
ing shaft, and the long antenna is thereby tuned
when the tuning control is operated. Plugging
the long antenna into jack J1A, electrically con-
nects C12 to coil L6 by a shorting strap in the plug
of the long antenna. The voltage across coil L9
15 coupled through capacitor (19 to the grid of
first rf amplifier V4.

23. Transmitter Frequency Control
(fig. 19)
a. General. The transmitter oscillator output
signal is affected by two circuits so that its center
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frequency is constantly 4.3 megacycles (me) be-
low that of the receiver oscillator. These two cir-
cuits are the afc circuit and the pulse:sweep gen-
erator circuit.

(1) Pulse-sweep generator V3801 circuit oper-
ates only when the transmitter oscillator
is relatively far off center frequency,
from about 80 ke to approximately 750
ke. Normally, this is the case only when
the equipment is initially started, or has
been in receive operation for an extended
time. The pulse-sweep generator cir-
cuit consists of fourth if. stage 17104
and pulse-sweep generator stage V301
These two stages operate together as a
multivibrator, generating a rectangular
voliage wave shape of very slow fre-
quency (about 5 to 10 cycles per second).
This output is partially differentiated,
so that it resembles a sawtooth sweep
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voltage. This varying voltage is applied
to the grid of modulator tube V2 which,
in turn, varies the frequency of the trans-
mitter oscillator. When the transmitter
frequency is on (or near) the center fre-
quency, the if. output signal of third if.
amplifier stage U108 develops sufficient
negative bias to cut off the multivibrator
operation. This usually occurs in 1 or
2 seconds. The bulse-sweep generator
cireuit sweeps the transmitter over a wide
frequency range until the proper fre-
quency is Jocated, whereupon the afe cir-
cuit takes over frequency control.

{(2) The afc circuit uses receiver discriming-
tor stage T201 to provide an afe voltage
which compensates for transmiiter fre-
quency deviations up to approximately
80 ke of center frequency. The afe cir-
cuit is described in 3 below; the pulse-
Sweep generator circuit is more fully
described in paragraph 20.

b. The Afe Signal. When Radio Set AN/
PRC-9A or AN/PRC-10A is In transmit opera-
tion, the transmitter oscillator signa] is picked up
in the mixer stage. Here it heterodynes with the
receiver oscillator signal to produce an if. output
at the mixer plate. This is the afe signal. If
the transmitter oscillator center frequency is cor-
rect, the center frequency of the afe signal is 4.3
me.  If the center frequency of the transmitter
oscillator is too high, the center frequency of the
afc signal is below 4.3 me; if the center frequency
of the transmitter is too low, then the center of
the afc signal is above 43 me, In any case, this
afe signal is amplified through the four if, stages
and applied to diseriminator stage T201.

¢. Afe Operation. The discriminator afe oper-
ation is described in paragraph 16d. Except for
a negative direct current s (de) bias of —2.7 volts
being applied at the discriminator input when in
transmit operation, the action of the discriminator
is identically the same ag ip receive operation. In
transimit, the output of the discriminator provides
the afc correction voltage.

(1) The afc correction voltage is a dc signal
which controls the bias on modulator tube
V2, so that the modulator In turn may
regulate the frequency of transmitter
oscillator V3.

(2) The deviation of the afc signal from the
center frequency of 4.3 me develops 2
discriminator output dec voltage. This
voltage is centered about the —2.7-volt
level set at the junction of resistors R4i
and R42., The discriminator cutput
voltage is applied through resistor R38
to the grid of modulator tube V2. 1t
causes the modulator to shift the fre-
quency of the transmitter to compensate
(correct) for deviations of the trans-
mitter oscillstor from the center fre-

: quency.

(3) When the transmitter frequency is be-
yond the control range of the discrimina-
tor afe correction voltage, such ag upon
initially starting the transmitter, there
is little or no signal at the third if. stage
output. The pulse-sweep generator cir-
cuit then operates and the afe circuit has
practically no effect. However, the neg-
ative de bias connected to the input, pin
1 of T201, is still effective on the grid of
modulator tube V2,

Section IV. CONTROL CIRCUITS

24. Voltage Distribution
(fig. 20—See foldin in back of Manual)

Operating voltages of 67.5 and 135 volts dec are
received through terminals | and D of plug P1.
The voltages are feq to the plates and screens of
the tubes as follows -

a. Receiver Power-S’uppZy Cireuits. All of
the receiver stages except 2.15-me calibrating
oscillator V9 are fed plate and screen voltages
from the 67.5-volt supply. The cireuits are thus
interrelated, and g defect in one stage may affect
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the operation of many other stages. The recejver
oscillator, mizer, if., and audio stages all have
their filament cireuits operating in both the re-
cetve and fransimis conditions, Only the two rf

stages have their filament cirenits disconnected
when relay K1 is in the fransmit condition. The
routing of the 67.5.volt potential to the various
stages is shown in detail in figure 20, and is sum-

marized as follows:
(1) The first rf and receiver oscillator stages
Connect to the 67.5-volt supply bus
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(2)

(3)

(4)

(8)

(1)

(2)

through resistor R25. This resistor is
included so that oscillator stage V8 re-
ceives the same voltage in both the zrans-
mit and receive conditions of the radio
set. In the Zransmit condition, more cur-
rent is drawn from the power source
which lowers the 67.5-volt supply and,
thereby, affects the receiver oscillator
frequency. During the receive condition,
the increase in current is adding offset by
resistor R25 and by adding the first rf
stage in parallel with the receiver oscil-
lator stage.

The third and fourth if. stages have
dropping resistor R20 in their circuit.
Resistor R22, through which the fourth
if. stage is fed plate and screen voliage,
permits the stage to be operated as part of
a multivibrator with pulse-sweep genera-
tor stage V301. This stage may operate
only when the radio set is in the ransmit
condition,

The plate of squelch tube V11 obtains
its voltage through the solenoid of relay
K2. The SQUELCH control (S2 and
R35) regulates the operation of the stage
by opening and closing the filament cir-
cuit and by varying the grid bias on V11
(par. 18),

The receiver oscillator, first rf, second
rf, and mixer cans all have the B+ po-
tential applied through terminal D of
the individual box plug-in connector.
The four if. cans and the pulse-sweep
generator can have the B+ potential ap-
plied through pin 4 of the base connector
in each can,

The 2.15-me calibrating oscillator, V9,
receives its operating potential through
R32 from the 135-volt supply. The stage
is operative, however, only when the
POWER switch is in the CAL & DTAL
LITE position.

b. Transmitter Power-Supply Cireuits.

B+ power for transmitting is received
through closed contacts 5 and 6 of re-
ceive-transmit relay X1 (when ener-
gized) and terminals D of connectors J5,
J6, and P1, from the 135-volt de source.
Modulator stage V2 connects to B+ po-
tential through R5 in one branch of a
bridge network (par. 21). The screen

grid of transmitter oscillator V3 connects
directly to the 135-volt supply; its plate
is connected to the same supply bus
through inductance coil I1.8.

(8) Positive operating potentials obtained
through a voltage-dividing network
(formed by R8, R7, R23, and R21) are
applied to the grid cireuits of cans U104
and TI801 for operation of the pulse-
sweep generator circuit,

(4) Positive potential applied to the grid of
squelch tube V11, through R34 from the
junction of R7 and R23, causes plate con-
duction in V11 when the radio set is being
used in relay operation. In handset oper-
ation, the junction of R8 and R7 is re-
turned to ground through terminal J8D;
the push-to-talk button is held in so that
the circuit through R34 has no effect on
V11. When V11 conducts, plate current
through K2 energizes the relay to ground
the sidetone of the retransmitted signal in
the radio set.

25. Control Circuits
(fig. 21—See foldin in back of Manual)

Distribution of operating voltages from the
power source (either Battery BA—279/U or Am-
plifier-Power Supply AM-598/U) to the radio
receiver-transmitter is controlled by POWER
switch S1 and the push-to-talk button on the
handset. Control Group AN/GRA-6 may also be
used to control power distribution in the set. The
functions of these controls are explained in a
through f below.

a POWER Switeh SI (fig. 21). The
POWER switch is a rotary wafer-type four-posi-
tion selector switch. When this switch is in the
OFTF position, there is no ground return for the
A, Bl, B2, and C voltages supplied (contacts
24 and 11 of S1 are not connected to ground), and
no power is applied to the radio set.

b. POWER Switeh at ON (fig. 21). All four
voltage supplies are returned to ground through
contacts 14 and 2 of S1. The filament circuits of
all the receiver tubes except squelch tube V11 are
completed. Squelch tube V11 is supplied filament
voltage when the SQUELCH control knob is
turned away from its extreme counterclockwise
position, thereby closing switch S2. Plate and
screen voltages are supplied to all receiver tubes,
Plate voltage is supplied to the squelch tube
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through the winding of squelch relay K2. The set
is in the receive condition when the push-to-talk
switch is open.

Note. B+ voltages are 2lso supplied to the plate cir-
cuits of pulse-sweep generator tube V301 and 2.15-me eali-
brating oseiilator v9, However, these tubes do not oper-
ate when their fliament circuits are open.

e. POWER Switch at ON y end Push-To-Talk
Switch Held I'n ( fig. 21). Pressing in the push-
to-talk switch of the handset completes the micro-
phone cireuit in the handset, and also the 6-volt
eircuit to the coil of relay K1. (The handset
Plugs directly into AUDIO connector J8 on the
receiver-transmitter contro) panel, except when
in relay or remote operation.) When relay K1
energizes, contacts 8 and 4 close, contacts 7 and
8 open, and contacts 8 and 9 and 5 and 6 close.
Contacts 3 and 4 complete the 6-volt filament. cir-
cuit of transmitter oscillator tube V3, and apply
de voltage across the handset microphone. The
opening of contacts 7 and 8 brealks the filament cir-
cuits of first and second rf amplifiers V4 and V5.
The closure of contacts 8 and 9 completes the 1.5-
volt filament cireuits to pulse-sweep generator
and modulator tubes V301 -and V2. The closure
of contacts 5 and 6 connects the 135-volt supply to
the plate circuits of transmitter oscillator and
modulator tubes V3 and Vo, Transmitter oscil-
lator V3 and modulator Vo are now operating;
pulse-sweep generator V301 is able to operate if
the transmitter is far off frequency, or if other cir-
cuits are not operating properly. The receiver
tubes, with the exception of the rf amplifiers, are
also all operating. (They provide the andio side-
tone and afec signal which control the transmitter
frequency.) The radio set is now in the fronsmit
condition. When the push-to-talk switch is re-
leased, the radio set Is returned to the receive
condition.

d. POWER Switch at ON s in Relay Operation
(figs. 21 and 26). In relay operation, both un-
attended radio sets at the relay station have their
POWER and SQUELCH controls turned on.
Both radio sets are in the recetve condition, with
squelch relays K2 energized. When the radio set
at either end of the communications link begins
to transmit, its signal is received by the radio set
at the relay station tuned to that particular carrier
frequency. This received stgnal caused squelch
relay K2 in the receiving radio set to release, and
completes a 6-volt cireuit through J8K to relay
K1 of the companion radio set at the relay station.
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Relay K1 operates and the companion (or second)
radio set then goes into retransmit operation. In
retransmit operation, positive de voltage is ap-
plied to the grid circuit of V11 so that the tube
is constantly conducting to keep squelch relay K2
energized. The contacts of relay K2, which are
then closed, ground the audio sidetone of the
signal retransmitted (relayed) by the radio set.
Except for this difference, operation of the radio
set 1s essentially the same in the retransmit con-
dition as in the transmgz condition. The radio set
remains in the retransmit condition as long as a
carrier signal is being received by its companion
radio set in the receive condition. The radio set
in the retransmit condition will not be affected by
any station transmitting on its frequency, because
the two rf stages in its receiver section are in-
operative. When the receiving radio set at the
relay station no longer receives a carrier signal,
squelch relay K2 energizes. This action breaks the
6-volt circuit across relay K1 of its companion
radio set in the retramsmas condition. Relay K1
then releases to remove the positive voltage ap-
plied to the grid circuit of V11, and places the
radio set in the recesve condition,

e. POWER Switeh at CAL & DIAL LITE
(fig. 21). The set is in the receive condition when
the POWER switch is held in the CAL & DIAL
LITE position. In addition, the filaments of 2.15.
me calibrating oscillator V9 and dial lamp E8
are heated through contacts 4 and 5 of 81." The
set is then ready for calibration. The spring.
return action of the POWER switch in the CAT
& DIAL LITE position prevents the switeh from
being left in this position. Unless held back, the
switch will return to the ON position,

/- POWER Switch at REM OTE (fig. 21).

(1) In the REMOTE position of the
POWER switch, all four voltage sup-
plies are connected to AUDIO jack J8J
instead of to ground. Power can now be
applied to the set only when jack J8J is
connected to ground. This connection is
made through a relay circuit in remote
Control Group AN /GRA-6, which con-
nects terminal J to grounded terminal B.
Remote Control Group AN /GRA-8 in-
cludes Local Control (434/GRC and
Remote Control C433/GRC astwo of its
basic components (fig. 22).

(2) The SET 1 cable of Local Contro]l C-
434/GRC is plugged into AUDIO jack
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Figure 22. Connections to Control Group AN/GRA-6.

J8 of the radio receiver-transmitter.
Remote Control C—433/GRC is connected
to the local control unit by a two-wire
telephone line whose maximum length
may be 2 miles (fig. 22). On the local
control unit, the LOCAL switch is set at
TEL and the REMOTE switch is set at
SET 1. On the remote control unit, the
SELECTOR switch is set to the left
write-in position and the push-to-talk
button on the handset is pressed and then
released. With the above settings on the
local contro! unit, jack J8J in the radio
set is grounded through a relay cirenit in
the local control unit and power is applied
to the receiver section of the radio set.

When the push-to-talk button is pushed
in, on the handset that is plugged into
the remote control unit, relays are actu-
ated in the local control unit. This ac-
tion completes the circuits from jack
J8F to jack J8H, and from jack J8C to
jack J8E through the handset micro-
phone. These circuits energize receiver-
transmit relay K1 in the radio set and
complete the microphone input circuit.
The radio set is then in the transmit
condition. Releasing the push-to-talk
button returns the set to the receive
condition. Turning the SELECTOR
switch on the remote control unit away

from the left write-in position, breaks
the connection from jack J8J to ground
and turns off all power in Radio Set
AN/PRC-9A or AN/PRC-10A.

26. Handset Operation
(figs. 23 and 24)

The operation of the handset during the receive
and fransmit conditions is described in & and &
below,

a. Listening. The POWER switch S1 is in the
ON position. The SQUELCH control is also
on (away from its extreme counterclockwise OFF
position) and adjusted. The —B, —A, and +C

—
\

TM5038-29

Figure 28, Handsetr H-33B/PT, schematic diagram.
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sides of the power source are all returned to ground
through POWER switch S1, thereby applying
power to the receiver-transmitter. Relay K1 is
in its released condition, so that the receiver-
transmitter is in the receive condition, Operating
voltages are applied to all the tubes in the receiver
section, but not in the transmitter section. Sig-
nals received from the transmitting radio set at
the other end of the radio communication link are
converted, amplified, and applied through the dis-.
criminator stage to the grid of audio amplifier
stage V7. The output of the audio stage feeds
into the earphone of Handset H-33B/PT. When
no signal is being received, squelch tube V11 con-
ducts to energize K2, and contacts 4 and 3 close
to ground the audio input to V7. Noise voltages
and weak signals are thus squelched. When a
signal is being received, negative bias developed
across R23 in the fourth if. amplifier stage cuts
oft conduction in squelch tube V11 and releases
relay K2 so that the received signal may be heard
in the handset.

b. Talking. The POWER switch and
SQUELCH control are in the same positions as
for listening. However, the handset push-to-talk
button is pushed in, and held in until through
talking,

(1) The push-to-talk switch closes two sets
of contacts. One set of contacts com-
pletes a 6-volt dec circuit to energize
receive-transmit relay K1. The second
set of contacts completes a dec circuit
through the handset microphone, and
grounds a positive potential in the grid
cireuit of V11 to keep squelch relay K2
released. These actions immediately
place the receiver-transmitter in the
transmst condition. Voice frequencies
spoken into the handset microphone are
fed to the grid of modulator stage V2,
which frequency-modulates transmitter
oscillator V3.

(2) When relay K1 energizes, it disables rf
amplifiers V4 and V5 in the receiver
section and connects operating voltages
to the tubes in the transmitter section.
A very small amount of rf energy from
transmitter oscillator V3 is picked-up in
the receiver section, converted, amplified
through the if. stages, and passed through
the discriminator. The output audio
signal is applied to audio stage V7. Au-

dio sidetone is thus heard in the ear-
phone of the handset, while talking into
the mouthpiece.

Note., If the radio set were being used in
relay operation, terminal D would not be
grounded through the push-to-talk switeh,
Positive potential in the grid ecircuit of VIi
would then cause V11 to-conduct, energize K2,
and ground the input to audio state V7.

27. Relay Operation
(fig. 25, fig, 26—See foldin in back of Manual)

a. In relay operation, the POWER switch of
both radio sets must be turned to ON, and the
SQUELCH control adjusted for squelch opera-
tion. When no signals are being sent in either
divection {and the transmitter carriers are off),
squelch relays K2 in both sets are energized and
pulled in. They release only when negative bias
developed from the received signal in the fourth
if. amplifier cuts off plate conduction in squelch
V11, Consequently, when neither of the two ter-
minal (or end) stations is transmitting, both radio
sets at the relay station are in the receive condition.

5. When radio set No. 1 starts transmitting, its
carrier signal is received only by radio set No. 2
which is tuned to its frequency. The signal re-
ceived by radio set No. 2 develops a negative bias
voltage in the fourth if. amplifier stage.

(1) The negative voltage developed in the
grid circuit of the fourth if. amplifier is
applied to the grid of squelch tube V11
and cuts off its conduction to deenergize
squelch relay K2. Upon being deener-
gized, relay K2 breaks contacts 3 and 4
(through which the audio signal in radio
set No. 2 is grounded), and makes con-
tacts 5 and 4 to complete a dc circuit that
energizes relay K1 of radio set No. 3.
When relay K1 energizes radio set No. 3
is in the transmit condition. The audio
output of radio set No. 2 is fed through
pin J8A, the relay cable, and pin J8C of
radio set No. 3 to the modulator input
circuit of radio set No. 3. This set re-
transmits the signal on its carrier fre-
quency to radio set No. 4. The carrier
frequencies of the two radio sets at the
relay station differ by at least 3 me.

(2) When relay K1 of radio set No. 3 is ener-
gized, a positive bias from the junction
of R7 and R23 is applied to the grid
circuit of squelch V11. This keeps tube
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Figure 25. Radio Scts arranged for reley operation.

V11 conducting and relay K2 in its plate
cireuit energized. No signal or other
voltage can then develop a negative bias
to cut off conduction of V11. Contacts
3 and 4 of relay K2 ground the sidetone
of the retransmitted signal developed in
the circuit of radio set No. 3. However,
when a handset plugged into the connec-
tor of Cable Assembly CX-1961/U has
its push-to-talk button pushed in, the
junction point of RS and R7 is grounded,
This removes the positive bias on V11
which stops tube conduction and deener-
gizes relay K2. Contacts 4 and 5 close
and permit sidetone to be heard in the
handset.

Radio set No. 8 is shown in the retrans-
mit condition with modulator V2 and
transmitter oscillator V3 operative.
However, when radio set No. 1 stops
transmitting, the negative bias on squelch
tube V11 of radio set No. 2 is removed.
Tube V11 resumes conduction and squelch
relay K2 energizes. This breaks the en-
ergizing circuit for receive-transmit relay
K1 in radio set No. 3. Both sets at the
relay station are now again in the receive
condition,

(

(2)

¢. When radio set No. 4 starts transmitting, its
carrier signal is received only by radio set No. 8

which is tuned to its frequency,
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1) The signal received by radio set No. 3
develops a negative bias voltage in the if.
stage. The negative voltage developed
in the grid cireuit of the fourth if. amphi-
fier stage is applied to the grid of squelch
tube V11 and cuts off its conduction to re-
lease relay K2 When released, relay
K2breaks contacts 3 and 4 through which
the received audio signal in radio set No.
3 is grounded, and makes contacts 5 and
4 to complete a de circuit that energizes
relay K1 of radio set No. 2. When relay
K1 is energized it puts radio set No. 2 in
the retransmit condition. The audio out-
put of radio set No. 3 is fed through pin
JBA, the relay cable, and pin J8C of
radio set No. 2 to the modulator input
circuit of radio set No. 2 whiceh, in turn,
retransmits the signal on its carrier fre-
quency to radio set No, 1.

When relay K1 of radio set No. 2 is en-
ergized, a positive bias is applied to the
grid circuit of squeleh V11 in radio set
No. 2. This keeps Vi1 conducting and
squelch relay K2 in its plate cirenit en-
ergized. No signal voltage can then de-
velop a negative bias to cut off econdue-
tion of V11. The sidetone of the retrans-
mitted signal developed in the circnit
of radio set No. 2 is grounded through
contacts 3 and 4 of relay K2, unless a
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handset is plugged into cable assembly
CX-~1961/U and its push-to-talk button
1s held in. Although figure 26 shows only
radio set No. 2 in the receive condition
and radio set No. 8 in the retransmit con-
dition, their conditions are identically
reversed when radio set No. 4 transmits
to radio set No. 1. If radio set No. 1
starts to transmit at the same time that
radio set No. 4 begins to transmit, only
one squelch relay K2 (in radio set No.
2 or No. 3) at the relay station will re-
lease. Thisisthe relay in which the plate
current of V111is first cut off. It is highly
improbable that the tubes in both radio
sets will ever cut off simultaneously.

d. The two handsets which plug into Cable
Assembly CX-1961/U are so connected that the
handset located near radio set No. 2 may receive
and transmit over radio set No. 2; the handset
located near radio set No. 3 may receive and trans-
mit over radio set No. 8. The handset earphone is
connected across terminals A and B of the hand-
set connector (fig. 26). The handset microphone
1s connected across terminals C and B through two
normally open contacts of the push-to-talk switch.
The other two contacts of the push-to-talk switch
short terminal F to H when the switeh is pushed
in. Terminals A and B of the handset Iocated
near radio set No. 2 are connected through the
relay cable to terminals A and B of ATDIO jack
J8 on radio set No. 2. Since the audio output of
radio set No. 2 appears across these terminals, it
is fed into the handset near set No. 2. Similarly,
the audio output of radio set No. 8 is fed to the
handset located near this set. The retransmission

cable (fig. 27) is approximately 15 feet long, and
the two radio sets can be arranged so that one
operator can handle both handsets, if necessary.

¢. When the push-to-talk button on the hand-
set located near radio set No. 2 is pushed in, the
handset microphone circuit is completed to the
modulator input cireuit of radio set No. 2 by the
closure of contacts C and B. The receive-trans-
mit relay (I1) circuit of this set is also ecom-
pleted by the closure of the contacts across F and
H. 'This puts radio set No. 2 in the transmis condi-
tion, and the operator at this handset may trans-
mit over radio set No. 2. Similarly, when an
operator presses the push-to-talk button on the
handset located near radio set No. 3, he may
transmit over that set. The handsets which are
plugged into the relay cable have dominating con-
trol over the direction of transmission when they
are used to transmit.

/- The lead on the relay cable which itercon-
nects terminals J of the two radio sets, enables
the relay station to be operated remotely by means
of Control Group AN/GRA-6 (par. 27f). For
this remote relay type of operation, the POWER
switch on each set must be set at REMOTE.
Power to the radio sets at the relay station may
then be turned on or off from Contro] Group AN/
GRA-6. Reception and transmission is possible
in one direction through one of the relay sets by
an operator at the control unit. When an oper-
ator is stationed with the Local Contro] C—434/
GRC unit, he may, by turning its REMOTE
switch between SET 1 and SET 2, enable an oper-
ator stationed with the Remote Control C-433/
GRC unit to receive and transmit through the
relay station in either direction.




