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WARNING

Be careful when working on the 115 volt ac line connec-
t i ons . Serious injury or death may result from contact
with these terminals.

DON’T TAKE CHANCES!

EXTREMELY DANGEROUS VOLTAGES EXIST IN THE FOLLOWING UNITS

OF RADIO SET AN/GRC-103(V)1:

TRANSMITTER, RADIO 5TR1 800  vo l t s  dc

AMPLIFIER-FREQUENCY MULTIPLIER 600 vo l ts  dc
AM-4320/GRC-103(V),
AM-4320A/GRC-103(V)
AND AM-4320B/GRC-103(V)

DANGEROUS RADIO FREQUENCY VOLTAGES EXIST AT THE
ANTENNA TERMINALS

Be careful when working around the antenna or the antenna
termina ls . High voltages exist at these points.

WARNING

Operator and maintenance personnel should be fami l iar
with the requirements of TB 43-0129 before attempting in-
stallation or operation of the equipment covered in  th is
manual . Fai lure to fol low requirements of TB 43-0129
could result in injury or DEATH.

A/(B blank)
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INTERMEDIATE DIRECT SUPPORT
MAINTENANCE MANUAL
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REPORTING ERRORS AND RECOMMENDING IMPROVEMENTS

You can help improve this manual. If you find any
mistakes or if you know of a way to improve the procedures,
please let us know. Mail your letter, DA Form 2028 (Recommended
Changes to Publications and Blank Forms), or DA Form 2028-2
located in the back of this manual direct to: Commander, US
Army Communications-Electronics Command, and Fort Monmouth
ATTN : AMSEL-ME-MP, Fort Monmouth, New Jersey 07703-5000.

In either case, a reply will be furnished direct to you.
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CHAPTER 1

INTRODUCTION

NOTE

In this technical manual, some units or parts will be
referenced by a CMC number or drawing number. These
numbers will appear on the units or parts for
identification purposes of the plain or "A" model.
These units or
replacement will

1-1. Scope

a. This manual contains

parts are not to be interchanged, and
 be by like item.

 instructions for direct support maintenance of Radio

DA Pam 750-10.  

Sets AN/GRC-103(V)1 (Band I), AN/GRC-103(V)2 (Band Ii), AN/GRC-103(V)3 (Band III),
and AN/GRC-103(V)4 (Band IV). It includes instructions for troubleshooting,
testing, aligning, and for repairing the equipment and replacing maintenance parts
which are appropriate to the direct support maintenance category. Detailed theory
of operation of the equipment is contained in chapter 2. Direct support
maintenance instructions are contained in chapter 3. Chapter 4 contains the
foldout schematic and block diagrams for the Radio Set.

b. The complete manual for this equipment includes TM 11-5820-540-12, TMs
11-5820-540-40-1, 40-2, 40-3, and DMWR 11-5820-540.

1-2. Index of Consolidated Publications and Blank Forms

a. DA Pam 25-30 . Refer to the latest issue of DA Pam 25-30 to determine
whether there are new editions, changes, or additional publications pertaining to
the equipment.

b. Refer to DA Pam 750-10 to determine whether there are
modification work orders (MWOS) pertaining to the equipment.

1-3. Maintenance Forms, Repords, and Reports

Reports of Maintenance and Unsatisfactory Equipment.a. Department of the
Army forms and procedures used for equipment maintenance will be those prescribed
by DA Pam 738-750 as contained in Maintenance Management Update.

b. Report of Packaging and Handling Deficiencies. Fill out and forward SF
364 [Report of Discrepancy (ROD)] as prescribed in AR 735-11-2/DLAR
4140.55/NAVMATINST 4355.73B/AFR 400-54/MCO 44300.3H.

. Fill out and forward
Discrepancy in Shipment Report (DISREP) (SF 361) as prescribed in AR
55-38/NAVSUPlNST 4610.33C/AFR 75-18/MCO P4610.19D/DLAR 4500.15.

1-4. Destruction of Army Electronics Materiel

Destruction of Army electronics materiel to prevent enemy use shall be in
accordance with TM 750-244-2.
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1-5. Reporting Equipment Improvement Recommendations (EIR)

If your equipment needs improvement, let us know. Send us an EIR.
You, the user, are the only one who can tell us what you don’t like about
the design. Put in on an SF 368 (Quality Deficiency Report). Mail it
to Commander, US Army Communications-Electronics Command and Fort
Monmouth, ATTN: AMSEL-PA-MA-D, Fort Monmouth, New Jersey 07703-5000.
In either case a reply will be furnished direct to you.
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CHAPTER 2

FUNCTIONING OF EQUIPMENT

Section I.

2-1. Block

TRANSMITTER, RADIO T-983(P)/GRC-103(V), T-983A(P)/GRC-103(V)
AND T-983B(P)/GRC-103(V)

NOTE

A functional block diagram analysis of the complete
radio set is given in paragraph 6-1
12. This chapter refers to all uni
wise specified.

of TM 11-5820-540-
ts, unless other-

Diagram Analysis of Transmitter, Radio T-983(P)/GRC-103(V), T-983A(P)/
GRC-103(V) and T-983B(P)/GRC-103(V) (Fig. 2-1).

a. Transmitter, Radio T-983(P)/GRC-103(V), Transmitter, Radio T-983A(P)/GRC-
1O3(V) and Transmitter, Radio T-983B(P)/GRC-103(V) (transmitter fixed head) accept
baseband signals in the frequency range of 200 Hz to 1 MHz at the VIDEO connector
and order wire signals from 200 Hz to 4 kHz at the OW connector, both connectors are
located at the rear of Case, Transmitter CY-4637/GRC-103(V) or CY-4637A/GRC-103(V).
The two input signals are combined and amplified in amplifier-monitor 5TR1A5, and
then used to modulate the basic signal frequency generated in electrical frequency
synthesizer 5TR1A2 (synthesizer). The level of the incoming video signal can be ad-
justed by the INPUT control on the front of the transmitter fixed head before it is
fed into the amplifier-monitor. The amplifier-monitor attenuates the signal as re-
quired to insure that transmitter deviation remains constant as frequency multipli-
cation factors are changed during transmitter tuning. This is accomplished through
relays controlled by signals from Amplifier-Frequency Multiplier AM-4320/GRC-103(V),
AM-4320A/GRC-103(V) or AN-4320B/GRC-103(V) (Transmitter Rf Head) which are initiated
in control-indicator 6A3.

b. The crystal-controlled synthesizer generates the basic signal frequency in the
range of 47.5 to 72.5 MHz in steps of 125.0 kHz or 83.333 kHz, depending on the fre-
quency multiplication factor used (4 or 6 respectively). The synthesizer frequency
is selected by the control-indicator and becomes, after appropriate multiplication,
the final transmit frequency in the range of 220 to 405 MHz. The combined baseband
and order wire signal from amplifier-monitor 5TR1A5 modulates the basic signal fre-
quency to produce an fm signal in the range of 47.5 to 72.5 MHz at the output of the
synthesizer. The output of the synthesizer is fed to amplifier-frequency multiplier
5TR1A4 where it is doubled in frequency and amplified to produce a 3 watt (nominal)
output signal. The resulting 95 to 145 MHz rf signal is fed to the frequency multi-
plication circuits in the transmitter rf head.

c. A sample of the rf power at the output of the transmitter rf head is rectified
and supplied to alarm control 5TR1A3 which provides a warning when the rf signal po-
wer falls about 8 db below the nominal output power.
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Q. Power for all units in the transmitter fixed and rf heads is obtained from po-
wer supply 5TR1PS1 located in the transmitter fixed head. The power supply provides
unregulated dc power at 26 volts for operating alarms and control circuits; regulat-
ed dc power at 12 volts to operate the general electronic circuits; 630 volts dc un-            
regulated to operate radio frequency amplifier 6AR1 tubes; two supplies of 6.8 volts
dc unregulated for the heaters of the radio frequency amplifier tubes; a 400 Hz, 128
volt, square wave output to operate centrifugal fan 5A2B1 in the transmitter case;
and a 400 Hz, 26 volt square wave output for operation of alarm control 5TR1A3. The
power supply includes two constant-current regulators for the cathodes of the rf
amplifier tubes. It operates from a 115 volt, ac, 47 to 420 Hz source..

e. Metering facilities are provided in the transmitter for the 28 volt, 12 volt
and 630 volt supplies; for the output levels of synthesizer 5TR1A2 (OSC), amplifier-
frequency multiplier 5TR1A4 (DOUBLER), frequency-multiplier assembly 6A2 (MULT),
driver stage (DRIVER) and output (PWR OUT) of radio frequency amplifier 6AR1; for
the reflected rf power (REFL PWR); and for the frequency deviation in the three
modes of operation (12 CH PCM. 24 CH PCM and FDM). Alarm circuits (audible and
visible) are provided to indicate an out-of-lock condition of the afc loop used to
control the output frequency of the synthesizer (SYNC),
POWER) and failure of the air cooling system (OVERHEAT).

low rf output power (LOW

Figure 2-1. Transmitter, Radio T-983 (P)/GRC-103(V), T-983A (P)/GRC-103(V)
and T-9838(P)/GRC-103(V), Block Diagram.
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2-2. Amplifier-Monitor 5TR1A5

a. General. Amplifier-monitor 5TR1A5 consists of two separate printed circuit
boards, video amplifier 5TR1A5AR1 and video monitor 5TR1A5A1, both of which are
mounted in the same case. This signal path is shown in figure 2-2 and the overall
circuit diagram is shown in FO-4-39.

b. Block Diagram Analysis (Fig. 2-1).

(1) Video amplifier 5TR1A5AR1. The video input signal (12-channel pcm, 24-
channel pcm or fdm) from the INPUT level control is fed through a low-pass filter
having a gaussian shaped response of 3 db down at 567 kHz and 11 db down at 960 kHz.
The video output of the filter is added in a linear manner to the order wire signal
through a simple resistive network. The pcm video is not modulated with the order
wire signal; the peak voltage and the baseline vary simultaneously at the order wire
signal frequency. The combined video and order wire signal is then fed to a three-
stage video amplifier which has approximately 7 db gain. The output of the last
stage of this amplifier, an emitter-follower, is fed through a series of relay-
controlled attenuators to modulator-oscillator 5TR1A2A2 in the synthesizer. The re-
lays switch the three pi-type attenuators into the circuit, as required to adjust
the output signal in the proper proportion to the final signal multiplication fac-
tor; this is done to insure a constant transmitter deviation for the various multi-
plication factors. The attenuation, compared to the multiplication factor, is shown
below:

Multiplication
factor Attenuation

4
6
8
12
16

32

0 db Band I
3.5 db Band I
6.0 db Band II

9.5 db Band II and III
12.0 db Band III
15.5 db Band IV
18.0 db Band IV

24

(2) Video monitor 5TR1A5A1. A portion of the video amplifier output is fed to
video monitor 5TR1A5A1 for metering purposes. The input signal from video amplifier
5TR1A5AR1 is fed to two-stage amplifier Q1-Q2 of video monitor 5TR1A5A1. The output
from the second amplifier stage is fed to a temperature-compensated rectifier cir-
cuit where it is peak detected and fed to three calibrated metering points, which
have adjustable resistors for calibrating the meter indications at midscale for 24-
channel or 12-channel pcm or fdm signal levels. The meter common point is connected
to ground.

c. Circuit Diagram Analysis (FO-4-39).

(1) Video amplifier 5TR1A5AR1. The video or fdm signals are coupled through R1
to low-pass filter FL1. The filter attenuates the signals in a gaussian-shaped re-
sponse (3 db down at 567 kHz and 11 db down at 960 kHz). This frequency limiting is
required to reduce the transmitter rf bandwidth. The video signal at the output
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2-2. 

Amplifier-Monitor 
 
5TR1A5, 

Block 
Diagram
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of FL1 is fed through C1 to the base of Q1. Order wire signals are applied to the
junction of R2 and R3. R2 provides termination for FL1 and R3 terminates the order
wire input. The order wire signal is added to the video signal through R2 and then
through C1 to the base of Q1. The combined signal at the Q1 collector is coupled
through C3 to the base of Q2, and the amplified signal at the collector of Q2 is fed
directly to the base of emitter-follower Q3. Q1, Q2 and Q3 form a three-stage
amplifier which provides approximately 7 db gain. The signal at the Q3 emitter is
fed through C6 and R26, the gain control, through feedback circuit C4 and R13 to the
emitter of Q1. C4 extends the high frequency feedback; R26 adjusts the level of the
feedback signal. The signal at the output of C6 is also coupled to video monitor
5TR1A5A1, and through R15 to the input attenuator. The three pi-type attenuators
R16-R17-R18 (3.5 db), R19-R20-R21 (9 db) and R22-R23-R24 (6 db) are switched into
the circuit by remotely-controlled relays K1 K2 and K3 respectively. The change of
multiplication factor takes place with the interchange of transmitter rf heads. A
further change within each band occurs as the frequency is changed past the middle
of each band; this change is initiated by control line 13 from control-indicator 6A3
in the transmitter rf head. Relay operation is arranged to switch the attenuators
into the circuit as the relays are de-energized. This is done to insure that the
transmitter cannot be overmodualted in the event of a relay failure. The combined
video and order wire signal at the output of the attenuators is fed directly into
modulator-oscillator board 5TR1A2A2 of the synthesizer.

(2) Video monitor 5TR1A5A1. The second output of the emitter-follower Q3 of
video amplifier 5TR1A5AR1 is coupled through C1 and Q1 to the base of emitter-
follower Q2. L1, L2, L3 are parasitic oscillation suppressors. The Q2 emitter out-
put is coupled through C3 to rectifier CR2, CR3. C3 attenuates order wire signals
while passing video signals. CR1 provides temperature compensation for the recti-
fier. R7 and R1O are meter calibrating resistors in series with the 24-channel pcm
metering line. Similarly, R8 and R11 are in series with the 12-channel pcm meter-
ing, and R9 and R12 are in series with the fdm metering.
the Q1 emitter through voltage divider R4 and R5.

2-3. Electrical Frequency Synthesizer 5TR1A2 or 1RE1A2, Part No. SM-D-618945 (On Un-
lettered Model)

NOTE

The two models of modulator-oscillator 5TR1A2A2 or 1R-
E1A2A2 are distinguishable by part numbers CMC 456-260
and SM-D-865030. Except where specified otherwise,
this paragraph refers to both units.

a. General. Synthesizer 5TR1A2 or 1RE1A2 consists of a voltage controlled oscil-
lator (vco), whose output is fed through a variable divider (programmed counter) to
a comparator circuit, and a fixed, crystal-controlled oscillator, whose output is
fed through a fixed divider to the same comparator circuit. The comparator circuit
then controls the automatic frequency control voltage which in turn controls the vco
frequency. The counter is programmed by the code established within control-
indicator 6A3 or 2A2. Thus, the synthesizer output frequency can be selected by a
control-indicator 6A3 or 2A2 and referenced to a crystal oscillator at each selected
frequency. The synthesizer consists of the following nine printed circuit boards
and one interconnecting box (Part No. SM-D-618945):

Modulator-oscillator 5TR1A2A2 or 1RE1A2A2
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Amplifier-monitor
Frequency Divider
Digital Electronic

Divider-Counter
Digital Electronic Counter
Electrical Synchronizer
Signal Data Converter-

Storer
Frequency Divider
Rf Oscillator
Interconnecting Box

5TR1A2A3 or 1RE1A2A3
5TR1A2A4 or 1RE1A2A4
5TR1A2A5 or 1RE1A2A5

5TR1A2A6 or 1RE1A2A6
5TR1A2A7 or 1RE1A2A7
5TR1A2A8 or 1RE1A2A8

5TR1A2A9 or 1RE1A2A9
5TR1A2Y1 or 1RE1A2Y1
5TR1A2A1 or 1RE1A2A1

Synthesizer (Part No. SM-D-865030 A Model ) consists of the following eight circuit
boards and one interconnecting box:

Modulator-oscillator
Amplifier-monitor
Frequency divider
Digital electronic divider-

counter
Digital electronic counter
Electrical synchronizer
Signal data converter-storer
Rf oscillator
Interconnecting Box

5TR1A2A2 or 1RE1A2A2
5TR1A2A3 or 1RE1A2A3
5TR1A2A14 or 1RE1A2A14
5TR1A2A15 or 1RE1A2A15

5TR1A2A16 or 1RE1A2A16
5TR1A2A17 or 1RE1A2A17
5TR1A2A18 or 1RE1A2A18
5TR1A2Y11 or 1RE1A2Y11
5TR1A2A11 or 1RE1A2A11

NOTE

Electrical Frequency Synthesizer 5TR1A2 or 1RE1A2 will
be distinguished by lettered and unlettered models,
with different part numbers.

b. Block Diagram Analysis (FO-4-1, 4-2). Baseband signals from amplifier-monitor
5TR1A5 are applied through a sensitivity control to the modulation varactor in
modulator-oscillator 5TR1A2A2. (This modulation facility is not used when the unit
is mounted in a receiver. ) The synthesizer output signal is the selected channel
frequency in the range 47.5 to 72.5 MHz. Levels range from about +16 dbm at the
lowest frequency to about +12 dbm at the highest frequency. Output level of synthe-
sizer equipped with modulator-oscillator 1RE1A2A2 or 5TR1A2A2, part number CMC 220-
800159-000, ranges between +12.5 and +15.5 dbm.

(1) The voltage controlled oscillator (VCO) contained in modulator-oscillator
5TR1A2A2, operates in the frequency range of 47.5 to 72.5 MHz in frequency steps of
125.0 kHz or 83.333 kHz. Two varactors are used to provide precise, instantaneous
frequency control. One of the varactors causes frequency modulation of the output
signal in response to input baseband signals. The second varactor controls the vco
frequency in steps by the automatic frequency control voltage. In modulator-
oscillator 1RE1A2A2 or 5TR1A2A2, part number CMC 220-800159-000, two varactors are
used to control the vco frequency. A third varactor causes frequency modulation of
the rf signal. The output of the oscillator circuit is stabilized by capacitor C20,
amplified in a wideband amplifier and coupled, through a transformer and a metering
detector, directly to the output connector for connection to amplifier-frequency
multiplier 5TR1A4. A portion of the output signal is coupled through bandpass fil-
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ter FL1 to the high speed dividers, contained in frequency divider 5TR1A2A4, or 5TR-
1A2A14.

(2) The high-speed dividers are three stages of binary dividers, the first in a
chain of dividers, which are required to reduce the frequency of the vco to a range
of frequencies which can operate the programmed counters. The frequency at the out-
put of the high-speed dividers is the vco frequency divided by 8, (rf divided by 8),
in the range 5.94 to 9.06 MHz. The output of the high speed dividers is further di-
vided in a second group of three integrated microcircuit binary dividers, contained
in digital electronic divider-counter 5TR1A2A5. The output of this second group of
binary dividers is 0.742 to 1.13 MHz, (rf divided by 64). The rf signal at this
point is a 4 volt peak-to-peak square wave and is applied through gate A in electri-
cal synchronizer 5TR1A2A7 to the input stages of the programmed counter or to the
input stages of electrical synchronizer 5TR1A2A17.

(3) The reference oscillator crystal frequency is 2.0 MHz; the reference oscil-
lator is part of rf oscillator 5TR1A2Y1 (part of unlettered model). This frequency
is divided by 1.0 MHz before being applied to a NOR gate, which is used to control
the further division of the reference frequency. The 1.0 MHz is further divided by
2 or 3 depending on the absence or presence of control line 13. The output frequen-
cy of the reference oscillator, effectively 500 kHz or 333 kHz is then divided by a
factor of 2,048 in an n-stage reference binary divide frequency divider 5TR1A2A9.
The output of the reference divider circuit, a 4 volt peak-to-peak square wave at
244.14 Hz (divide-by-2 operation) or 162.5 Hz (divide-by-3 operation), is fed to the
clock pulse generator circuit of electrical synchronizer 5TR1A2A7.

(4) The reference oscillator, part of rf oscillator 5TR1A2Y11, (part of A mo-
del) provides a crystal-controlled frequency of 16 MHz. The output of the crystal
oscillator is then applied to a group of four binary dividers. The resultant 1.0
MHz signal is then applied to a circuit which performs a divide-by-two or divide-by-
three function depending on the presence or absence of a code on control line 13.
The output frequency of the divider circuit, a 500 kHz or 333 kHz square wave is
further divided by a factor of 64 (in a six-stage binary divider) before it is
applied to electrical synchronizer board 5TR1A2A17. The signal at this point is
either a 7.82 kHz (divide-by-two) or 5.16 kHz (divide-by-three) 4 volt, peak-to-peak
square wave.

(5) The clock pulse generator circuit (unlettered model ) produces clock pulses
A, B, C and D to control the counters and the error pulse generator. Clock pulse B
establishes the start count and end count moments. The end count moment is the re-
ference time to which the full count is compared to produce error pulses. Clock
pulse A gates the divider rf signal to the counter through gate A, permitting it to
start counting at the start count moment. Clock pulse C is a reset function clear-
ing (set to zero state) all counters, including the full count store prior to the
start count moment. Clock pulse D is the preset function occurring immediately
after clock pulse C. It sets the selected counter stages to one prior to the start
count moment.

(6) In the electrical synchronizer 5TR1A2A17 (A model), the output frequency of
the reference oscillator is further divided in a nine-stage binary divider (divided
by 512). The last four binary dividers are part of the clock pulse generator cir-
cuit. The clock pulse generator circuit produces the four pulses which control the
counters and the error pulse generator circuits. Clock pulse A gates the divided rf
signal to the counter through a NAND gate at the start count moment. Clock pulse B
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establishes the start and end count moments. Clock pulse C is applied to the clear
direct (CD) input of all counters, including the full count store. Clock pulses D,
occuring immediately after clock pulse C, is applied, either directly or through an
AND gate, to the set direct (SD) input of all counter stages and sets the selected
(programmed) counter stages prior to the start count moment.

(7) The programmed counter (unlettered model) consists of 16 stages of binary
dividers of which 10 are programmed by control lines 3 to 12 from control-indicator
6A3. The other six stages are not programmed and are always preset to one by clock
pulse A (first binary stage) or clock pulse D (binaries 2 - 6 inclusive). The first
binary divider (not programmed) is contained in electrical synchronizer 5TR1A2A7;
digital electronic counter 5TR1A2A6 contains nine binary dividers (both programmed
and not programmed) and the remaining six programmed dividers are in digital elec-
tronic divider-counter 5TR1A2A5. The counter counts the frequency of the incoming
signal, indicating a full count when all 16 binary outputs are in the one state.
This state is sensed by a 16-input gate which generates a full count (-1) pulse to
be applied to the error pulse generator. The function of the error pulse generator
is to sense the full-count pulse and compare it to the end-count moment, generating
a low-count or high-count error pulse if out of synchronization. The low- or high-
count error pulses are fed into an error pulse integrator circuit (signal data
converter-storer 5TR1A2A8) where they are converted to a dc voltage. This dc vol-
tage is then applied to the vco as an automatic frequency control voltage. This
voltage varies from about 2 volts at the 47.5 MHz end of the range to about 9 volts
at the 72.5 MHz end of the range. In synthesizers equipped with modulator-
oscillator 5TR1A2A2 or 1RE1A2A2, part number CMC 220-800159-000, the automatic fre-
quency control voltage ranges between 4 and 8 volts approximately. The SYNC alarm
circuit of amplifier-monitor 5TR1A2A3 operates the alarm relay if this voltage
drifts outside these limits. The alarm relay circuits also operate in the absence
of clock pulse D.

(8) In electrical synchronizer 5TR1A2A17 (A model), the next seven binary
stages are contained in digital electronic counter 5TR1A2A16 and the remaining eight
stages are contained in digital electronic divider-counter 5TR1A2A15. The 16-stages
counter counts the frequency of the incoming signal, indicating a full count when
all 16 binary outputs are in the high state. This state is sensed by a gate which,
in turn, generates a full count (-1) pulse. The error pulse generator in electrical
synchronizer 5TR1A2A17 (A model) senses the full count (-1) pulses and compares it
(in time) to the end count moment. If the full count moment occurs (in time) after
or before the end count moment (as determined by clock pulse B), a low count or high
count error pulse, respectively, is generated. The low or high count error pulses
are fed into an error pulse integrator circuit (signal data converter-storer 5TRlA2-
A18), where they are converted to a dc voltage which, in turn, is applied to the vco
as an automatic frequency control (aft) voltage. The afc voltage determines the
output frequency of the VCO. The afc
proximately 4 volts; an afc voltage of
put frequency of 72.5 MHz.

(9) The SYNC alarm circuit of ampl
lay if the afc voltage drifts outside
cuits also operate in the absence of cl
further division.

voltage for a vco output of 47.5 MHz is ap-
approximately 8 volts is required for an out-

ifier monitor 5TR1A2A3 operates an alarm re-
the 4 to 8 volt limit. The alarm relay cir-
ock pulse D, 5TR1A2A7 or 1RE1A2A7 for gating
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2-4. Modulator-Oscillator 5TR1A2A2 or 1RE1A2A2

a. Part No. CMC 456-260.

(1) General. This unit is one of the printed circuit board components of syn-
thesizer 1RE1A2 or 5TR1A2. It operates as a voltage controlled oscillator (vCO) in
the frequency range of 47.5 to 72.5 MHz. The main frequency control, the automatic
frequency control (aft) voltage, controls the vco frequency in discrete steps
through frequency controlling circuits on other printed circuit boards in the syn-
thesizer. These frequency controlling circuits are in turn controlled by the fre-
quency code in the channel selector, and are referenced to a crystal oscillator. A
second frequency controlling voltage, the modulation signal, is used to frequency
modulate the output signal when the synthesizer is mounted in a transmitter. This
facility is not used when the synthesizer is mounted in a receiver.

(2) Block diagram analysis (Fig. 2-3).

(a) The basic oscillator is a modified Hartley circuit having two varactors
acting as capacitors in the parallel resonant circuit. The automatic frequency con-
trol voltage from amplifier-monitor 5TR1A2A3, in the range of 2 to 9 volts, controls
the capacity of one of the varactors over its required range. The ac modulating
voltages from amplifier-monitor 5TR1A5 control the capacity of the second varactor
over its required range, the modulating signal level depending upon the type of mul-
tiplex system in use. Modulation signals are attenuated within amplifier-monitor
5TR1A5 to maintain transmitter output frequency deviation constant as themultipli-
cation factor is changed. The two varactor capacitors then resonate with a variable
coil which is tapped to provide a feedback signal to the base of the oscillator
transistor. The afc feedback loop can be open during set-up for test and adjustment
purposes.

(b) The oscillator output is amplified in a two-stage amplifier which employs
feedback to extend the frequency response over the frequency range. A broadband
matching transformer at the amplifier output feeds the signal to bandpass filter
5TR1A2A1A1FL1 on the synthesizer interconnecting board, one portion going directly
to the output connector, and the other portion going to the frequency comparison
circuits to generate the afc voltage. A variable capacitor at the amplifier adjusts
the level of the output signal over the frequency range. A portion of the output
signal is rectified to provide metering of the output level. The output frequency,
in the range of 47.5 to 72.5 MHz, is in steps of 1230.0 kHz over a portion of the

Figure 2-3. Modulator-Osci llator 5TR1A2A2 or 1RE1A2A2
(Part No. CMC 456-260), Block Diagram.
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band and in steps of 83.333 kHz over the remainder. The frequency steps are related
to multiplication factors of four and six respectively. The level of output level
of the signal varies from +16 dbm at the 47.5 MHz end of the frequency range to +12
dbm at the 72.5 MHz end.

(3) Circuit diagram analysis (FO-4-5). Q1 is the oscillator transistor. The
feed back signal is coupled from the collector through C8 and L2 to L3, and from a
tap on L3 through C9 back to the base of Q1. The tuned circuit consists of L3, CR2
and CR3. C4 and C5 are dc blocking capacitors and L1 is an rf block to prevent loss
of the modulator signal on the power supply line. CR2 is the modulation varactor
and CR3 is the afc varactor. VARICAP TUNE coil L3 is adjusted during alinement to
tune the circuit at each end of the range, with a test voltage applied to the afc
varactor.

(a) Afc voltage is fed from pin 5 to J2 through TEST-NORMAL switch S1, R1O,
and L3 to CR3. TEST-NORMAL switch S1 is a maintenance provision to permit the afc
feedback loop to be broken during alinement. Setting this switch to the TEST posi-
tion applies a test voltage to the afc varactor in place of the normal afc voltage.
The value of the test voltage can be varied by MANUAL FREQUENCY CONTROL resistor
R4.

(b) Modulation is fed from pin 12 of J2 through MODULATION SENSITIVITY resis-
tor R9 and then through C3 to L1 to CR2. Fixed bias for CR2 is established at the
junction of R1 and R2, and applied to CR2 through MODULATION COMPENSATION control
R6. The capacity of CR2, the modulation varactor, acts as a trimmer capacitor in
parallel with CR3 capacity and provides a modulation frequency shift to the oscil-
lator circuit which offsets the non-linear reaction of CR3 over the frequency range.
As the frequency is increased across the rf range, the voltage on CR3 is increased,
decreasing its capacity.

(c) Modulation varactor CR2, having fixed bias, and therefore fixed capacity
across the range, assumes a larger percentage of the total tuned circuit capacity at
the top end of the range. The capacity variation that results from the modulating
signal then provides a fixed capacity swing over the entire range, resulting in a
linear modulation sensitivity. The value of the fixed bias on the modulation varac-
tor is adjusted by modulation compensation control R6, to insure correct modulation
linearity over the tuning range. The level of the modulating signal applied to the
varactor is adjusted by modulation sensitivity control R9.

(d) At the bottom end of the frequency range, the afc varactor CR3 capacity
change per volt tends to become more sensitive, resulting in a non-linear frequency
shift with afc voltage change. To counteract this effect, diode CR1 is connected
between the afc input voltage and a fixed bias point. Thus, as the afc approaches
the 2 volt end of the range, a small amount of voltage is fed through the diode to
the afc line trying to pull the vco off frequency. This tendency is sensed in the
normal afc loop as a frequency error and results in a more negative afc feedback
voltage, resulting in a linear afc control at the low end of the frequency range.
RT1 insures that this extra afc voltage is not bled off through CR1.

(e) The oscillator output signal is coupled through coupling capacitor C13 to
the base of Q2. From the Q2 collector the signal is directly coupled to the Q3
base, and from the Q3 collector to matching transformer T1. Negative feedback is
coupled from the Q3 emitter to the Q2 base to extend the frequency response of the
amplifier. A portion of the output signal is fed through C17 to CR4, where it is
rectified to produce a dc metering signal.

2-10
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b. Part No. CMC 220-800159-000.

(1) General. This unit functions identically with that of modulator-oscillator
5TR1A2A2 or 1RE1A2A2, part No. CMC 456-260. This unit has been redesigned to give
better modulation sensitivity linearity, a reduction in output level variation and
improved interchangeability.

(2) Block diagram analysis (Fig. 2-4).

(a) The basic oscillator is a modified Hartley circuit. Two varactor diodes
in the oscillator tuned circuit provide the rf changing function. An afc voltage,
which is a function of the vco output frequency, is fed to the afc varactor from
amplifier-monitor 5TR1A5. This dc voltage ranges from 4 to 8 volts and varies the
capacity of the afc varactor to produce frequencies from 47.5 to 72.5 MHz. An ac
modulating voltage from amplifier-monitor 5TR1A5 is amplified in the baseband ampli-
fier and applied to the modulation varactor. The capacity of the modulation varac-
tor varies with the modulating voltage and results in frequency modulation of the
oscillator signal. The bias network is adjusted to provide linear modulation sensi-
tivity across the operating frequency band.

(b) The oscillator output is amplified in a broadband amplifier having a high
impedance input and push-pull output. The impedance matching transformer is requir-
ed for proper matching of the modulator-oscillator to amplifier-frequency multiplier
5TR1A4. The output attenuator is also required for impedance matching and provides
a load for the output transistors. A portion of the output rf signal is rectified
to provide metering of the output level which varies from +12.5 dbm to +15.5 dbm.

(3) Circuit diagram analysis (FO-4-6).

(a) The oscillator transistor is Q1. The feedback signal is coupled from the
collector through C5, L2 and C6 to Q1 emitter. The tuned circuit consists of CR2,
CR4, L2 and C1O. The capacitance of varactor diode CR2 changes as the afc voltage

Figure 2-4.  Modulator-Oscillator 5TR1A2A2 or 1RE1A2A2

(Part No. CMC 220-800159-000), Block Diagram. 2-11
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changes. The oscillator operating frequency ranges from 47.5 to 72.5 MHz as the afc
voltage changes from +4 to +8 volts. Capacitor C1O presents a low impedance to
modulating signals and a high impedance to circulating rf signals. Biasing for CR2A
and CR2B is designed to produce constant modulation sensitivity as rf is changed.
Bias is applied to CR2A through R2, R3, R1O and R12. Bias for CR2B is applied
through R2, R3, R4 and L4. Inductors L1 L3, L4 and L5 present a high impedance to
the rf signal.

(b) Resistor R6 controls the level of modulating signals applied to the base
of baseband amplifier .Q2, thus setting the required peak fm deviation. Resistors
R11 and R13 are bias resistors. Diode CR8 and resistor R32 provide a clamping vol-
tage and spurious signal rejection for Q2 collector. Diode CR1 and resistor R9 per-
form a similar function for Q1 collector. Resistor R37 and diode CR1O limit the
frequency of operation at the lower afc voltage range to 41 MHz. This action pre-
vents the synthesizer from locking on to a false loop.

(c) Transistors Q3, Q4, Q5 and Q6 make up the broadband amplifier. Transis-
tor Q3 is a N-channel field effect transistor (FET) which has a high input impedance
to prevent loading the oscillator tuned circuit. Emitter follower Q4 provides a low
source impedance to drive the low impedance output transistor. Transformer T1 phase
inverts the input signal to output transistor Q6. Under large signal conditions,
each output transistor conducts at different parts of an input cycle. Transistors
Q5 and Q6 are arranged in a push-pull configuration to improve the broadband noise.
Transformer T2 phase inverts the output signal from Q6. Transformer T3 presents the
correct impedance to the input of the next subassembly 5TR1A4. Resistors R34, R35
and R36 form a 2 db, pi-type attenuator to improve the output vswr, reduce the
effect of output impedance variation and decrease the absolute level of broadband
noise at the output. It also provides a load for the output transistors when the
synthesizer output is open-circuit. The output power level is adjustable by R25
which varies the base potential and consequently the collector voltage of Q5 and Q6.
A portion of the output power is detected in CR6, R29, CR7, R30 and C30 to provide a
meter indication of output power. All decoupling of transistor stages is provided
by the 0.1 uf capacitors. Capacitors C4 and C33 prevent spurious signals from
appearing on the power supply lines. Inductors L6, L7, L8 and L9 improve the output
impedance from 47.5 to 60  MHz. Resistor R26 and diodes C21 and CR5 stabilize any
power supply variations:

2-5. Rf Dividers, Functional Analysis

The frequency of the signal fed to the programmed counter must be approximately 1
MHz to provide the required frequency resolution with the counter. The signal fed
to the programmed counter is derived from modulator-oscillator 5TR1A2A2 output fre-
quency (rf output in the range of 47.5 to 72.5 MHz) by frequency division accom-
plished in six stages of binary dividers (FO-4-1). These high speed dividers are
mounted, together with a two-stage broadband amplifier, on frequency divider 5TR1A-
2A4 or 1RE1A2A4. The final three stages of division take place in microcircuit (in-
tegrated) binary dividers, which are mounted on digital electronic divider-counter
5TR1A2A5 or 1RE1A2A5. The output of the divider chain (rf divided by 64) is a
square wave signal at 4 volts peak-to-peak in the frequency range of 0.7 to 1.13
MHz, which is then fed to electrical synthesizer 5TR1A2A7 or 1RE1A2A7 for gating and
further division.

2-12
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2-6. Frequency Divider

a. Model No. 5TR1A2A4 or 1RE1A2A4.

(1) General. Part of the output signal of the modulator-oscillator (rf output)
is coupled through splitter filter 5TR1A2A1FL1 or 1RE1A2A1FL1 to the input of fre-
quency divider 5TR1A2A4 or 1RE1A2A4. The filter prevents harmonics generated in the
high speed dividers being fed back to amplifier-frequency multiplier 5TR1A4 or 1RE1-
A5.

(2) Block diagram analysis (Fig. 2-5). A low level sample of the rf output is
first amplified in a two-stage broadband amplifier. The amplifier output is then
coupled to the first bistable multivibrator. The negative-going transition of each
cycle of input signal causes the multivibrator to switch to one side; the next
negative-going transition of input signal causes the multivibrator to switch to the
other side. Positive-going transitions cannot initiate the switching action since
they are not high enough to override the negative voltage which is holding the tran-
sistor off. The multivibrator circuit is temperature-compensated to insure reliable
switching over the temperature range of -40 degrees C to +80 degrees C. The output
of the multi vibrator, a square wave at half the frequency of the input signal, is
then fed through a single stage buffer amplifier to the next bistable multivibrator
circuit. The second and third multivibrator circuits are identical to the first; a
single stage buffer amplifier couples the signal between the second and third divi-
der. The output of the third divider circuit is coupled to the output connector
through a third single stage buffer amplifier. The output signal (rf divided by 8)

EL5REO05

Figure 2-5. Frequency Divider 5TR1A2A4 or 1RE1A2A4
(Unlettered Model), Block Diagram.
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is then fed to the next three dividers of the divider chain which are located on di-
gital electronic divider-counter 5TR1A2A5 or 1RE1A2A5.

(3) Circuit diagram analysis (FO-4-7). The input signal at J3 pin 15, in the
range of 47.5 to 72.5 MHz is fed through a 5.6 pf capacitor to the base of Q1 the
first stage of the broadband amplifier. The coupling capacitor has a small value to
prevent loading of modulator-oscillator 5TR1A2A2 or 1RE1A2A2 output.

(a) Q1 output is coupled to Q2 base through C2. CR1 in the base circuit of
Q2 provides base over-voltage protection by limiting the negative voltage swing.
The amplifier output is then coupled from a common feed point to the bases of both
sides of bistable multivibrator, Q3 and Q4.

(b) The signal at the Q2 collector is fed through C4, R8, L1 and C5 to the Q4
base, and through C4, R13, L2 and C6 to the Q3 base. The negative transition of the
signal will tend to lower the base voltage of Q3 and Q4. If Q4 is conducting, the
Q3 base will be near ground potential; the negative voltage will not affect it. The
Q4 base, however, will drop, causing its collector and the Q3 base to rise, result-
ing in a reversal of the conducting states of Q3 and Q4. The next negative swing of
input signal will then reverse the states again, resulting in an output signal at
the Q4 collector at half the frequency of the input signal. L1 L2, C5 and C6 speed
up the switching action of the multivibrator.

(c) As the surrounding temperature increases, the current of a transistor in-
creases; therefore, less collector voltage is required to saturate a transistor at a
higher temperature. Overdriving the transistors would cause a recovery delay, re-
sulting in unreliable dividing action at high temperatures. To overcome this, the
collector voltage of Q3 and Q4 is fed through thermistor R11, which has a positive
temperature coefficient to increase resistance and lower the collector voltage at
high temperatures. TEMP COMP control R1O is used to adjust the collector voltage at
the temperature extremes to insure reliable counting.

(d) The output from the Q4 collector is fed through C7 to the base of buffer
amplifier Q5. Output from Q5 is then fed through C8 to Q6 and Q7, the second divi-
der. This divider operates exactly like the first divider, Q3 and Q4. Similarly,
this divider is followed by buffer amplifier Q8, feeding the third divider Q9, and
Q1O. Q11 is a third buffer amplifier whose output is connected directly to pin 1 on
J3.

(e) The output signal , a 4 v peak-to-peak square wave in the frequency range
of 5.9375 to 9.0625 MHz, is then fed through J3 pin 1 and J5 pin 1 of the intercon-
necting box to digital electronic divider-counter 5TR1A2A5 or 1RE1A2A5 for further
division (para 2-12a).

(f) Test points TP1 (ground) and TP2, TP3 and TP4 permit the monitoring of
input signals to each of the high speed dividers.

b. Model No. 5TR1A2A14 or 1RE1A2A14 (A Model).

2-14

(1) General. Modulator-oscillator 5TR1A2A2 output frequency (in the range of
47.5 to 72.5 MHz) is divided in six stages of binary dividers to a frequency in the
range of 0.742 to 1.133 MHz; this process provides the required frequency resolution
within the programmed counter. The six binaries are mounted, together with a band-
pass filter and harmonic rejection circuits, on frequency divider board 5TR1A2A12 or
1RE1A2A14.
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(2) Block diagram analysis (Fig. 2-6). A sample of the rf output from the
modulator-oscillator is fed through a low-frequency rejection circuitry to a tunable
bandpass filter section, then to a harmonic suppression section; these circuits pro-
vide a minimum of 90 db rejection at 30 MHz (if frequency). The output of the fil-
ter is fed into a string of six binary dividers and the output signal (rf divided by
64) is then fed to electrical synchronizer 5TR1A2A17 or 1RE1A2A17.

(3) Circuit diagram analysis (FO-4-8). The input signal at J3 pin 15, in the
range of 47.5 to 72.5 MHz, is fed through C1 to the base of Q1. L1 matches input to
output of the vco. The output of the Q1 is fed through a tunable bandpass filter to
the emitter of Q2. L4 tunes the bandpass filter circuitry for amplifier frequency
response from 45 - 75 MHz. R1O is a stabilizing resistor, preventing parasitic os-
cillations. Q2 and Q3 provide 55 db rejection of the 30 MHz signal. Q3 amplifies
and squares the analog rf signal so as to drive the first divider. The overall re-
jection of the filter is in excess of 90 db. The filter output is fed into the CP
input of binary A3A, one half of a dual pack Schottky J-K flipflop. The Q outputs
of the first three binaries are fed to the CP input of the following binary. The Q
outputs of A2A and A1B are fed to the CP input of the following binary. The Q out-
put of A1A (rf divided by 64) is connected to J3 pin 4 and fed to electrical syn-
chronizer boards. A2B and A2A are high power dual pack J-K flipflops. A1B and A1A
are standard dual pack J-K flipflops. The first 4 binaries use negative-edge trig-
ger, A1B and A1A positive-edge trigger. The J, SD and CD inputs of all binaries are
connected to the +5 v line. The K inputs on the first 4 binaries are also connected
to +5 v. The K inputs of A1B and A1A are connected to ground. L7, L9, R16, C11,
C12 and C16 filter the 11.5 vdc line; L8, R17, C13, C14, C15 filter the +5 vdc line.

2-7. Rf Oscillator

a. Model No. 5TR1A2Y1 or 1RE1A2Y1.

(1) General . This unit provides the basic crystal-controlled frequency to
which each selected synthesizer output frequency is referenced. Clock pulses that
control the programmed counters in the synthesizer are derived from this basic
crystal-controlled reference frequency by frequency division.

EL5RE006

Figure 2-6. Frequency Divider 5TR1A2A14 or 1RE1A2A14
(A Model), Block Diagram.
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(a) It is necessary for the clock pulses to have a very low repetition rate,
in order that the modulator-oscillator 5TR1A2A2 or 1RE1A2A2 rf output can be fre-
quency modulated while still being controlled by the programmed counter. The first
division in the clock pulse generating chain takes place within rf oscillator board
5TR1A2Y1 or 1RE1A2Y1.

(b) The output frequency steps of the synthesizer are changed as the overall
frequency-multiplication factor is changed in the middle of the band. This is ac-
complished by changing the division factor (divide-by-2 or divide-by-3 function)
within the reference oscillator unit, thus changing the widths of the clock pulses.
The divide-by-2 to divide-by-3 change-over is initiated by control line 13 from
control-indicator 6A3 or 2A2.

(2) Block diagram analysis (Fig . 2-7 and 2-8). The basic oscillator circuit
consists of a three-transitor amplifier with a 2.0 MHz crystal
feedback loop. An adjustable coil, in series with the crystal, provides adjustment
of the crystal frequency over a narrow range. A temperature-compensating circuit
consisting of a varactor in series with the crystal and two thermistors, keeps the
basic crystal frequency free from drifting over a temperature range of -30°C to
+75°C. The output of the oscillator section is a 2.0 MHz signal at about 4 volts
peak-to-peak. This signal is fed to the toggle input of microcircuit binary divider
A1; the binary divider outputs, 1 MHz square waves, 4 volts peak-to-peak each, are
in antiphase. The two antiphase 1 MHz signals are fed one to each half of dual NOR
gate microcircuit AZ. One of the two NOR gates inverts the input signal, which is
then applied to the toggle input of microcircuit binary divider A3. The other half
of NOR gate A2 is held inactive during the divide-by-2 operation.

(a) Divide-by-2 operation (Fig. 2-7). The 1.0 MHz square wave signal applied
to the toggle input of binary A3 is divided by a factor of two. The 500 kHz square
wave output is then applied simultaneously to binary A4 (inactive during the divide-
by-2 operation) and to one half of NOR gate A5; the second input to NOR gate A5 is
inactive during the divide-by-2 operation. The output of NOR gate A5, during the
divide-by-2 operation, is a 500 kHz square wave, 4 volts peak-to-peak.

Figure 2-7. Rf Oscillator 5TR1A2Y1 or 1RE1A2Y1,
Divide-By-Two Function, Block Diagram.
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(b) Divide-by-3 operation (Fig. 2-8). The divide-by-3 operation is initiated
by control line 13 of control-indicator 6A3 or 2A2 when set for channels 180 and
above. For channels 180 and above, control line 13 is supplied with a positive vol-
tage; for channels 179 and lower, control line 13 is grounded. The positive voltage
supplied on control line 13 is first amplified in a two-stage amplifier after which
it is applied to the input of binary divider A4, activating it. The toggle input to
binary A4 is the 500 kHz output of binary divider A3 ((1) above). The output of
binary A4 is a 250 kHz signal which is then fed as the other input to the second
half of NOR gate A2; the first input being the 1.0 MHz output of the binary A1. The
1.0 MHz signal gated by 250 kHz at the output of NOR gate AZ is then applied to the
reset input of binary A3. The output of binary A3 in the divide-by-3 operation is a
500 kHz signal gated by 1.0 MHz; this signal is fed simultaneously to the toggle in-
put of binary A4 and to one half of dual NOR gate A5. The second output of binary
A4 (activated in the divide-by-3 operation) is also fed to NOR gate A5, where it
gates the output of binary A3. The output of NOR gate A5 is a positive pulse 2
microseconds long followed by a negative pulse 1 microsecond long, which is effec-
tively a 333 kHz signal.

(3) Detailed circuit analysis (FO-4-18). Transistors Q1, Q2 and Q3 forma 2
MHz crystal-controlled oscillator. Feedback is coupled from the Q3 emitter through
Y1, R6, L2, L1, CR1 and C1 to the base of Q1. The frequency adjustment control, L1,
provides crystal frequency trimming at normal room temperature. Varactor CR1 is
used to provide temperature compensation control of the crystal frequency over the
operating temperature range of -30°C to +75°C, since the crystal frequency would
tend to drift by about 40 Hz at the temperature extremes. The low temperature con-
trol, R2, is used to adjust the CR1 bias to provide an exact crystal frequency at
-30°C. The high temperature control, R1, is used to adjust the bias applied through
thermistor R3 to CR1 at +75°C, to pull the crystal frequency to exactly 2.0 MHz at
that temperature.

(a) The oscillator output signal is coupled through C4 to pin 10 (toggle in-
put) of binary divider A1. The outputs at pins 8 and 3 are two antiphase 1.0 MHz
square wave signals at 4 volts peak-to-peak. The output at pin 8 of A1 is connected

Figure 2-8. Rf Oscillator 5TR1A2Y1 or 1RE1A2Y1,
Divide-By-Three Function, Block Diagram.
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to pin 9 of dual NCR gate A2
A2, one of the inputs of the
tage on pin 5 during the divi

and the signal at pin 3 of A1 is connected to pin 3 of
second NOR gate A2, which is cut off by a negative vol-
de-by-2 operation.

(b) The output from pin 10 of A2 is connected to the toggle input, pin 10, of
binary divider A3.’ The output of divider A3 at pin 8 is a 500 kHz square wave sig-
nal at 4 volts peak-to-peak, which is then fed simultaneously to pin 3 of dual NOR
gate A5 and to the toggle input of binary divider A4, held inactive during the
divide-by-2 operation. The input at pin 4 of NOR gate A5 is a positive voltage
(output of binary A4, pin 3). The output of NOR gate A5, a 500 MHz square wave from
pin 2, is then connected directly to J1O, pin 7, and on to the reference dividers on
frequency divider 5TR1A2A9 or 1RE1A2A9.

(c) The divide-by-3 function is initiated when line 13 of control-indicator
6A3 or 2A2, connected to J1O pin 8, has
connected through R18 to the base of Q5.
of Q4. The Q4 collector is connected to
ing it active.

(d) The output at pin 8 of binary

a positive voltage on it. This voltage is
The Q5 collector is connected to the base
set input, pin 7 of binary divider A4, mak-

A4 is fed into pin 5 of NOR gate A2 and is
gating the 1.0 MHz square wave. The output at pin 2 of NOR gate A2 is a 0.5 micro-
second pulse which is then fed into pin 4 of binary A3 and gates the 1.0 MHz trigger
pulse arriving at pin 10 of A3. The result at pin 8 is a 1.0 MHz square wave fol-
lowed by a 500 kHz square wave, giving the equivalent of a 3 microsecond square
wave. This output is applied to pin 10 of binary A4, causing it to change state on
the down clock. The binary A4 outputs at pins 3 and 8 are antiphase 333 kHz asymme-
trical square waves. The output at pin 8 of A4 is fed into NOR gate A2 pin 5, where
it is gated by the 1.0 MHz square wave arriving at pin 3. The output at pin 3 of
binary A4 is fed to pin 4 of NOR gate A5, where it gates the 1.0 MHz square wave,
followed by the 500 kHz square wave output fed into pin 8 of binary A3. The output
at pin 2 of NOR gate A5 is an asymmetrical 333 kHz square wave. Binaries A3 and A4
as described above form a scale-of-three divider. The square wave is positive for 2
microseconds and negative for 1 microsecond. The output from pin 2 of A5 is con-
nected through J1O pin 7 and J9 pin 7 to frequency divider 5TR1A2A9 or 1RE1A2A9.

b. Model No. 5TR1A2Y11 or 1RE1A2Y11 (A Model).

(1) General . This unit provides the basic crystal-controlled frequency to
which each selected synthesizer output frequency is referenced. Clock pulses, that
control the counter in the synthesizer, are derived from the basic crystal-
controlled reference frequency by frequency division.

(a) It is necessary for the clock pulse to have a very low repetition rate so
that modulator-oscillator 5TR1A2A2 or 1RE1A2A2 rf output can be frequency-modulated
while still being controlled by the program counter. The first division in the
clock pulse generating chain takes place within rf oscillator board 5TR1A2Y11 or 1R-
E1A2Y11.

(b) The output frequency-steps of the synthesizer are changed as the overall
frequency multiplication factor is changed in the middle of the band. This is ac-
complished by changing the division factor (divide-by-2 or divide-by-3 function)
within the reference oscillator unit, thus changing the widths (time) of the clock
pulses. The divide-by-2 to divide-by-3 changeover is initiated by a code on control
line 13 from control-indicator 6A3 or 2A2. The changeover point (transmitter) oc-
curs between channels 179 (divide-by-two) and 180 (divide-by-three).
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(2) Block diagram analysis (Fig. 2-9). The rf oscillator board consists of a
crystal-controlled oscillator operating at 16 MHz, followed by a divider chain. The
crystal is housed in a temperature-controlled oven, at a constant temperature of
115°C±6°C. Over this temperature range, the crystal stability is 4 parts per mil-
lion (PPM). The crystal frequency itself can be adjusted over a narrow range
(approximately 130 PPM) thus compensating for aging and differences between, crys-
tals. The 16 MHZ square wave is then divided in a group of four binary dividers;
the first two binaries of this divider chain, are high speed flipflops, the next two
are low power flipflops. The resulting 1 MHz square wave, 2 volts peak-to-peak, iS
fed into the divide-by-2 or divide-by-3 circuits; the 500 kHz (channels below 179)
or the 333 kHz (channels 180 and above) square wave output is further divided in a
six-stage binary divider before it is fed into electrical synchronizer 5TR1A2A17 or
1RE1A2A17.

(3) Detailed circuit analysis (FO-4-19). Transistors Q1 and Q2, together with
crystal Y1, form a 16 MHz crystal-controlled Butler oscillator. The Klixon oven
which houses the crystal insures a constant operating temperature within 6°C, cen-
tered about 115°C. Series capacitor C5 compensates for the setting and aging toler-
ance of the crystal, and R7 insures correct drive to the crystal.

(a) The oscillator output is fed to the base of Q3, which converts the oscil-
lator output into a square wave, approximately 4 volts peak-to-peak. Q3 output is
connected through test link WT1-WT2 to the clock pulse (CP) input of binary divider
A6A, A6A and A6B are high speed flipflops using negative-edge triggering. A4B and
A4A binaries are low power flipflops and use positive edge triggering.

(b) The 1 MHz output of binary A4A is fed simultaneously to the CP inputs of
binaries A2A and A2B, A2A and A2B, together with gate A7D, form the divide-by-two or
divide-by-three circuit. In the divide-by-two mode, control line 13 at pin 9 is
ground, switching transistor Q4 is cut off, and a High (H) is applied to the inputs
of NAND gate A7C. The resulting Low (L) applied to NAND gate A7D insures that pin J
of A2A is always H. The 1 MHz square wave applied to A2A is divided in the normal
manner, and the 500 kHz output at the Q output of A2A is then divided by six binary
dividers. The Q output of binary A5B is fed through A7A (for increased current-
carrying capacity) and the 7.8125 kHz, 4 volt peak-to-peak square wave is applied
through pin 13 to electrical synchronizer 5TR1A2A17 or 1RE1A2A17.

(c) The divide-by-3 function is initiated when line 13 from control indicator
6A3 or 2A2, at pin 9, has a positive voltage on it. This voltage is applied through
R14 to the base of switching transistor Q4 which is now conducting. The collector

Figure 2-9. Rf Oscillator 5TR1A2Y11 or 1RE1A2Y11,
Block Diagram.
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output (L) is inverted in A7C which in turn holds one input of A7D at H. The other
input to A7D is the Q output of binary A2B. The output of A7D, alternately H and L,
now gates binary A2A. The Q output, an asymmetrical square wave with an up-clock
occurring every 3 microseconds (333 kHz), is then fed to the same group of six bi-
nary dividers ((b) above). The output, this time a 5.2083 kHz, 4 volt peak-to-peak
square wave is then inverted in A7A before being fed to electrical synchronizer 5TR-
1A2A17 or 1RE1A2A17.

2-8. Frequency Divider 5TR1A2A9 or 1RE1A2A9

NOTE

Not used in A model.

a. General. The frequency divider board provides 11 stages of binary division of
the 500 kHz or 333 kHz reference signal from rf oscillator 5TR1A2Y1 or 1RE1A2Y1.
The signal at the output of the frequency divider is then applied to electrical syn-
chronizer 5TR1A2A7 or 1RE1A2A7, where it is used to generate the clock pulses re-
quired for referencing, gating, set and reset operation.

b. Block Diagram Analysis (Fig. 2-10). The input to the frequency divider is a
500 kHz square wave at 4 volts peak-to-peak over the times-4 portion of the band,
and alternate half-cycles of 250 kHz and 500 kHz at 4 volts peak-to-peak over the
times-6 portion of the band. The times-6 signal has negative-going transitions
spaced 3 microseconds apart, which makes the signal look like 333 kHz to a binary
divider. The 11 binaries are connected in a cascade to provide a total division of
the input signal by 2,048. The output signal is a 244.14 Hz (times-4 portion of the
band) or 162.75 Hz (times-6 portion of the band) square wave at 4 volts peak-to-
peak. Three test points provide sources for displaying the signal, in three separ-
ate groups, as it is divided by each binary.

c. Circuit Diagram Analysis (FO-4-17). The 500 kHz or 333 kHz signal is fed
through C1 to toggle input pin 10 of binary microcircuit divider A1. The binary
divider is a bistable multivibrator which will flip from one state to the other when
pin 10 input goes negative. The output at pin 8 of binary A1, a 4 volts peak-to-
peak square wave at half the frequency of the input signal, is fed directly to the
toggle input of binary A2, and so on. The output of binary All is coupled through
C3 to pin 8 of J9 and on to electrical synchronizer 5TR1A2A7 or 1RE1A2A7. The input
signal and the outputs of binaries A1, A2 and A3 are fed in parallel, through R1,
R2, R3 and R4 respectively, to A12/TP1, a monitor point which provides a means of
displaying the counting cycle on an oscilloscope. RI, R2, R3 and R4 are of differ-
ent values to provide an oscilloscope presentation in the form of descending steps
(fig 2-10); this facilitates identification of each signal. In a similar manner,
the outputs of binary dividers A4 to A7 are connected to A12/TP3 and the outputs of
binary dividers A8 to All are connected to A12/TP2.

2-9. Electrical Synchronizer

a. Model No. 5TR1A2A7 or 1RE1A2A7.

(1) General . This unit performs two major functions within the synthesizer.
The first function is the generation of clock pulses A, B, C and D. The second is
the gating of the full count pulse, generated within the counter, to produce high
count or low count error pulses. The error pulses then generate an afc voltage
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Figure 2-10. Frequency Divider 5TR1A2A9 or 1RE1A2A9,
Block Diagram.
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which locks the modulator-oscillator frequency to the selected channel frequency.
This unit also gates the modulator-oscillator rf signal applied to the counter cir-
cuits; the first binary divider of the counter is also part of the electrical syn-
chronizer board.

(a) The clock pulses
vider 5TR1A2A9 or 1RE1A2
nals from each divider with

are generated by dividing the signal from frequency di-
A9 four-stage binary divider and gating the output sig-
the outputs of succeeding dividers.

(b) The final referencing frequency of the programmed counter in the synthe-
sizer must be low enough to allow several full cycles of the lowest modulating fre-
quency to occur during each count cycle, in order to prevent the afc from drifting
due to the modulating signal. The lowest modulating frequency is 200 Hz. The coun-
ter referencing frequency is 15.26 Hz over the portion of the band which includes a
times-4 multiplication factor, and 10.15 Hz over the portion which includes a times-
6 multiplication factor. The referencing rate is controlled by clock pulse B.
Clock pulses A, C and D are required for gating, set and reset operation of the
counter during the reference cycle. These pulses occur at the same rate as clock
pulse B, but have a shorter time duration.

(2) Block diagram analysis.

(a) Clock pulse generator circuits (Fig. 2-11). The input to the clock pulse
generator section of the unit is a 244.14 Hz square wave at 4 volts peak-to-peak
over the times-4 portion of the band, and a 162.75 Hz square wave at 4 volts peak-
to-peak over the times-6 portion of the band  his signal is further divided by
in a four-stage binary divider, A1, A3, A5 and A7. Clock pulse B is the inverted
output of binary A7. Clock pulse B gates the non-inverted output of binary A5 in
gate A6 to produce clock pulse A. Clock pulse C is the output of gate A4 and is de-
rived by gating the non-inverted output of binary A1 with clock pulse A plus the in-
verted output of binary A3. Clock pulse D is produced in gate A2 by gating the in-
verted output of binary A1 with clock pulse A and the non-inverted output of binary
A3 . Clock pulse A is used to gate the rf signal applied to the programmed counter
and to reset the first binary of the counter chain. Clock pulse B establishes the
start count and end count moments as reference points for all other functions.
Clock pulse C is the reset function; it occurs shortly after the end count moment
and resets all binaries and the counters to zero state. Clock pulse D occurs imme-
diately after clock pulse C ends and sets the programmed binaries to the one state.

(b) Error pulse generator circuits (Fig. 2-12). There are two main inputs to
the error pulse generator section: the output of the sixth rf divider (digital
electronic divider-counter 5TR1A2A5 or 1RE1A2A5) in the frequency range 742 kHz to
1.13 MHz, and the full count (-1) pulse from the programmed counter (digital elec-
tronic counter 5TR1A2A6 or 1RE1A2A6). The rf signal is gated by clock pulse A in
dual NOR gate A8 (gate A) before clock pulse A is applied to the counter. Binary
A13 is the first stage of the 16-stage counter and is reset by clock pulse A for
convenience. The gated rf is also fed to the first count store (binary A9) and gate
B (binary A1O). The rf signal is then further divided by 5 non-programmed binary
dividers contained in digital electronic counter 5TR1A2A6 or 1RE1A2A6 and digital
electronic divider-counter 5TR1A2A5 or 1RE1A2A5. The full count (-1) pulse, gener-
ated when all 16 counter stages reach a one count simultaneously, is used to set the
gate B (binary A1O), which in turn, generates a full count pulse and an inverted
full count pulse. These two pulses are then fed to the error pulse logic circuit
which generates either a low count or a high count pulse. The lack of synchroniza-
tion due to the delay between the opening of gate A (binary A8) and the passage of
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Figure 2-11. Clock Pulse Generator 5TR1A2A7 or 1RE1A2A7,
Functional Block Diagram.
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Figure 2-12. Error Pulse Generator 5TR1A2A7 or 1RE1A2A7,
Functional Block Diagram.

the first pulse through it, results in a random low count and causes a jitter on the
afc line. This jitter is removed by the action of the first count store (binary A9)
and gate A12 of the error pulse logic circuit, which produce high count pulses equal
to the random low count pulses. The high count or the low count error pulses are a
succession of negative-going pulses whose widths depend upon the frequency error of
the modulator-oscillator rf si
are then fed to signal data
used in generating the afc vol

(3) Detailed circuit ana

gnal. The high count or the low count error pulses
converter-storer 5TR1A2A8 or 1RE1A2A8 where they are
tage.

lysis (FO-4-13).

(a) Clock pulse generator. Clock pulse B establishes the counter start and
stop times; the start count and end count moments. It is generated by dividing the
244.14 or 162.75 Hz signal a further 16 times through 4-stage binary divider A1 A3,
A5 and A7. Clock pulse B is in the inverted output (pin 3) of binary A7 (fig. 2-
13). The final frequency of clock pulse B is 15.26 Hz (or 10.17 Hz), depending on
whether the transmitter multiplication factor is times-4 or times-6. These frequen-
cies relate to referencing times of 65.53 milliseconds (or 98.3 milliseconds). The
start count moment is initiated by the negative transition of clock pulse B; the end
count moment is coincident with the next positive transition of clock pulse B. The
pin 8 output of binary A5 is fed to pin 7 of dual NOR gate A6; clock pulse B applied
at pin 8 gates the output of binary A5 to produce clock pulse A (CPA) at pin 10.
Clock pulse A is 65.53 (or 98.33) milliseconds long, consisting of a negative pulse
16.38 (or 24.57) milliseconds long followed by a positive pulse 49.15 (or 73.76)
milliseconds long (fig. 2-14). The output at pin 10 is fed into the second half of
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E L 5 R E O 1 3

Figure 2-13. Clock Pulse B Generation, Waveforms.

Figure 2-14. Clock Pulse A Generation, Waveforms.

NOR gate A6 (pin 4); the output at pin 2 is the inverted clock pulse A. CPA is fed
to pins 3 and 9 of dual NOR gate A4 where it is used to gate the pin 3 output of bi-
nary A3 and the pin 8 putput of binary A1 to generate clock pulse C (fig. 2-15).
Clock pulse C (CPC) is a negative-going pulse 4.09 (or 6.14) milliseconds after CPA
goes negative, or 12.27 (or 18.40) milliseconds before the start count moment. C PC
is the clear or reset pulse fed to pin 4 of all programmed counters. Clock pulse D
(CPD) is produced in NOR gate A2, by gating the pin 3 output of binary A1 and pin 8
output of binary A3 with CPA (fig. 2-16). CPD is a negative-going pulse 4.09 (or
6.14) milliseconds long starting 8.19 milliseconds after clock pulse A goes nega-
tive. CPD is the set pulse fed to pin 7 of all programmed counters.

(b) Error pulse generator circuits. The rf signal (rf divided by 64) at the
output of the digital electronic divider-counter is fed through J7 pin 14 to pin 5
of gate A (dual NCR gate A8). Clock pulse A from pin 10 of NOR gate A6 is fed to
pin 4 of gate A and gates the application of the rf signal to the counter. The gat-
ed rf from the first half of gate A is then fed through the second half of the gate
to convert the rf signal before A is applied to pin 10 of the first counter stage,
binary A13. Clock pulse A is fed to pin 4 of binary A13 to perform the reset func-
tion as a matter of convenience; all other counters are reset and set by clock
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Figure 2-15. Clock Pulse C Generation, Waveforms.

Figure 2-16. Clock Pulse D Generation, Waveforms,

pulses C and D respectively. The pin 8 output of binary A13 is fed through J7 pin
13 to digital electronic counter 5TR1A2A6 or 1RE1A2A6 for counting. The gated rf
signal at the output of gate A is also fed to the toggle inputs of binary A9 (anti-
jitter) and binary A1O (gate B). The full count (-1) pulse generated in digital
electronic counter 5TR1A2A6 or 1RE1A2A6 (para 2-11a) is fed through J7 pin 12 to the
gating input pin 2, of gate B (binary A1O). (The full count (-1) pulse is generated
when all counter stages reach a one count simultaneously.) The next negative tran-
sition of the rf signal through gate A (binary A8) arriving at pin 10 of gate B,
causes gate B to change states, generating the full count pulse at pin 8 and the in-
verted full count pulse at pin 3. Gate B is then reset to zero state by clock pulse
C.
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1. The full count pulse at pin 8 of gate B is fed to pin 7 of NOR gate A12,
while the—inverted full count pulse at pin 3 of gate B is applied to NOR gate All.
NOR gates All and A12 form the error pulse logic circuit. The full count pulse fed
to NOR gate A12 is referenced to clock pulse B applied to pin 8. Clock pulse A is
fed to pin 9 of gate A12 to prevent any spurious low or high count pulses being gen-
erated during the counter resetting period. At the end count moment clock pulse B
goes positive. The full count pulse goes negative at the time A1O is triggered.
Thus, if the full count pulse occurs after the end count moment, the output at pin
10 of NOR gate A12 is a negative low count error pulse lasting from the end count
moment to the moment the full count state has been reached. The inverted full count
pulse at pin 3 of binary A10 is fed to pin 5 of NOR gate All; the inverted full
count pulse goes positive when A1O is triggered. Clock pulse B (CPB) (pin 8 output
of binary A7) is applied to pin 4 of NOR gate All and is positive until the end
count moment. If the full count moment occurs before the ‘end count’ moment, the
output at pin 2 is a negative high count error pulse lasting from the moment the
full count state has been reached to the end count moment. The negative high count
error pulse is then fed into pin 8 of the second half of NOR gate All. Input to pin
9 of All is the output (pin 3) of the anti-jitter binary which is negative at the
start count moment, and pin 9 of All is held positive around the end count moment;
the output at pin 10 of NOR gate All is a positive-going high count error pulse oc-
curring near the end count moment if the modulator-oscillator frequency is high.
This pulse is then fed into NOR gate A12 (pin 4) where it is inverted.

2. The gated rf at the output of gate A (binary A8) is also fed to the tog-
gle input (pin 10) of binary A9. Binary A9 is set to state zero by clock pulse C
applied at pin 4, and remains in this state until it is switched by the first rf
pulse through gate A. The output at pin 3 of A9 is negative after the start count
moment until the first pulse passes gate A; this pulse is fed to All (pin 9) where
it is combined with the high count pulse generated at All pin 2. The output from
All pin 10 thus carries the high count pulse and the anti-jitter pulse. This is
equivalent to a high count error pulse produced at the start count moment and is
equal in time to the delay in counting resulting from the lack of synchronization
between clock pulse A and the first rf pulse through gate A. During the anti-jitter
pulse generation, the input to All pin 5 is positive, since no full count pulses are
produced near the start count moment. The output of All pin 10 is then fed into pin
4 of NOR gate A12 where it is inverted. The low count and/or high count error
pulses are then fed into signal data converter-storer 5TR1A2A8 or 1RE1A2A8.

b. Model No. 5TR1A2A17 or 1RE1A2A17.

(1) General . This unit performs two major functions within the synthesizer.
The first function is the generation of clock pulses A, B, C and D. The second is
to produce high or low count error pulses. The board contains nine divider stages
which are used to generate clock pulses A, B, C and D. The remaining circuitry
forms the error pulse generator. The full count (-1) pulse, arriving at about the
end-count moment, is used to generate an error pulse. The error pulse (high or
low), proportional to the amount of frequency error in the vco frequency, is fed to
the converter-storer where it is used to generate the afc voltage. Since the rf and
the clock pulse B are not synchronized, the full-count pulse will jitter in a random
manner and produce an average low count error of 1/2 bit. To eliminate this error
(jitter) an anti-jitter pulse of the same width is generated in the high-count error

.
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(2) Block diagram analysis, clock pulse generator circuits (Fig. 2-17). The
7.8125 kHz or 5.2083 kHz input to electrical synchronizer 5TR1A2A17 is divided in a
group of nine binaries. Clock pulse B (CPB) is the Q output of the last binary and
is a symmetrical square pulse 65.54 msec long. The Q output of binary A6A and CPB
is fed to a NAND gate to produce clock pulse A (CPA). CPA is a negative-going pulse
16.36 msec long followed by a positive-going pulse 49.18 msec long. Similarly, the
Q output of binary A6B, the Q output of binary A8A, and the inverted CPA (CPA), are
fed to a NAND gate to produce clock pulse C (CPC). CPC is a negative-going pulse
4.09 msec long occurring once every 65.52 msec. The Q output of binary A6B, the Q
output of binary A8A, and CPA are fed to a NAND gate. The inverted output, together
with the Q output of binary A8B, are fed to a second NAND gate. The inverted output
of the second NAND gate is clock pulse D (CPD), a positive-going pulse 2.05 msec
long, occurring once every 65.52 msec. CPA, CPC and CPD coincide with the positive-
going pulse of CPB. A timing chart of the time comparison for the divide-by-three
function is included in figure 2-17.

(a) Error pulse generator circuits (Fig. 2-18). The error pulse generator
section has two main inputs; the rf divided by 64 from frequency divider 5TR1A2A14
and the full count (-1) pulse from the digital electronic counter-divider 5TR1A2A16.
CPA (high) opens NAND gate A1B to allow the rf signal to pass through to A2A, the
first stage of the 16 stage counter. The gated rf is also fed to the first count
store (binary A3A) and NAND gate A4A (part of error pulse logic circuit) and is used
to generate the antijitter pulse. The full count (-1) pulse, fed into full count
store A3B, and the rf divided by 64 applied through NAND gate A1C to the full count
store, generate the full count pulse. The width of the full count pulse, as measur-
ed against the end count moment, depends on the magnitude of frequency error. A
hiqh count error will occur when the end count moment arrives, in time, after the
full count (-1) pulse.
gate, together with the

This pulse is gated by CPB before it is fed to the NAND
time delay registered by the first count store binary.

Figure 2-17. Clock Pulse Generator, 5TR1A2A17 or 1RE1A2A17,
Functional Block Diagram.
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Figure 
2-18.

Error Pulse Generator 5TR1A2A17 or 1RE1A2A17,
Functional 

Block 
Diagram.
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(b) Delay of error pulse generator circuits. The lack of synchronization,
due to delay between the opening of rf gate (A1B) and the passage of the first pulse
through it (time delay of the first rf pulse), results in a random low count error
and will cause a jitter on the afc line. This jitter is compensated for by combin-
ing the outputs of the first count store and the high count gate, which produce high
count pulses equal to the random low count pulses. The high count or low count er-
ror pulses are negative going pulses whose widths are proportional to the frequency
error of the modulator-oscillator. The high or low error count pulses are then fed
to converter-storer 5TR1A2A18 or 1RE1A2A18 where they are converted to dc voltages,
which increase or decrease the afc voltage to the modulator-oscillator. Figure 2-18
illustrates the effect of a full count (-1) pulse occurring before or after the end
count moment.

(3) Detailed circuit analysis, low power dividers (FO-4-14). The incoming re-
ference frequency from the rf oscillator 5TR1A2Y11 is further divided by a factor of
16 in dual flat packs A9B, A9A, A1OB and A1OA. The output frequency, 488.2 Hz or
325.5 Hz, is fed to the toggle (CP) input of A8B, the first stage of the clock pulse
generator circuits.

(a) Clock pulse generator circuit. Clock pulse B, the Q  output of A2B, esta-
blishes the reference time for the start count and end count moments. The start
count moment is initiated by the negative transition of CPB, the end count moment is
coincident with the next positive transition of CPB. The count time lasts for 32.76
msec (divide-by-2 function) or 49.15 msec (divide-by-3 function). The positive
transition of the CPA is coincident with the negative transition of CPB (start count
moment) and is used to gate the rf which is then fed to the 16-stage counter. CPC
and CPD occur in time during the negative position of CPA (quiescence period). CPC,
a negative-going pulse 4.09 msec long, occurs 12.27 msec before the start count mo-
ment. It is fed through J6 pin 5 to the program counters (CD input) to clear all
counters. CPD is a positive-going pulse, 2.04 msec long, occurring 6.15 msec before
the start count moment. CPD is fed through J6 pin 6 to the program counters (SD in-
puts) to set direct all programmed counters. Low power dual J-K flipflops are used
in the binary stages. The J, CD and SD inputs are connected to the +5 volt dc line;
the input is connected to ground. One half of the final binary A2B supplies the
CPB and CPB outputs; the other half, A2A, is the first binary in the 16 stage,
Triple-pack, three-input, NAND gates are used. These inverters A7A, A7B, A7C are
hex type with three spares, A7D, A7E and A7F available. C1 C2, C3 and C4 filter
the +5 dc line.

(b) Error pulse generator. The rf signal (rf divided by 64) at the output of
the frequency divider is fed through J6, pin 4 to NAND gates AIB and AIC. The gate
output of NAND gate A1B is fed to the CP input of the first binary of the 16-stage
counter (A2A) and the CP input of the 1st Count store (A3A). CPA clears A2A so that
the count starts simultaneously with the gated rf. The gated rf is fed through J6
pin 4 to the counters. A3A is cleared by CPC at the CD input. The Q output of A3A
(time delay of the first rf pulse through the rf gate), is then fed to NAND gate
A4A. NAND gate A1C has three inputs: the rf divided by 64, CPA, and the Q output
of binary A3B. The output of A1C is applied to the CP input of full count store
A3B; the full count (-1) pulse from electronic digital counter is fed through J6 pin
8 to the J and K inputs of A3B, and CPC is applied to the SD (set direct) input.
The Q output of A3B, CPB, and CPA are fed into NAND gate A1A which generates the low
count error pulses; A1A output is fed through J6 pin 11 to the signal data
converter-storer board. The Q output of A3B is gated by CPB in NAND gate A4D; the
high count pulses at the ouput of A4D are fed together with the Q output of A3A to
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NAND gate A4A. By this process, the anti-jitter pulse is added to the high count
pulse. The output of NAND gate A4D, which contains anti-jitter and high count error
pulses, is further gated by CPA in NAND gate A4C. The A4C output, which now con-
tains variable-width anti-jitter and high count pulses, is applied through J6 pin 10
to the signal data converter-storer board. A3A and A3B are low power dual J-K flip-
flops. A1A, A1B, A1C are triple pack 3 input NAND gates. A4A, A4C, A4D are quad-
ruple pack 2 input NAND gates. A4B is used in the clock pulse generator circuit to
produce CPA.

2-10.

a.—

ties)

Programmed Counters

Unlettered Model (Fig. 2-19).

(1) The synthesizer frequency (any one of the 1,720 discrete output frequen-
is referenced to, and controlled by, the 2.0 MHz reference crystal oscillator

The frequency referencing and control are(rf oscillator 5TR1A2Y1 or 1RE1A2Y1).
done in a sampling manner to permit frequency deviation of the output signal. The
sampling rate is related to the lowest modulating frequency, and is low enough to
prevent the modulating signal from having an effect on the frequency controlling
function. The lowest modulating frequency is 200 Hz; the frequency referencing rate
has been established at 15.26 Hz (divide-by-2 function) or 10.17 Hz (divide-by-3
function).

(2) The frequency referencing rate is established by dividing the output of the
2.0 MHz crystal oscillator (rf oscillator 5TR1A2Y1 or 1RE1A2Y1) to 15.26 Hz (65.52
milliseconds) or 10.17 Hz (98.33 milliseconds). A sample of the modulator-
oscillator output frequency is fed through the programmed ripple counter which
should give a one count in every stage (full  count) at precisely the same time as
the sampling time interval ends (end count moment). If the one count is reached be-
fore or after the end moment, high or low count error pulses are produced; these in
turn vary the afc voltage in the proper direction to bring the modulator-oscillator
output frequency to the nominal value.

(3) To permit the selection of the synthesizer output frequencies (channel se-
lection), certain stages of the programmed ripple counter are preset according to
the frequency selection code. By changing the preset code, the time required for
any particular frequency to establish full count condition also changes. This in
turn causes the afc to change the modulator-oscillator output frequency to the point
where the full count occurs at the end count moment. The preset code is established
in control indicator 6A3 or 2A2 (para 2-28).

(4) The ripple counter consists of a total of 16 binary dividers connected in
series, with the output of each binary feeding a 16-input NOR gate (fig. 2-19). The
gate produces a full count output when all 16 stages reach the one state. In order
to establish the correct counter working range (about 1 MHz), the sample of the syn-
thesizer output frequency is first divided in six high speed dividers (para 2-3) to

   a frequency in the range of 0.742 MHz to 1.13 MHz. This signal is then fed into
electrical synchronizer 5TR1A2A7 or 1RE1A2A7 and gated by clock pulse A in gate A.
The gated rf is applied to the counter at the start of the counter referencing time
(start count). The first binary of the 16-stage counter is contained in the elec-
trical synchronizer. During the period the rf signal is gated-off (quiet period),
all counter stages are set to zero state by clock pulse C, and immediately after,
certain selected states are preset to the one state by clock pulse D, according to
the information code arriving on control lines 3 - 12 from control-indicator 6A3 or
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Figure 2-19.
Programmed 

Counters 
(Unlettered 

 
Model), 

Functional 
Block 

Diagram.
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2A2 . The first six divider stages (one in the electrical synchronizer and five in
digital electronic counter 5TR1A2A6 or 1RE1A2A6) are all preset to the one state by
clock pulse A, clock pulse C or control lines 1 and 2. Their function is to provide
fine frequency resolution and to reduce the amount of correction required of the
anti-jitter circuit. The remaining 10 dividers are preset by control-indicator con-
trol lines 3 to 12 to produce the selected frequency.

(5) The frequency control information is in the form of a binary code (para 2-
28). Each succeeding control line controls twice as much frequency change as the
one preceding it. Thus control line 3 controls a frequency change of 125 kHz or
83.333 kHz; line 4 controls a frequency change of 250 kHz or 166.666 kHz; and line
12 controls a frequency change of 64 MHz or 42.666 MHz, depending whether the sampl-
ing interval is 32.76 milliseconds (channels up to 179) or 49.166 milliseconds
(channels 180 and up).

(6) For example, to select a transmitter output frequency of 256 MHz, channel
code 112 on the channel selector will preset line 12. Since the transmitter multi-
plication factor is times-4 at channel 112 the required synthesizer output frequency
is 64.0 MHz. The six binary dividers that precede the counter reduce the modulator-
oscillator output frequency to 1.0 MHz before it is applied to the counter. W ith
line 12 preset it will take 32.76 milliseconds for the counter to generate the full
count pulse. This signal equals the 32.76 millisecond counter reference time esta-
blished by the reference rate of 15.26 Hz (clock pulse B). To increase transmitter
output frequency by one channel, line 3 is preset with line 12 as the channel selec-
tor is set to channel 113. Presetting line 3 will initially decrease the time it
takes to generate the full count pulse by 64 microseconds, causing low count error
pulses which change the afc the correct amount to increase the vco frequency by 125
kHz to the point where the full count pulse again occurs at the end count moment.
To decrease transmitter frequency by one channel to channel 111, the channel selec-
tor code removes line 12 preset and presets all other 9 stages in accordance with
the binary counting code. This then increases the time to generate the full count
pulse by 64 microseconds and causes the vco frequency to shift downward by 125 kHz.

b. A Model (Fig. 2-20).

(1) The synthesizer output frequency (any one in the range of 47.5 to 72.5 MHz)
is referenced to, and controlled by, the 16 MHz reference crystal oscillator (rf os-
cillator 5TR1A2Y11 or 1RE1A2Y11). The frequency referencing and control are done in
a sampling manner to permit frequency deviation of the output signal. The sampling
rate is related to the lowest modulating frequency, and is low enough to prevent the
modulating signal from having an effect on frequency controlling function. The low-
est modulating frequency is 200 Hz; the frequency referencing rate has been esta-
blished at 15.2 Hz (divide-by-2 function) or 10.17 Hz (divide-by-3 function). This
is accomplished by dividing the output of the 16 MHz crystal oscillator (in a series
of twenty binary dividers) to 15.26 Hz (65.53 milliseconds divided-by-2 mode) or
10.17 Hz (98.33 milliseconds, divided-by-3 mode).

(2) A sample of the modulating-oscillator (VCO) 5TR1A2A2 output frequency is
fed through a series of binary dividers (6) then through a programmed ripple counter
(16 binaries). A full count state is reached when all the 16 binaries of the coun-
ter are in the H state. A logic circuit senses this state and produces a full count
(-1) pulse which is then fed to the electrical synchronizer 5TR1A2A17. When the vco
is on frequency, the full count (-1) pulse occurs at the end count moment. If the
vco frequency is too high, then the full count state is reached before the end count
moment and vice versa.
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Figure 2-20. Programmed Counters, (A Model), Functional
Block Diagram.

(3) To permit the selection of the synthesizer output frequencies (channel se-
lection), certain stages of the programmed ripple counter are preset according to
the frequency selection code. By changing the preset code, the time required for
any particular frequency to establish full count condition also changes. This pro-
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duces error pulses which, in turn, determines the afc voltage fed to the vco and
changes the output frequency to the point where the full count occurs at the end
count moment. The preset code is established in control indicator 6A3 or 2A2 (FO-4-
33).

(4) The ripple counter consists of a total of 16 binary dividers connected in
series, with the output of each binary feeding one of two 8-input NAND gates. The
outputs of the two 8-input NAND gates are fed into another NAND gate to produce a
full count output when all 16 stages reach a high state (fig. 2-20). In order to
establish the correct counter working range (about 1 MHz), the sample of the synthe-
sizer output frequency has been divided in six high speed dividers to a frequency in
the range of 0.742 MHz to 1.13 MHz (para 2-6b). This signal is fed into electrical
synchronizer 5TR1A2A17 or 1RE1A2A17 and gated by clock pulses A in the rf gate (para
2-9b) (start count). During the period the rf signal is gated off (quiet period,
CPA negative), all counter stages are cleared direct by clock pulse C. Immediately
afterwards, clock pulse D arrives at the SD input of all binaries. However, on each
of binaries 4 through 16, CPD is applied through a NAND gate and can get through
only if the other input is high. Binaries 7 through 16 are thus controlled by an
H-L code present on control lines 3 through 12. The unprogrammed binaries 2 through
6 are always set direct by CPD. Their function is to provide fine frequency resolu-
tion and to reduce the amount of correction required of the anti-jitter circuit.

(5) The frequency control information is in the form of a binary code. Each
control line controls twice as much frequency change as the one preceding it.
Thus, control line 3 controls a frequency change of 125 kHz or 83.333 kHz; line 4
controls a frequency change of 250 kHz or 166.666 kHz, and line 12 controls a fre-
quency change of 64 MHz or 42.666 MHz, depending on whether the sampling interval is
32.75 msec (channels up to 179) or 49.166 msec (channels 180 and up).

(6) For example, to select a transmitter output frequency of 256 MHz, channel
code 112 on the channel selector will code line 12. Since the transmitter multipli-
cation factor is times-4 at channel 112, the required synthesizer output frequency
is 64.0 MHz. The six binary dividers that precede the counter reduce the modulator-
oscillator frequency to 1.0 MHz before it is applied to the counter. With line 12
coded, it will take 32.76 msec for the counter to generate the full count pulse.
This signal is equivalent to 32.76 msec counter reference time established by the
reference rate of 15.25 Hz (clock pulse B). To increase transmitter output frequen-
cy by one channel, line 3 is coded with line 12 as the channel selector is set to
channel 113. Coding line 3 will initially decrease the time it takes to generate
the full count pulse by 64 microseconds, causing low count error pulses. These, in
turn, change the afc by the correct amount to increase the vco frequency by 125 kHz,
to the point where the full count pulse again occurs at the end count moment. To
decrease transmitter frequency by one channel to channel 111, the channel selector
code is removed from line 12; however, all other 9 lines are coded in accordance
with the binaries counting code. This increases the time to generate the full count
pulse by 64 µ sec and causes the vco frequency to shift downward by 125 kHz.

2-11. Digital Electronic Counter

a. Model No. 5TR1A2A6 or 1RE1A2A6.—

(1) General. The digital electronic counter contains three non-programmed bi-
nary counters (A1, A2 and A3), six programmed binary counters A4 through A9 and one
4-input NOR gate operating as a 16-input AND gate. All binaries are connected
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in a counter-fashion wi
to the toggle input (pi

th the rf siqnal at the zero output (pin 3) being connected
n 10) of the-next binary. The zero output of all binaries is

used to originate the full count (-1) pulse.

(2) Detailed circuit analysis (FO-4-11). The output on binary A13 of electri-
cal synchronizer 5TR1A2A7 (first binary counter), a 4 volt peak-to-peak square wave,
is fed into the toggle input of binary A1 and to the full count gate (4-input NOR
gate) A1O, pin 10. Similarly, the outputs of binaries A1, A2 and A3 are also fed to
the full count gate A1O (pins 7, 8 and 9 respectively). Binaries A1, A2 and A3 are
preset to state one (zero state at pin 3) by clock pulse D fed to gating input pin 7
of each binary. Binaries A4 through A9 are programmed working in conjunction with
control lines 1 through 6 of control-indicator 2A2 or 6A3. Control lines from the
control-indicator are applied to the bases of transistors Q1 through Q6. Clock
pulse D is applied to the emitters of transistors Q1 through Q6. Transistors Q1
through Q6 operate as AND gates with control lines gating clock pulse D application
to the counter stage. The first two control lines (lines 1 and 2) are not used; the
corresponding microswitches in the control-indicator are open. Clock pulse C appli-
ed to pin 4 of each binary sets it to state zero (pin 8). Clock pulse D arriving at
binaries A4 and A5 through gates Q1 and Q2 presets them to state one (zero state at
pin 3). The zero state at pin 3 is sensed by CR1 and CR2 respectively.

(a) Control lines 3 through 6 carry the control-indicator binary coding (para
2-28) . When a control line is off (uncoded) the corresponding microswitch is clos-
ed, grounding the base of its corresponding transistor, thus preventing clock pulse
D from getting through. The programmed binary remains at state zero (pin 8) and is
switched to state one by the next negative transition. Diodes CR3 through CR6 sense
state zero at pin 3 of each binary counter. CR1 through CR6 are part of a 12-input
gate extender used to extend the inputs to the full count gate A1O from 4 to 16.

(b) The rf at the pin 3 output of binary A9 is fed through J6 pin 6 to the
next six programmed counters contained in digital electronic divider-counter 5TR1A2-
A5 or 1RE1A2A5. The extender line from counter stages 7-12 is connected through J6
pin 8 to the extender line of the first six counter stages, and then fed to the gat-
ing input, pin 2, of the full count gate. The negative-going full count (-1) pulse
is generated the instant all inputs sensed (2 and 7 through 10) become zero simulta-
neously. The full count pulse is then fed through J6 pin 1 to full count store, bi-
nary A10, in electrical synchronizer 5TR1A2A7 or 1RE1A2A7.

b. Model No. 5TR1A2A16 or 1RE1A2A16 (A Model).

(1) General. The digital electronic counter contains nine binaries, nine NAND
gates and two inverters. All binaries are connected in a “counter” fashion, with
the rf signal at the Q output being connected to the CP input of the next binary.
The Q output of all binaries is sensed by an 8-input NAND gate.

(2) Detailed circuit analysis (FO-4-12). The output of the first binary coun-
ter A2A of electrical synchronizer 5TR1A2A17, a 4 volt, peak-to-peak square wave at
pin 7 is fed through inverter A7B to the CP input of binary A8B. The Q output of
binary A8B is fed to CP input of binary A8A, and so on. The Q output of the last
binary A2B (count pulse out) is fed through pin 3 to the digital electronic divider-
counter 5TR1A2A15, 8-input NAND gate A3 senses the Q outputs of binaries A8A, A6B,
A6A, A4A and A2B and the input line (first counter binary), CPD at pin 6 is fed
through inverter A7A to the SD input of binaries A8B and A8A. CPD is also fed to
one input of NAND gates A5A, A5C, A5B, A1C and A5D. Control lines O through 4, at
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pins 10 through 14 are also connected to NAND gates A5A, A5C, A5B, A1C and A5D, re-
spectively. Depending on whether a control line is coded (+26 v, H) or not (O v,
L), the SD input to the binary will be L or H at CPD times, and the corresponding
binary removed or added (time-wise). Control lines O, 1 and 2 are always coded (H);
at CPD time the low at SD input sets binaries A5A and A5C and A5B. Binaries A1C and
A5D will set, or remain cleared, depending on whether control lines 3 and/or 4 were
H or L.

(a) NAND gate A3 output remains H until such time all sensed Q outputs are
simultaneously H;this occurs twice during a full count time. The L - the half
count pulse lasts for the duration of the highest rf frequency fed into the counter.
The waveform at the output of A3 is inverted in AID and the resultant waveform
applied to the input of A1B. The second input to A1B is a similar waveform, half
count pulse, arriving at pin 4 from digital electronic divider-counter 5TR1A2A15.
The output of the A1B is a negative-going pulse, approximately 1 usec wide, occur-
ring at the moment both half inputs are high. This is the full count (-1) pulse,
and is fed through pin 8 to the full count store binary in the electrical synchro-
nizer 5TR1A2A17.

(b) All binaries are low-power dual pack J-K flip-flops. The J input is con-
nected to the +5 vdc line. K input to ground, A3 is an 8-input NAND gate. All
other NAND gates are of the quadruple-pack two-input type. A7A and A7B are “Hex”
inverters with A7C, A7D, A7E and A7F available as spares. A2A is a spare binary.
The +5 vdc line is filtered by C1 and C2.

2-12. Digital Electronic Divider-Counter

a. Model No. 5TR1A2A5 or 1RE1A2A5.—
-

(1) General. The digital electronic divider-counter contains six programmed
binary counters A1 through A6 (stages 7 through 12) and the three last stages of the
high speed dividers. Binaries A1 through A6 are connected in the same counter fash-
ion as counter stages 1 through 6 in digital electronic counter 5TR1A2A6 or 1RE1A2A6
(para 2-11A).

(2) Detailed circuit analysis (FO-4-9).

(a) The operation of programmed counter binaries A1 through A6 is identical
to that of counter binaries A4 through A9 in the digital electronic counter (para
2-11a). The counter input is available to the first binary from J5 to pin 5 and
clock pulse C is fed through J5 to pin 7 to pins 4 of each binary. Clock pulse D is
fed from J5 to pin 9 to the emitters of transistors Q1 through Q6, while control
lines 7 through 12 are applied from J5 pins 10 through 15 and individual 22 k resis-
tors to the bases of transistors Q1 through Q6 respectively. CR1 through CR6 sense
the zero state at pin 3 of each binary and the extender line is fed through J5 pin 8
and J6 pin 8 to the full count (-1) gate in digital electronic counter 5TR1A2A6 or
1RE1A2A6.

(b) Binaries A7 through A9 are integrated micro-circuit binary dividers and
have been mounted on this board for convenience. The rf input (rf divided by 8) is
applied through J5 pin 1 and C2 to toggle input pin 10 of binary A7. The two anti-
phase outputs at pins 3 and 8 are at half the input frequency. R7 and R13 lower the
output impedance to speed up the switching action. The output at pin 3 is fed into
toggle input pin 10 of the next binary A8, and similarly the A8 output at pin 3 is
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fed into the toggle input of binary A9. R8 and R9 speed up the switching action of
binaries A8 and A9 respectively. The output at pin 8 of binary A9, (rf divided by
64) is coupled through C1 to J5 pin 6 and then fed to electrical synchronizer 5TR1A-
2A7 or 1RE1A2A7 for gating and counting.

b. Model No. 5TR1A2A15 or 1RE1A2A15 (A Model).

(1) General. The digital electronic divider-counter contains eight programmed
binary counters and nine NAND gates. The eight binaries are connected in a similar
way to the counter stages in digital electronic counter 5TR1A2A16 or 1RE1A2A16.

(2) Detailed circuit analysis (FO-4-1O). The operation of the eight counter
binaries, A1A through A7B, is identical to that of the counter binaries in the digi-
tal electronic counter (para 2-11b). The input signal available to the first binary
from J8 pin 3 is the output signal of digital electronic counter 5TR1A2A16 or 1RE1A-
2A16. CPC at pin 5 is fed to the CD input of all counter binaries. CPD at pin 6 is
fed to one input of NAND gates A4A, A4B, A4D, A4C, A6B, A6A, A6D and A6C. Control
lines 5 through 12, at pins 7 through 14 respectively, are also connected to NAND
gates A4A, A4B, A4D, A4C, A6B, A6D and A6C. When one or more control lines are cod-
ed (+5 v, H) the corresponding binaries will be “set” (H at Q output) before the

. The Q outputs of all eight binaries are fed to NAND gate A2;
the output waveform of A2 remains a H until the full count is reached and all out-
puts are H. This L - the half count pulse - occurring once during the count time,
at about the end count moment, is fed back to the digital electronic counter where
it is inverted in A1A before being applied to the full count (-1) gate A1B. The
eight counter binaries are low power dual pack J-K flipflops. The J inputs are con-
nected to the +5 vdc line, the K inputs to ground. A2 is an 8-input NAND gate. All
other NAND gates are quadruple pack, two-input types. C1 and C2 filter the +5 vdc
line.

start count moment.

2-13. Signal Data Converter-Storer

a. Model No. 5TR1A2A8 or 1RE1A2A8.

(1) General. The only function of signal data converter-storer 5TR1A2A8 or 1R-
E1A2A8 is the conversion and integration of high count and low count error pulses to
a dc automatic frequency control (aft) voltage. The afc voltage is then fed through
amplifier-monitor 5TR1A2A3 or 1RE1A2A3 to modulator-oscillator 5TR1A2A2 or 1RE1A2A2
where it is used to control the synthesizer output frequency.

(2) Block diagram analysis (Fig. 2-21). The low count and high count error
pulses fed into the signal data converter-storer are negative-going pulses at 4
volts peak-to-peak, whose width depends on the actual frequency error of the
modulator-oscillator output frequency. The low count error pulses are fed through a
two-stage amplifier (Q1-Q2) and a diode to a pair of low leakage capacitors in the
gate circuit of a metal oxide semiconductor field effect transistor (FET), Q6. The
two-stage amplifier is operated in saturation and acts as a switch which applies a
constant amplitude voltage pulse to the capacitors. As the width of low count
pulses indicates the frequency error, the length of time that the switch is open
determines the amount of voltage charge built up on the capacitors. The high count
error pulses and the anti-jitter pulses are fed through a three-stage amplifier and
reversed diode to the same pair of capacitors. Thus the opposing error pulses oper-
ate in the same manner but in opposite directions. The voltage appearing at the
drain output of Q6 is the afc voltage. High count error pulses (and anti-jitter
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pulses) cause a decrease in the afc voltage while low count error pulses cause an
increase in the afc voltage. The source voltage fed to Q6 is adjusted by a bias
control to set the nominal afc working voltage. The afc voltage is then fed to
amplifier-monitor 5TR1A2A3 or 1RE1A2A3.

(3) Detailed circuit analysis (FO-4-15).

NOTE

The dynamic frequency store circuit, shown in the
schematic diagram (FO-4-15), is not used at all; the
circuit, however, has not been removed to date. The
jumper between relay K1 contacts A1 and A3 insures
continuity of the signal path, and the absence of an
incoming signal at J8 pin 7 keeps the circuit inopera-
tive.

(a) Low count error pulses from electrical synchronizer 5TR1A2A7 or 1RE1A2A7
are fed into the signal data converter-storer at J8 pin 11 and are coupled through
C1 to the base of Q1. Transistor Q1 is normally conducting but upon receipt of a
negative-going

drawn from the
ma (0.6 ma. is 

the pulses are
and A3 to the

(b) Simi
storer from J8

low count error pulse, Q1 cuts off-, causing Q2 to conduct and ‘draw 2
 drawn from the +12 v line (transmitter) through R4 and 1.4 ma is
integrating circuits C3 and C4 through diode CR1.) From Q1 collector
coupled through Q2, CR1, and a jumper between relay K1 contacts A2
low leakage capacitors C3 and C4.

larly, high count error pulses are fed into the signal data converter
pin 10 and coupled throuqh C2 to the base of Q3. Transistor Q3 acts

as a switch, normally conducting. When negative-going anti-jitter pulses (at the
start count moment) or high count error pulses are received at the Q3 base, Q3 is
cut off and the pulses are coupled through Q4 to PNP transistor Q5. Q5 inverts them
and then CR2 passes them on to C2 and C3 through the K1 contact jumper. C3 and C4
are connected in the gate circuit of field effect transistor Q6. The source supply

Figure 2-21. Signal Data Converter-Storer
1RE1A2A8, Block Diagram.

5TR1A2A8 or

2-39



TM 11-5820-540-30

to Q6 is adjusted by bias control R15 to establish the nominal afc voltage during
setup. The output of Q6 at the drain is the afc drive to amplifier-monitor 5TR1A2A3
or 1RE1A2A3. The integrator feedback (J8 pin 9) is fed to the return side of low
leakage capacitors C3 and C4 and is taken from the output of the feedback amplifier
Q3 in the amplifier-monitor (para 2-14).

b. Model 5TR1A2A18 or 1RE1A2A18 (A Model).

(1) General. The function of signal data converter-storer 5TR1A2A18 or 1RE1A2-
A18 is the conversion and integration of high count and low count error pulses to a
dc automatic frequency control (aft) voltage. The afc voltage is then fed through
amplifier-monitor 5TR1A2A3 or 1RE1A2A3 to modulator-oscillator 5TR1A2A2 or 1RE1A2A2
(VCO) where it is used to control the synthesizer output frequency.

(2) Block diagram analysis (Fig. 2-22). The low count and high count error
pulses fed into the signal data converter-storer are negative-going pulses at
approximately 4 volts peak-to-peak, whose widths are proportional to the actual fre-
quency error of the vco output frequency. The low count error pulse (including the
jitter pulse) is fed through a two-stage amplifier and a diode, to a pair of low-
leakage capacitors in the gate circuit of a field effect transistor (FET). The two-
stage amplifier is operated in saturation and acts as a switch which applies a con-
stant amplitude voltage pulse to the capacitors. The width of low count pulses,
proportional to the frequency error, determines the length of time that the switch
is open and thus the amount of voltage change built up on the capacitors. The anti-
jitter pulses and (if the vco frequency is too high) the high count error pulses are
fed through a three-stage amplifier and a reverse diode to the same pair of capaci-
tors; thus, the opposing error pulses operate in the same manner but in opposite
directions. The voltage appearing at the drain output of the FET transistor is the
afc voltage. High count error pulses (and anti-jitter pulses) cause a decrease in
the afc voltaqe while low count error pulses cause an increase in the afc voltage.
The source voltage fed to the
afc working voltage.

(3) Detailed circuit anal
cal synchronizer 5TR1A2A17 or

FET is adjusted by a bias control to set the nominal

ysis (FO-4-16). Low count error pulses from electri-
1RE1A2A17 pin 11 are coupled through C1 to the base of

Figure 2-22. Signal Data Converter-Storer 5TR1A2A18 or
1RE1A2A18, Block Diagram.
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Q1. Transistor Q1 is normally conducting, but upon receipt of a negative-going low
count error pulse, it cuts off, causing Q2 to conduct and draw 2 ma (0.6 ma is drawn
from the +12 volt line through R4 and 1.4 ma from the integrating circuit capacitors
C4 and C5 through diode CR1). From Q1 collector, the pulses are coupled through Q2
and CR1 to the low-leakage capacitors C4 and C5.

(a) Similarly, the high count error pulses at pin 10 are coupled through C3
to the base of Q3. Transistor Q3 acts as a switch, normally conducting. When the
negative-going anti-jitter pulses (at the start count moment) and the high count er-
ror pulses are received at Q3 base, Q3 is cut off and the pulses are coupled through
Q4 to PNP transistor Q5 which inverts them and passes them through CR2 to the low
leakage capacitors C4 and C5.

(b) C4 and C5 are connected in the gate circuit of field effect transistor
Q6. The source supply to Q6 is adjusted by bias control R16 to establish the nomi-
nal afc voltage during setup. The output of Q6 at the drain is the afc voltage
drive, and is fed through pin 8 to amplifier-monitor 5TR1A2A3 or 1RE1A2A3. The in-
tegrator feedback at pin 9 is taken from the output of feedback amplifier Q3 in the
amplifier-monitor (para 2-14) and is fed to the return side of the low leakage capa-
citors C4 and C5.

2-14. Amplifier-Monitor 5TR1A2A3 or 1RE1A2A3

a. General. Amplifier-monitor 5TR1A2A3 or 1RE1A2A3 amplifies the afc voltage to
the required for frequency control, monitors the afc voltage and the presence
of clock pulse D, and gives an alarm indication if frequency control is lost. This
unit also provides the integrator feedback voltage to signal data converter-storer
5TR1A2A8 or 1RE1A2A8. (5TR1A2A18 or 1RE1A2A18 when radio is equipped with Electri-
cal Frequency Synthesizer 5TR1A2 or 1RE1A2 Part No. SM-D-865030.)

b. Block Diagram Analysis (Fig. 2-23). The afc voltage at the output of the
field effect transistor is fed to a two-stage cascade emitter follower, Q1, Q2, to
adjust the afc voltage to the 2 to 9 volt range (4 to 8 volts when synthesizer
equipped with modulator-oscillator 5TR1A2A2 or 1RE1A2A2, Part No. CMC 220-800159-
000) required at modulator-oscillator 5TR1A2A2 or 1RE1A2A2. An inverted sample of
the output afc is amplified in Q3 and fed back to the return side of the two low-
leakage capacitors in the field effect transistor gate circuit in the signal data
converter-storer as the integrator feedback circuit.

Figure 2-23. Amplifier-Monitor 5TR1A2A3 or 1RE1A2A3,
Block Diagram.
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(1) The integrator feedback voltage is monitored and used to control the SYNC
alarm relay K1. The SYNC alarm relay is normally operated by current through con-
trol transistors Q4-Q5, and drops out in the event of overvoltage or undervoltage.
The normal current through the control transistor is preset by a SYNC alarm con-
trol.

(2) Clock pulse D is differentiated and fed to capacitor discharge transistor
Q6. Loss of clock pulse D causes the capacitor to build up a voltage which over-
comes the Zener diode bias and turns on control transistors Q4 and Q5, causing the
SYNC alarm relay to drop out.

c. Detailed Circuit Analysis (Fig. 2-24).

NOTE

There are two versions of Amplifier-monitor 5TR1A2A3.
Older models will contain semiconductors as shown in
brackets in figure 2-24, new versions will have
changes in semiconductors CR1, CR2, CR3 and CR4, and
the value of resistor R8. Figure 2-24 shows both ver-
sions, the latter having the changed components iden-
tified by an asterisk. It is considered advisable
that whenever a replacement of one, or more transis-
tors (Q1 thru Q6) is made, that a simultaneous re-
placement of diodes CR3 and CR4 and resistor R8 be
made. Changing CR1 and CR2 are not essential. Indi-
vidual replacement of diodes CR1, 2 and 3 can be made
with no impact on operation. In the event that CR4 is
replaced, a similar change should be made to R8. The
incorporation of these changes is considered necessary
in order to prevent instability.

(1) Afc circuit. The afc drive at J4 pin 11 is fed through R11 to the base of
Q1. The Q1 emitter is connected directly to the base of Q2, the output emitter fol-
lower; the afc signal at the Q2 emitter is then fed through J4 pin 5 to modulator-
oscillator 5TR1A2A2 or 1RE1A2A2. The afc voltage in the range of 2 to 9 volts (4 to
8 volts when synthesizer equipped with modulator-oscillator 5TR1A2A2 or 1RE1A2A2,
Part No. CMC 220-800159-000) is applied to the oscillator varactor in the modulator-
oscillator board to generate output frequencies of 47.5 to 72.5 MHz (para 2-4).

(2) Integrator feedback. The voltage at the collector of Q2 is amplified in
feedback amplifier Q3. The signal at the Q3 collector is fed through J4 pin 7 to
the return side of the two low leakage capacitors, C3, and C4, of the integrator
circuit in the signal data converter storer 5TR1A2A8 or 1RE1A2A8 (5TR1A2A18 or 1RE1-
A2A18 when radio is equipped with Electrical Frequency Synthesizer 5TR1A2 or 1RE1A2,
Part No. SM-D865030).

(3) SYNC alarm operation. The SYNC alarm circuit operates when the afc voltage
is either below or above set limits or when clock pulse D is absent. Normally, re-
lay K1 is kept operated by current through control transistor Q5. The base of Q5 is
connected in a voltage divider circuit and senses the current through control tran-
sistor Q4. The afc reference voltage is taken from the collector of Q3, the feed-
back amplifier. Since Q3 is a PNP transistor, a rising voltage at its base (equiva-
lent to a drop in afc output voltage) will tend to cut it off. This will cause the
voltage at the Q3 collector to fall, pulling down the Q5 base through R4. Q5 will
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then cut off, letting K1 drop out. The SYNC alarm path through relay K1 contacts is
open and the SYNC alarm is on. If the output afc increases above its reference
value, the Q3 base will drop causing its collector to rise above 15 volts and fire
Zener CR3. This will cause the Q4 base to rise, turning Q4 on. When Q4 conducts,
its collector will fall, lowering the Q5 base. Q5 will then cut off, letting K1

EL5RE024

Figure 2-24. Amplifier-Monitor 5TR1A2A3 or 1RE1A2A3,
Schematic Diagram.
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drop out and indicate an alarm condition. Afc SYNC alarm operation is adjusted by
control R3, which varies the current through Q3. Clock pulse D at J4 pin 10 is dif-
ferentiated by C3 and R9 producing positive pips at the Q6 base. These positive
pips cause 06 to discharge C2. If clock pulse D fails, the discharge action stops
and the C2 voltage builds up toward the supply voltage. When it reaches 10 volts
(6.2 volts on later models with semiconductors CR1, CR2, CR3 and CR4 as shown with
asterisk in figure 2-24), Zener CR4 fires, raising the Q4 base voltage, turning Q4
on and causing Q5 base voltage to fall. Q5 cuts off and lets relay K1 drop out, to
indicate a SYNC alarm.

2-15. Interconnecting Box

a. Model No. 5TR1A2A1 or 1RE1A2A1.

(1) General. The interconnecting box 5TR1A2A1 or 1RE1A2A1 provides all the
interconnecting facilities between the nine various printed circuit boards and to
the two external connectors J11 and P2 of the synthesizer. J11 connects the synthe-
sizer to the transmitter fixed head or receiver fixed head chassis. P2 connects the
synthesizer to amplifier-frequency multiplier 5TR1A4 or 1RE1A4.

(2) Detailed circuit analysis (FO-4-3). A +28 vdc is applied through P2 pin 1
and resistors R2 through R13 to the AND gates of the programmed counters in digital
electronic counter 5TR1A2A6 or 1RE1A2A6 and digital electronic divider-counter 5TRl-
A2A5 and 1RE1A2A5. +28 vdc is also applied through R14 to the divide-by-3 (line 13)
circuits in rf oscillator 5TR1A2Y1 or 1RE1A2Y1. When a control line is coded, the
corresponding microswitch in the control-indicator is open; +28 vdc is applied
through a resistor in the base of the corresponding transistor gate and allows clock
pulse D to preset the counter to one state (pin 8). When a control line is not
coded, the corresponding microswitch in the control indicator is closed, grounding
the base of the transistor and preventing clock pulse D from getting through the re-
spective binary.

(a) Filter FL1 couples a portion of the rf output from modulator-oscillator
5TR1A2A2 or 1RE1A2A2 to the high speed divider in frequency divider 5TR1A2A4 or lRE-
1A2A4. The purpose of FL1 is to prevent any harmonics of the output signal from
being coupled from the high speed dividers back to the output line.

(b) The voltages available to operate{
transmitter from those in the receiver. The

Transmitter Duty: 28 vdc regul
(Supplied) +12 vdc regul

O vdc
26 V (N)

the synthesizer are different in the
voltages available are:

ated P2 pin 1
ated P2 pin 2

P2 pin 3
P2 pin 5

+28 vdc regulated P2 pin 37
Receiver Duty: +12 vdc regulated P2 pin 1, 37, 88

(Supplied) O vdc P2 pin 2
-12 vdc regulated P2 pin 3
26 V (N) P2 pin 5

(c) Two additional
sizer:

voltages are required be various circuits in the synthe-

Transmitter Duty: +20 vdc E29
+16 vdc E28
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Receiver Duty: +8 vdc E29
+4 vdc E28

(d) These additional voltages are provided by a power supply divider circuit;
CR1, CR3, R1 and R20. Zener diodes CR1 4.3 v and CR2 8.2 v provide regulation. The
4 volt discrepancy between the voltage available for transmitter duty as opposed to
receiver duty is taken care of by dropping the extra voltage in a load resistor.

(e) In order that the synthesizer can be interchanged between the transmitter
and receiver, the regulated dc return paths are connected to the respective power
supply ground points rather than being grounded within the unit.

(f) C1 C2, C4, C5 and C6 are used to filter the +12 v, +28 v, +20 v, O v and
+16 v supplies respectively. CR3, CR4, CR5 and R15 are part of the afc hold circuit
which is not used. R19 provides a termination for the rf divided by 8 signal.

b. Model No. 5TR1A2A11 or 1RE1A2A11 (A Model).

(1) General. Interconnecting box 5TR1A2A11 or 1RE1A2A11 provides all the
interconnecting facilities between the eight various printed circuit boards and to
the two external connectors J11 and P2 of the synthesizer. P2 connects the synthe-
sizer to chassis of the transmitter fixed head and the receiver fixed head. J11
connects the synthesizer to amplifier-frequency multiplier 5TR1A2 or 1RE1A2.

(2) Detailed circuit analysis (FO-4-4). A +28 vdc is applied through P2 pin 1
to the amplifier-monitor, signal data converter-storer, and rf oscillator boards.
The +28 vdc is also applied through P2 pin 37 to J11 pin 1 for use with the respec-
tive amplifier-frequency multiplier. A +12 vdc is applied through P2 pin 2 to the
modulator-oscillator and signal data converter-storer boards.

(a) Two additional voltages are required by various circuits in the synthe-
sizer; +11.5 vdc for the bandpass filter in frequency divider board, and +5 vdc for
all boards containing binaries and NAND gates. These voltages are provided by a
regulated power supply comprising Q1, A2, zener diode CR2, and switching diode CR1.
Resistors R3, R4, R5 and R6 supply bias and collector loads. Capacitors C1 C2, C3
and C4 filter the output voltage. The regulated +5 vdc is supplied to the rf oscil-
lator, frequency divider, electrical synchronizer, digital electronic counter and
digital electronic divider-counter boards.

(b) A portion of the rf output of the modulator-oscillator is fed through R1 ,
a 270 ohm resistor, to the frequency divider board. Control lines O to 12 inclusive
are fed through P2 to the digital electronic counter and digital electronic divider-
counter boards. The voltages mentioned above are those available from the
transmitter; for receiver use convert as follows:

Transmitter Test point
I

Receiver

o v P2-Pin 3 -12 v
+12 v P2-Pin 2 0 v
+28 v P2-Pin 37 +12 v
+5 v TP1 +5 v
NC P2-Pin 38 +11.5 v
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2-16. Amplifier-Frequency Multiplier 5TR1A4

a. General. Amplifier-frequency multiplier 5TR1A4 doubles the output frequency
of synthesizer 5TR1A2, and amplifies the resulting signal to the level required by
subsequent multipliers in the transmitter frequency generating chain.

b. Block Diagram Analysis (Fig. 2-25). The synthesizer modulated rf output in
the range of 47.5 to 72 MHz, at a level of +13 dbm±1 db, is first fed to low pass
filter FL1. The low pass filter attenuates all unwanted harmonics generated by the
synthesizer, which would otherwise lower the efficiency of the doubler circuit. The
rf signal at the output of the filter is applied to a 4 to 1 transformer T1, which
converts the unbalanced input line to a balanced input to fullwave rectifier CR1.
CR1 consists of a matched pair of hot-carrier diodes. Hot-carrier diodes provide
efficient frequency doubling with low spurious outputs. The rectifier output cir-
cuits are balanced to remove the fundamental input frequency and all odd harmonics.
Total conversion loss is about 8 db; the resulting signal, about +5 dbm, is applied
to three-stage, stagger-tuned, medium-power amplifier Q1, Q2 and Q3. The first
stage provides maximum gain at the low end of the output frequency range while the
second stage provides maximum gain at the high end of the output frequency range.
The third stage is a high power unit providing maximum gain at the middle of the
output frequency range. The overall gain of the amplifier is about 32 db. The out-
put of the amplifier is then coupled through a 1 db matching network to a tuned pi-
type rf filter which attenuates all unwanted harmonic signals. The output signal is
in the range of 95 to 145 MHz at 3 watts; output impedance is 50 ohms and fm devia-
tion of the output signal is doubled during the frequency doubling process. A dc
metering signal derived from the output signal provides an indication of the actual
power delivered to the frequency multiplier chain (DOUBLER metering).

c. Detailed Circuit Analysis (FO-4-38). The synthesizer rf output is fed through
P1-A1 to low pass filter FL1. FL1 is a conventional LC-type low pass filter mounted
on a separate board. The unbalanced output of FL1 is coupled through C8 to termi-
nals 1 and 2 of transformer T1. The output at pins 3 and 5 of T1 is balanced to
ground and stepped up in voltage four times to increase the efficiency of full wave
rectifier CR1. Balanced tuning circuits L6, C1O, R1 and 15, C9 and R2 eliminate the
fundamental frequency and all odd harmonics of the fundamental. Balance of the two
sides of the rectifier output is achieved by adjusting R1 and R2, the harmonic re-
ject potentiometers. The output of the rectifier at twice the input frequency is
then coupled through C11, C12, C14, 18 and C19 to the base of Q1, the first stage
amplifier. C14 is adjusted for optimum input matching to Q1. The output at the

Figure 2-25. Amplifier-Frequency
Block Diagram.

E L 5 R E 0 2 5

Multiplier 5TR1A4,
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collector of Q1 is coupled through C21 and L11 to the base of Q2. C22 adjusts the
low-frequency portion (95 to 120 MHz) of the first amplifier stage response. The
signal at the Q2 collector is then coupled through C26 and L13 to the base of Q3.
The response of the second amplifier stage is tuned by C26 and C27 to favor the high
frequency portion (120 to 145 MHz) of the input. The Q1 and Q2 base voltages are
derived from the +28 vdc line through voltage dividers R8, and R5 for Q1, and R8 and
R1O for Q2. The base voltage is filtered by C17 and C23 and kept constant at 6 v by
Zener diode CR3. The first two stages of amplification provide a controlled gain of
approximately 10 db each. Q3 is a high power wideband output amplifier. C31 ad-
justs the response of Q3 to the center portion of the input, and Q3 provides approx-
imately 12 db gain from 95 to 145 MHz.

(1) The signal at the collector of Q3 is coupled through L16 and C32 to a 1 db
resistive network, R13, R14, R15 and R16, for impedance matching before the signal
is filtered in a pi-type low pass filter, L18, L19, C35, L20, C36 and L21. C35 and
C36 adjust the response of the low pass filter. The filtered output at twice the
synthesizer output frequency is then coupled through C37 to output connector P1 pin
A2, for distribution to the frequency multiplying circuits in the transmitter rf
head.

(2) The metering signal (DOUBLER) is derived from the voltage drop across L15
in the Q3 collector circuit, rf filtered by C33 and FL1, then made available at P1
pin 10. The metering return line at P1 pin 12 is decoupled to rf by L17, R17 and
C34. Diode CR1 across the metering circuit provides scale expansion.

(3) The automatic level control (ale) circuit, pin diode CR2, is not used in
the Band I configuration. The alc line at P1 pin 17 is grounded in the transmitter
rf head. Resistor R18 is an additional load for the +12 vdc supply to the synthesi-
zer (P2 pin 2 of 5TR1A2) and has been located in this unit for convenience. The
+28 vdc supply to the amplifier-frequency multiplier is brought in directly through
connector P2 pin 37 and J11 pin 1 of synthesizer 5TR1A2 to P1 pin 1.

2-17. Alarm Control 5TR1A3

a. General. Alarm control 5TR1A3 operates in conduction with power monitor 6AR1-
A3 in the transmitter rf head to provide a warning in the form of both audible and
visual alarms when the transmitter output power falls 8 db below its normal level.
The alarm control operates from a center-tapped, 400 Hz supply.

b. Block Diagram Analysis (Fig. 2-26). Power monitor 6AR1A3 rectifies a sample
of the rf output signal into a dc signal. This low level dc signal (0.25 v minimum)
is used to keep one side of a low drift balanced dc amplifier (Q1-Q2) conducting and
alarm relay K1 energized. If the dc signal falls below the required compensating

Figure 2-26. Alarm Control 5TR1A3, Block Diagram.
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voltage, the dc ampli
alarm light to go on
output level is 8 db
the output level retu

fier is cut off and the relay drops out, causing the LOW POWER
and the buzzer to sound. The alarm condition comes on when the
below the nominal transmitter output level, and is cut off when
rns to about 6 db below nominal. The 2 db tolerance has been

introduced to prevent the relay from chattering when the power level remains stable
around the trip point.

c. Detailed Circuit Analysis (Fig. 2-27). The incoming dc signal derived from
power monitor 6AR1A3 is applied to the base of Q2. Q1 and Q2 are part of a balanced
dc amplifier of the long tail pair (R8) configuration. A compensating dc voltage is
applied to the base of Q1 from bias voltage divider R1 through R7. The 52 v supply
is derived from a center-tapped winding of the 400 Hz inverter transformer in power
supply 5TR1PS1. This ac supply is rectified by CR2 and CR3 and the resulting 12 vdc
is smoothed by R13 and C1 and stabilized by Zener diode CR4. R5, R6 and R7 in par-
allel with R3, allow for a very fine voltage adjustment of the Q1 base voltage by
restricting the adjustment range of R7. R7 is adjusted so that the base of Q1 is
somewhat positive with respect to ground. When no dc is available from the power
monitor, Q2 is cut off, and so are Q3 and Q4; relay K1 is de-energized and the alarm
condition is on, the buzzer sounds and the LOW POWER alarm light is on. As the out-
put power of the transmitter increases, Q2 begins to conduct and Q1 is cut off; this
action taking place at a sharply defined point of operation. At a certain point in
the conduction of Q2, Q3 starts to conduct; this happens when the voltage drop
across R9 is equal to the voltage drop across R1 plus an additional 0.5 v (Q3
emitter-base threshold). When Q3 conducts, Q4 also conducts and relay K1 becomes
enerqized; this is the normal position. When K1 is energized, the LOW POWER alarm
circuit is open. Resistor R1O, switched into and out of the Q3 circuit
contacts, provides some backlash to the circuit. CR1 protects Q4 agai
ductive spikes which can occur when Q4 cuts off.

2-18. Power Supply 5TR1PS1

 by relay K1
nst large in-

a. General. Power supply 5TR1PS1 provides all the requlated and unregulated dc
and ac supplies used throughout the transmitter fixed and rf heads. It provides
regulated supplies of 12 v and 28 vdc used in the active circuits, 26 vdc unregulat-
ed to relays and alarm circuits, 630 vdc unregulated plate supply to the power
amplifier tubes in the transmitter rf head, two supplies of 7.2 vdc unregulated for
the heaters of the power amplifier tubes, 128 vat, 400 Hz square wave for the blower
motor, and a 52 vat, 400 Hz square wave output for the alarm control. It also con-
tains current regulators for the cathode supply to power amplifier tubes in the
transmitter rf head. A high voltage surge protector is connected at the line input
to the unit. Further overvoltage protection is provided immediately following the
choke-input filter. The regulators are current-limited for short circuit protec-
tion. The inverters are provided with starting circuits to provide immediate opera-
tion upon application of power. Power supply 5TR1PS1 consists of four subassem-
blies, interconnected by a wiring harness.

b. Block Diagram Analysis (Fig. 2-28). The 115 vat, 47 to 420 Hz, source supply
is applied through a 5 ampere circuit breaker mounted on the front panel (AC POWER
ON/RESET), a surge suppressor (lightning arrestor) and a current limiter circuit, to
a full-wave bridge rectifier, CR1 and CR4. The current limiter circuit is by-passed
by relay contacts once the inverters are operating and 26 vdc supply is available.
The output of the rectifier is fed through a filter and a Zener diode to inverter
starting relay K1. K1 produces a momentary bias surge (20 milliseconds) when the
power supply is initially switched on. During the 20 milliseconds bias surge, the
operation of both the 400 Hz and 5 kHz inverter circuits is initiated.
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N O T E S

Figure 2-27. Alarm  Control 5TR1A3, Schematic Diagram.
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Block 
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(1) The 400 Hz and the 5 kHz inverter circuits each consist of a multi-winding
transformer and two switching transistors as part of an inverter-type power supply
circuit. Each inverter circuit also contains spike suppressor base current limit-
ers, switching speed-up diodes and short circuit protection devices.

(2) The 400 Hz inverter transformer, T1, provides a 128 v square wave at 400
Hz, to operate centrifugal fan 5A2B1. It also supplies a 26-O-26 v square wave at
400 Hz, to alarm control 5TR1A3; the transformer’s center tap is returned to ground
through a resistor in the 5TR1A3 unit.

(3) The secondary winding of 5 kHz inverter transformer T2 is tapped to provide
5 kHz square wave outputs from which the 26 v, 28 v, 12 v, 630 v and 7.2 vdc outputs
are derived.

(4) The 26 vdc nonregulated supply is derived from a secondary winding of
transformer T2, rectified and filtered before being fed to the output connector for
distribution. The 26 vdc supply also energizes relay K4, which in turn switches out
input surge limiting resistor R48. Relay K4 contacts also close the 28 vdc path
through high voltage relay K2.

(5) The 28 v and the 12 vdc regulated supplies are derived from a center-tapped
winding of T2 (36 vat), rectified and filtered to provide 36 vdc to the 28 v regula-
tor and 18 vdc to the 12 v regulator circuit. A pre-regulator supply (44 vat) for
the 28 v and 12 v regulators is taken across another center tapped winding of T2.
The pre-regulator circuits increase regulation efficiency by providing a second
feedback control voltage in parallel with the amplified feedback signal of the out-
put voltage. Host of the transistors throughout the transmitter operate from the
12 vdc supply, while high power transistors require 28 vdc regulated supply. 28 vdc
is also fed through relay K4 contacts to relay K2 and is grounded through the HV in-
terlock circuit in the transmitter rf head. When K2 is energized, the 200 vac
appearing across the primary winding of T2 is connected to the primary winding of
step-up transformer T3. The voltage developed acrocs the secondary winding of T3 is
rectified and filtered to produce the 630 vdc plate supply for the power amplifier
tubes.

(6) The two 7.2 v filament (heater) supplies for the driver and output tubes of
radio frequency amplifier 6AR1 are derived from another winding of T2. These vol-
tages are separately rectified and filtered before being fed to the tubes.

(7) The two cathode current supplies to the power amplifier tubes are similarly
derived from a T2 winding. The cathode current of the driver tube is regulated at
60 milliamperes, and the cathode current of the output tube is regulated at 160 mil-
liamperes, to extend tube life. These current regulating circuits are returned to
ground, through variable resistors mounted in the transmitter rf head. The variable
resistors are used to set the currents to their nominal values.

c. Detailed Circuit Analysis (FO-4-40).

(1) Input circuit (Fig. 2-29). The 115 volt ac, 47 to 420 HZ source is fed
through a 5 amp circuit breaker (AC POWER ON/RESET) , mounted on the front panel of
the transmitter fixed head, to contacts 6 and 7 of P1 of 5TR1PS1. The 115 v supply
is then fed through filters FL3, FL4, lightning arrestor E51 and current limiting
resistor R48 (in power supply subassembly 5TR1PS1A2) to full-wave bridge rectifier
CR1-CR4. The current limiting resistor R48 is by-passed by contacts A2 and A3 of
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relay K4, once the power supply is operating normally. Relay K4 is energized by the
26 v unregulated supply. The output of the bridge rectifier (96 v pulsed dc) is
then fed through filter L1 and C1 to relay K1 which is part of the starting circuit,
with Zener diode CR5 providing overvoltage protection.

(2) Starting circuit (Fig. 2-29). Starting relay K1, when initially energized
(power supply just switched on) , applies a start pulse to both inverter circuits
simultaneously. A momentary forward bias is applied to the bases of all four inver-
ter transistors, Q1 and Q2 (400 Hz inverter) to insure a positive start of oscilla-
tions. Charging current in C18 flows through the relay K1 coil to energize it. The
time constant of C18 and R4 is such that relay K1 remains energized for approximate-
ly 20 milliseconds. The start pulse is then applied through K1 contacts A1 and A2,
and R6 and R9 to the base windings of inverter transformers T1 and T2 respectively.
K2 is the HV supply interlock circuit. 28 volt dc regulated is applied to one side
of K2 coil through K4 contacts B1 and B2; the other side of the coil is connected to
ground through the HV interlock circuit in the transmitter rf head. K2 contacts B1
and B2 apply the 200 v from 5 kHz inverter transformer T2 to the input of high-
voltage transformer T3.

(3) 400 Hz inverter circuit (Fig. 2-30). Basically the inverter consists of
two switching transistors and a transformer having a square hysteresis loop, the
size and the shape of the hysteresis loop determining the oscillation frequency and
output voltage waveform. Base input windings on the primary side of the transformer
provide the feedback while the main primary winding provides the collector load.
The operation of both the 400 Hz and 5 kHz inverter circuits is identical; only the
400 Hz one will be described in detail. When voltage is applied to the circuit, 96
vdc appears between terminal 5 of inverter transformer T1 and the emitters of Q1 and
Q2 through resistor R5. Bias voltage is momentarily applied to Q1 and Q2 through
resistor R5. Bias voltage is momentarily applied to Q1 and Q2 bases from pin 16 of
transformer T1. When switching is initiated, voltages appearing at pins 15 and 17
of T1 are of opposite polarity, thus at any one time, the base of one transistor
will be forward biased while the other will be reverse biased. Due to the forward
bias, Q1 emitter-collector voltage will drop to about 1 volt. 96 v is developed
across winding 1-5 of T1 and by mutual inductance 96 v series aiding is developed
across winding 5-9 of T1; the resulting 192 v will appear at the collector of Q2,
which is cut off due to the reverse bias on its base. These voltage conditions
remain until transformer T1 saturates (a period of 1/500 second). As saturation is
reached, the flux lines collapse, inducing voltages in the opposite direction in all
windings. This causes a reversal of current and voltage relationships on Q1 and Q2;
Q2 will conduct and Q1 will be cut off. Since transformer T1 has a square hystere-
sis loop, the changeover in the direction of the voltage occurs very sharply and the
resulting output voltage is an ac square wave whose frequency is 400 Hz. When Q1
and Q2 are switching, CR2 and CR3 conduct the out-of-phase current which results
from the inductive load presented by centrifugal fan 5A2B1. CR1 and CR4 are speedup
diodes passing the negative-going collector voltages to the base of the transistor
which is being cut off. R1, R2, R7 and R8 limit the base drive in Q1 and Q2; C3 and
R6 form a surge-limiting circuit providing a load during the Q1 and Q2 switchover.
Resistor R5 provides short circuit protection. If the load current on either of the
two output lines becomes excessive, a higher than normal collector current will flow
through the conducting transistor, causing a high voltage drop across R5. This will
bias off both transistors, shutting down the inverter. The inverter cannot start
again until the power supply has been turned off and then back on because it re-
quires a start pulse to initiate the switching action. C2 helps to speed up the
switching action by effectively shorting out R8 during switch-over. The 128 v

2-53



TM 11-5820-540-30

Figure 2-30. Power Supply, 400 Hz
Simplified Schematic

E L 5 R E 0 3 0

Inverter Circuit,
Diagram.

ac, 400 Hz square wave for centrifugal fan operation is taken from terminals 4 and 6
of transformer T1, and fed through filter connectors FL5 and FL6 to the centrifugal
fan. 26-O-26 vac for LOW POWER alarm operation is taken from secondary winding 11,
12 and 13 of T1 and fed through filter connectors FL7, FL8 and FL9 to alarm control
5TR1A3.

(4) 5 kHz inverter circuit (Fig. 2-31). The 5 kHz inverter circuit consists of
switching transistors Q3 and Q4. A 96 vdc starting pulse is applied through R9 to
pin 4 of inverter transformer T2. The operation of the 5 kHz inverter is identical
to the operation of the 400 Hz inverter except that it requires additional protec-
tive components due to its greater load and higher frequency. Choke L2 speeds up
the switching of the transistors. CR14 provides an additional protection against
current flowing in the reverse direction through transistor Q3 or Q4. Zener diodes
CR8 and CR9 limit the transient voltage spikes appearing at the collector of the cut
off transistor. CR7 and CR1O direct the current through Zener diodes CR8 and CR9.
CR6 and CR11, with CR5 and CR12, are also used to speed up switching in order to
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EL5RE031

Figure 2-31. Power Supply, 5 kHz Inverter Circuit,
Simplified Schematic Diagram.
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minimize heat dissipation. R12, a 0.332 ohm resistor, provides short circuit pro-
tection. If the load current on the 600 v line becomes excessive, a higher than
normal current will flow through the conducting transistor, causing a high voltage
drop across R12. This will bias both Q3 and Q4, shutting down the inverter. The
inverter cannot start again until the power supply has been turned off and back on
again. A 200 vat, 5 kHz square wave output is taken from across the primary winding
1-3 of inverter transformer T2 and fed through relay K2 contacts B1-B2 to the pri-
mary winding of high voltage (HV) step-up transformer T3. Voltage taken from across
secondary winding 13-14 is rectified in CR26, smoothed by C20 (15 uf), and filtered
by L1 and C4, to produce the 26 vdc unregulated supply for alarms, relays and indi-
cator lamp operation. 26 vdc is fed directly to the relay K4 coil; K4 contacts
close to bypass surge limiting resistor R48, when the power supply is operating nor-
mally (fig. 2-29). 26 vdc unregulated is also fed through filters FL16 and FL17 to
P1 pins 4 and 5 for distribution. Two separate 16 vac peak, center-tapped, 5 kHz
square wave outputs are taken across windings 7, 8, 9, and 10, 11, 12, of transform-
er T2 and fed into power supply 5TR1PS1PS1 ((5) below). The 36 vat, 5 kHz square
wave output taken from pins 15, 16 and 17 of T2 is fed into full wave rectifier CR16
and supplies 36 v and 18 v to the 28 v and 12 v regulator circuits in voltage regu-
lator amplifier 5TR1PS1AR1. A 44 vac output voltage taken across pins 18, 19 and 20
is rectified and is then used as the pre-regulator supply for the 28 vdc regulated
supply.

(5) 7.2 vdc power supply. The 16 vac peak voltage across pins 7, 8 and 9 of
transformer T2, center-tapped, is connected to terminals E1 E3 and E2 respectively
(fig. 2-32) of power supply 5TR1PS1PS1 where it is rectified by CR1 and CR2; the dc
voltage obtained is smoothed by C1 and fed through current limiting resistor R1 to
one side of dual filter FL29 for further filtering. The 7.2 v at the output of FL29
is then fed through filters FL22 and FL23 and P1 pins 20 and 21 respectively as fil-
ament voltage to the driver tube of radio frequency amplifier 6AR1. Similarly, the
16 vac peak voltage across pins 10, 11 and 12 of transformer T2 is rectified by CR3
and CR4, smoothed by C2, current limited by R2, filtered by FL29 and fed through
FL20 and FL21 and P1, pins 22 and 23, to the output tube of radio frequency amplifi-
er 6AR1 as filament voltage.

(6) 28 vdc and 12 vdc regulator circuits (Fig. 2-33). The 30 v, 5 kHz square
wave output across pins 15-17 (fig. 2-31) is rectified by CR16, smoothed by C19,
filtered by L4 and C9 and applied simultaneously to the collectors of Q5 and Q6
(fig. 2-33). A reference voltage of 12.4 v is taken across Zeners CR7 and CR8 to
the base of Q4. The reference voltage in the base circuit of Q4 is reflected in the
Q2 emitter circuit by emitter-follower action to provide base-emitter temperature
compensation for Q2. A sample of the 28 v output voltage, taken through voltage
divider R9, R1O, R11 is fed to the base of Q2 and provides the feedback voltage; Q2
and Q4 being in effect a differential dc amplifier circuit, the Q2 collector current
is a function of the difference between the output voltage and the reference vol-
tage. A decrease in the difference between the two voltages will cause a decrease
in the Q2 collector current which in turn will cause an increase in the base current
into Q6 and decrease the voltages across Q5 to maintain a constant output voltage.
A 44 v, 5 kHz square wave output across pins 18, 19 and 20, is fed to rectifiers CR1
and CR2 (fig. 2-33). The 44 vdc obtained is filtered by C1 and R4, and clamped 6.2
v above the 28 v regulated output voltage by Zener diode CR4. This pre-regulator
voltage is fed through R6 to the base of Q6, effectively adding a second feedback
line in parallel with the amplified feedback to increase regulator efficiency. R1
and CR5 provide shortcircuit protection, a reduction in load resistance causing an
increase in the current in the 28 vdc regulator and an increase in the voltage drop
across resistor R1. If the load resistance decreases beyond a critical value, Zener
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diode CR5 (3.9 v) will fire and drop the voltage at the base of Q6, holding Q6.and
Q5 at a constant series current of about 2.2 amperes. Removing the short condition,
the circuit reverts again to a constant voltage regulator.  The operation of the 12

E L 5 R E 0 3 2

Figure 2-32. Power Supply, 7.2 Vdc Heater and Constant Current Supplies,
Simplified Schematic Diagram.
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vdc regulator circuit is identical to the operation of the 28 vdc regulator. An 18
v, 5 kHz square wave input to the 12 v regulator is taken from the center tap of the
15-16-17 winding of inverter transformer T2. The 6.2 v reference voltage is taken
across Zener CR8 (in the 28 vdc regulator) and fed to the base of Q5; a sample of
the output voltage is taken through voltage divider R12, R13 and R14 and fed to the
base of Q3. The pre-regulator voltage is derived from the 28 vdc regulator circuit
and fed to the base of Q1 through R5. Resistor R2 and diode CR6 (3.9 v), Zenerdi-
ode, provide short circuit protection for the 12 v regulator. Metering for the 28
vdc regulated supply is derived through voltage divider R16, R17 and R18. R17 is a
meter calibration potentiometer and is calibrated to give midscale indication at
+28 vdc. Similarly, voltage for the 12 vdc regulated supply is obtained through
voltage divider R19, R20 and R21. The meter common line for the 12 v and 28 v sup-
plies is taken across Zener diode CR9 to provide an expanded scale on the meter.

(7) High voltage (620 v) power supply (Fig. 2-34). A 200 v, 5 kHz square wave
output, taken across pins 1 and 3 of inverter transformer T2, is fed to contact B1
and B2 of relay K2. 28 vdc to the coil of relay K2 is taken from the voltage regu-
lator amplifier and applied through P1-J1 pin C and contacts B1 and B2 of starting
relay K4 (energized by 26 v), to the coil of relay K2. The return path of the 28
vdc is through FL25 and P1-26 to the HV interlock circuit in the transmitter rf head
and back through P1-33 to the 28 vdc common point at terminal 2 of FL28. When K2 is
energized, the 200 v, 5 kHz square wave is applied through contacts B1 and B2 to the
primary winding of step-up transformer T3, of approximately 3:1 voltage ratio. The
voltage across the secondary winding of T3 is rectified by CR15 and filtered by C6,
L2. +630 vdc is then made available through P1-A1 to the two power amplifier tubes
in the transmitter rf head. The 630 vdc line through voltage divider R16, R15, R17
and R18 is fed to the meter through Zener diode CR13 and R14. The meter is cali-
brated for midscale indication at 630 v; the meter is on an expanded scale and a 10
percent change in the meter reading represents a 30 v change in the high voltage
supply.

EL5RE034

Figure 2-34. Power Supply, 630 Volt Dc Supply, Simplified Schematic Diagram.
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(8) Constant current supplies (Fig. 2-32). Two constant current circuits regu-
late the cathode current of the driver amplifier tube at 60 ma maximum and that of
the output tube at 160 ma maximum. 12 vdc regulated voltage from the 12 vdc regula-
tor (J1 pin J) is fed into power supply subassembly 5TR1PS1A2 through E30 and appli-
ed simultaneously to the bases of two high voltage transistors, Q13 and 14, through
R21 and R20. The 6.2 v Zener diode CR15 and the emitter resistance keep the base
current to Q13 basically constant. The collector of Q13 is connected to the driver
amplifier cathode through FL23 and P1-21; the emitter is returned to ground through
R23, FL19, P1-24 and a variable resistor (R1) in the transmitter rf head (para 2-
27). The value of R23 is chosen to provide the proper nominal value of cathode cur-
rent; variable resistor R1 in the transmitter rf head is used for fine current ad-
justment. Similarly, 3.3 v Zener diode CR14 and the emitter resistance keep the
base current of Q14 constant. The collector of Q14 is connected to
plifier cathode through FL21 and P1-23; the emitter is returned to
R19, FL18, P1-25 and variable resistor R2 in the transmitter rf head.

(9) Elapsed time indicator supply. The elapsed time indicator
SUPPlY is fed a constant current of about 6 microamperes derived from

the output am-
ground through

in the power
CR15 and R22.

The” voltage at Zener CR15 is also fed through FL27 and P1-28 to the elapsed time in-
dicator in circuit card assembly 6AR1A2A2 in the transmitter rf head (para 2-27).

2-19. Transmitter Metering Circuits

a. General. The transmitter metering circuits include a 100 microampere meter
which is connected into the various metering circuits by a 12 position rotary selec-
tor switch. The transmitter metering circuits indicate power and voltage levels
throughout the transmitter fixed and rf heads. The meter has a O to 100 scale with
a green band in the center. For any selector switch position marked with a green
dot, a normal reading should fall within the green band. Each metering circuit has
its own meter-matching circuit and a calibration resistor so that the one meter can
serve to indicate various power and voltage ranges. The following chart lists the
metering circuits of the transmitter and their normal indications. 

Switch position

Osc
DOUBLER
MULT
DRIVER
PWR OUT
REFL PWR
12 CH PCM
24 CH PCM
FDM
12 v
28 V
600 V

50

*Transmitter deviation

2-60

Scale reading
Normal value (percent fullscale deflection)

25 milliwatts
3 watts

600 milliwatts
3 watts

25 watts
Zero power

180 kHz peak*
300 kHz peak*
75 kHz peak*
12 vdc
28 vdc

630 vdc

50

30-40
20-60

70
Less than 20

50
50
50
50
50
50
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b. Metering Circuits Analysis (Fig. 2-35). For point-to-point tracing of meter-
ing circuits refer to FO-4-43.

(1) OSC metering (position 1). The OSC meter position gives an indication of
the electrical frequency synthesizer 5TR1A2 output signal as it is fed into
amplifier-frequency multiplier 5TR1A4. A portion of the rf signal at the output of
modulator-oscillator 5TR1A2A2 (para 2-4) is rectified by CR4 to produce a dc meter-
ing signal proportional to the rf signal. The dc signal then fed through R20 and
FL1, through interconnecting box 5TR1A2A1 in the synthesizer, to monitor panel 5TR1-
A1 and meter selector switch S1-A (meter positive). The meter return is grounded at
interconnecting box 5TR1A2A1. A 50 percent of full scale reading on the meter is
equivalent to approximately 25 milliwatts rf output. 40 to 60 percent full scale de-
flection represents approximate synthesizer outputs from 15 to 40 milliwatts. In
synthesizers equipped with modulator-oscillator 5TR1A2A2, Part No. CMC 220-800159-
000, a portion of the rf signal at the output of the modulator-ocsillator is recti-
fied by CR6 to produce a dc metering signal proportional to the rf signal. The dc
signal is then fed through R31 and FL5 to the meter selector switch and meter. Syn-
thesizer outputs of 20 to 40 milliwatts (+12.5 to +15.5 dbm) will produce 20 to 80
percent full-scale deflection on the meter (fig. 2-36).

(2) DOUBLER metering (position 2). The D0UBLER metering signal is derived from
the rf output of amplifier-frequency multiplier 5TR1A4 (para 2-16) which is used to
drive frequency multiplier assembly 6A2. The signal is derived from the voltage
drop across L15 in the Q3 collector circuit, R4, filtered by C35 and FL1, and fed
through interconnecting box 5TR1A2A1 to panel monitor 5TR1A1 and meter selector
switch S1-A (meter positive). The metering return line is fed through the intercon-
necting box to amplifier-frequency multiplier 5TR1A4 and is decoupled by C34, R17
and L17. The meter circuit has been calibrated to give a 50 percent of full scale
reading for a nominal 3 watt output signal. 40 to 60 percent of full scale deflec-
tion represents approximately a 2 to 3.5 watt output signal.

(3) MULT metering (position 3). The MULT metering signal gives an indication
of the multiplier drive signal (output of frequency multiplier assembly 6A2) fed in-
to radio frequency amplifier 6AR1. A portion of the rf signal at the output of
electronic switch 6A1 (para 2-24) is rectified by CR1 to produce a dc metering sig-
nal proportional to the rf signal. The dc voltage is fed through distribution box
5A2A1 to monitor panel 5TR1A1 and meter selector switch SA-1. Diode CR1 across the
MULT metering circuit is used to limit the dc voltage fed into the meter. A 600
milliwatt output signal will provide 30 to 40 percent of full scale indication.

(4) DRIVER metering (position 4). The DRIVER meter position gives an indica-
tion of the rf output of the driver stage of radio frequency amplifier 6AR1, which
is fed into the output stage (para 2-27). Variations in cathode voltage of the out-
put tube, corresponding to changes in rf drive, are metered through resistor R4 of
circuit card assembly 6AR1A2A2 and through the distribution box to monitor panel 5T-
R1A1 and meter selector switch. 3 to 8.5 volts on the output cathode provide a 20
to 60 percent of fullscale reading which corresponds to 2 to 3 watts drive.

(5) PWR OUT metering (position 5). The PWR OUT metering circuit measures for-
ward (output) power at the output of the transmitter rf head (PWR OUT connector). A
thermistor-controlled detector circuit in series with the forward power coupling
probe produces a dc signal proportional to forward power going through power monitor
6AR1A3 (para 2-27). The dc signal is fed through the distribution box to the panel
monitor and meter selector switch (meter positive). The meter common is returned to
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Figure 2-35.
Transmitter 

Metering 
Circuits 

(Part 
No. 

CMC 
456-260),

Simplified Schematic Diagram.
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ground at the transmitter rf head through the distribution box. A 5,000 ohm resis-
tor, R3, in the monitor panel is connected across the PWR OUT metering signal when
the meter selector switch is set to every position except position 5. This is done
to make sure that the monitor signal, which is also used to operate alarm control
5TR1A3, is not disturbed when switching the meter selector to other positions. A
100 percent of full scale meter reading indicates a 40 watt output, while a nominal
25 watt output will produce a 70 percent meter indication.

(6) REFL POWER metering (position 6). The REFL POWER metering gives an indica-
tion of reverse power at the output of the transmitter rf head. The rf signal from
the reverse power coupling probe is detected, producing a dc signal proportional to
reflected power through power monitor 6AR1A3. A thermistor connected across the de-
tector circuit provides a constant output independent of temperature. The resulting
dc signal is fed through distribution box 5A2A1 into monitor panel 5TR1A1 and meter
selector switch S1-A (meter positive). The negative side of the meter returns
through S1-B and the distribution box to the meter common point in the transmitter
rf head. Normal indication is almost zero power (less than 10 percent of full scale
deflection) although as much as 4 watts (approximately 20 percent of full scale) is
acceptable.

(7) 12 CH PCM, 24 CH PCM and FDM metering (positions 7, 8 and 9 respectively).
These metering circuits are derived from the modulation signal (combined baseband
and order wire) before it is fed to electrical frequency synthesizer 5TR1A2. A por-
tion of the composite signal from video monitor 5TR1A5A1 (para 2-2) is amplified,
then rectified to produce the dc voltage for metering functions. This dc voltage is
fed through separate meter calibration circuits (R8 and R11; R7 and R1O; R9 and R12)
directly into monitor panel 5TR1A1 selector switch S1-A. The meter return circuit
is brought back into amplifier-monitor 5TR1A5 and connected to ground through 220
ohm resistor R5. Meter calibrating potentiometers R11, R1O and R12 are adjusted to
indicate 50 percent of full scale deflection for the following transmitter devia-
tions:

R11 12 CH PCM 180 kHz peak-to-peak
R1O 24 CH PCM 300 kHz peak-to-peak
R12 FDM 75 kHz peak-to-peak

ELECTRICAL FREQUENCY SYNTHESIZER 5TR1A2

TC METER

EL5RE036

Figure 2-36. Transmitter Metering Circuit for Electrical Synthesizer 5TR1A2
Equipped with Modulator-Oscillater 5TR1A2A2, (Part No. CMC
220-800159-000) , Simplified Schematic Diagram.
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(8) 12 v and 28 v metering (positions 10 and 11 respectively). The 12 v and
28 v metering voltages are derived from the corresponding outputs of voltage regula-
tor amplifier AR1 of power supply 5TR1PS1 (para 2-18). Metering voltage for the 12
volt dc regulated supply is derived through the R19, R20 and R21 voltage divider;
metering voltage for the 28 volts dc regulated supply is derived through the R16,
R17 and R18 voltage divider, R20, METER CAL 12 V and R17, METER CAL 28 V, adjust the
12 volt dc and 28 volt dc voltage dividers respectively for a 50 percent of full
scale meter indication. The meter is on an expanded scale; a 10 percent meter vari-
ation represents 200 millivolts change in the 12 volt dc supply voltage, and 300
millivolts change in the 28 volt dc supply voltage. Both metering voltages are re-
turned to the same meter common point in voltage regulator amplifier 5TR1PS1AR1,
which is clamped by 6.2 volt Zener diode CR9.

(9) 600 v metering (position 12). The 600 v metering circuit provides an indi-
cation for the 630 volt dc high-voltage supply to radio frequency amplifier 6AR1.
The metering circuit is derived from the 630 volt dc line (para 2-18) through vol-
tage divider R16, R15, R17 and R18. Voltage is adjusted by METER CAL control R20.
CR13 and R14 expand the metering scale, so that zero deflection represents 200 volts
and fullscale deflection represents 1,000 volts when metering the 630 v supply. The
metering circuit is calibrated to indicate 50 percent of full scale deflection for
630 volts dc. The 630 volt metering circuit is fed through distribution box 5A2A1
wiring to monitor panel 5TR1A1 and selector switch S1-A. The metering return point
is in power supply 5TR1PS1.

2-20. Transmitter Alarm Circuits

a. General. The transmitter alarm circuits are part of the monitor panel (front
panel of the transmitter fixed head) and work in conjunction with alarm circuits in
the transmitter fixed head (electrical frequency synthesizer 5TR1A2, power supply
5TR1PS1 and alarm control 5TR1A3) and the transmitter rf head (radio frequency am-
plifier 6AR1). Monitor panel 5TR1A1 includes an alarm control 5TR1A1A2, four indi-
cator lights (AC POWER, SYNC, OVERHEAT, LOW POWER), one buzzer and three manually
controlled switches (AC POWER: ON/RESET-OFF, BUZZER OFF and BUZZER OFF-ALARMS NOR-
MAL ) . The buzzer sounds when a change of state occurs in the associated alarm cir-
cuits. A fault will cause the buzzer to sound. Pushing the BUZZER OFF switch
silences the buzzer. Once all fault conditions are corrected the buzzer will sound
again until the BUZZER OFF switch is operated again. A built-in switch (BUZZER OFF-
ALARMS NORMAL) enables the buzzer to be muted and the lamps dimmed during testing,
alignment and correction of fault conditions.

b. Indicator and Alarm Circuits Description (Fig. 2-37). For point-to-point
traiing of indicator and alarm circuits refer to FO-4-43.

(1) Ac input circuit. When ac power is switched on, +26 volts dc from power
supply 5TR1PS1 is fed through J3-4 into monitor panel 5TR1A1 and through E11 of
alarm control 5TR1A1A2 to one side of buzzer control relay K1 and to the AC POWER
indicator lamp DS1 (through R7 and E14). The 26 vdc is returned through J3-5 to the
power supply. 26 volts dc is also applied through the BUZZER OFF-ALARMS NORMAL
switch (in the ALARMS NORMAL position) to one side of the buzzer. The dc path
through the buzzer is closed through contacts of buzzer control relay K1. At the
same time, regulated +28 volts dc from the power supply is fed into the monitor
panel through J3-1 and made available through E13 to alarm control 5TR1A1A2.
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Figure 2-37.
Transmitter Alarm Circuits, Case 5A2 (CY-4637/GRC-103 (V) ),
Simplified 

Schematic 
Diagram.
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(2) SYNC (aft) alarm. The SYNC alarm alarm circuit operates in conjunction
with SYNC alarm relay K1 in amplifier-monitor 5TR1A2A3 (para 2-14) of electrical
frequency synthesizer 5TR1A2. Normally the SYNC alarm relay is held operated by the
afc SYNC alarm detector circuit and by the clock pulse D integrator. The SYNC alarm
relay drops out when afc voltage is outside limits or when clock pulse D is absent.
Operating range of the SYNC alarm relay (2.5 to 10 volts on the afc line) is esta-
blished by Zener diode CR3 and potentiometer R3 and corresponds to the frequency
control limits in the VCO. When the afc voltage is outside these limits, the afc of
the vco has been lost, and the SYNC alarm relay drops out. Normally, clock pulse D,
fed into the integrator, holds control transistor Q4 operated and in turn relay con-
trol transistor Q5 at cut-off and the SYNC relay operating. In the absence of clock
pulse D the relay drops out. When the relay is de-energized, the 26 volt dc path
through SYNC indicator lamp DS3, buzzer control relay K1 and control diode CR1 in
alarm control 5TR1A1A2 is closed. (The circuit passes through the monitor panel ,
through interconnecting box 5TR1A2A1 in the synthesizer to the amplifier-monitor
board). The SYNC lamp illuminates and the buzzer sounds; the BUZZER OFF switch si-
lences the buzzer while the alarm condition is being corrected. When normal operat-
ing conditions are restored, the SYNC alarm relay in the synthesizer is energized,
and opens the 25 volt dc path. The SYNC indicator lamp is out, the buzzer relay
drops out, but the buzzer sounds. Pushing the BUZZER OFF switch restores the buzzer
circuits to normal.

(3) LOW POWER alarm. The LOW POWER alarm circuit operates in conduction with
alarm control 5TR1A3 (para 2-17) and is an indication that transmitter power output
is below the minimum set level. When the transmitter output is 8 db below the nor-
mal output level, the dc amplifier in alarm control 5TR1A3 is cut off, causing the
LOW POWER alarm control relay to drop out and close the 26 volt dc path through LOW
POWER indicator light DS2, buzzer control relay K1 and control diode CR3. The alarm
circuit is connected directly to alarm control 5TR1A3. Operation of the LOW POWER
alarm lamp and the buzzer circuit is the same as in the SYNC alarm circuit.

(4) OVERHEAT alarm. OVERHEAT alarm circuit operates in conjunction with pres-
sure differential monitor 5A2A2 and is an indication of a failure in the air cooling
system. If the centrifugal fan ceases to operate, or fails to move the required air
volume, the difference of pressure between the ends of the sensor switch causes the
switch contacts to open; this in turn causes the direct current amplifier to operate
and provide a return path for the +28 vdc through DS4, and for the +26 vdc through
the coil of buzzer control K1.

NOTE

Transmitters using case CY-4637A/GRC-103(V) (fig. 2-
38) have the overheat alarm replaced by a temperature
sensor located on the transmitter output tube and a
control monitor temperature sensor assembly 5A2A2.

The control monitor temperature sensor consists of
three printed wiring boards assembled in a metal hous-
ing with a top cover. The unit comprises a voltage
regulator, fail-safe circuit, alarm, trip and motor
speed control circuits.

The voltage regulator provides regulated outputs of 15
vdc and 6.2 vdc from the general purpose 26 vdc supply
of the radio set.
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The alarm, trip and fail-safe circuit generate the
alarm and trips signals from the temperature sensor
input and provides control information to the motor
speed control. It contains a fail safe circuit to
guard against short or open circuit of the temperature
sensor.

The motor speed control provides a variable duty ratio
400 Hz bipolar signal to the blower motor for speed
control.

(5) BUZZER OFF - ALARMS NORMAL switch. In the BUZZER OFF posit
removes the +26 volt dc supply from the buzzer circuit and connects
resistors R1, R4 and R5 in series with the SYNC, OVERHEAT and LOW
lamps respectively.

2-21. Control Monitor, Temperature Sensor Assembly 5A2A2

on, this switch
220 ohm dimming
POWER indicator

a. General. The control monitor, temperature sensor assembly 5A2A2 is located in
the rf head compartment behind the blower. This unit receives its input from the
temperature sensor located on the output tube of the power amplifier. From that
sensor this unit provides an overheat alarm output, an overheat trip output and a
variable power output of 400 Hz to drive the blower at variable speeds according to
the transmitter cooling requirement. It also provides a fail safe feature to allow
the blower to run full speed with a defective sensor circuit. The control monitor,
temperature sensor replaces the differential pressure monitor 5A2A2 in older sys-
tems. It gives increased blower life and reduces noise and features a more reliable
and positive alarm and an overheat trip function.

b. Circuit Description (FO-4-42 and Fig. 2-38). Regulated 6.2 v and 15 v output
from the voltage regulator section of the driver control motor 5A2A2A2 is used to
drive the sensor circuits A1 A2 and A3. A2B controls the overheat trip, A2A con-
trols the overheat alarm and A1 controls the speed of blower motor A2B1. The over-
heat sensor across C2 of 5A2A2A1 provides a variable resistance as follows:

Temperature
/

Sensor resistance

+200°C 426 ohms
+180°C 656 ohms
+25°C 100,000 ohms
-20°c 10.1 M ohms

The sensor has a negative temperature coefficient and is incorporated into a bridge
arrangement which, according to the resistance of the sensor, gives the following
conditions:

(1) At very cold temperatures (-20°C) the overheat alarm will operate initially
but will extinguish after about two minutes as the system warms up. This is a re-
sult of the fail safe” alarm system which detects an apparent open circuit sensor
(10 M ohms). As the tubes warm up this high resistance decreases and the alarm dis-
appears. This effect is deliberate since the “fail-safe” alarm causes full power to
be applied to the blower to force it to start at very low temperatures. The open
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circuit/high resistance condition across C2 turns off A3A, turns on A3C, A3B, Q3 and
Q2 of 5A2A2A1 to operate the overheat alarm. The speed control voltage from A1 of
5A2A2A1 varies from a high state (blower low speed) to a low state (blower high
speed) depending on the overheat sensor resistance across C2 of 5A2A2A1. The 400 Hz
square wave from T1 of 5A2A2A3 thru Q1, provides a ramp waveform to A1A and A1B,
(half cycle passing thru A1A and half cycle passing thru A1B). This ramp waveform
is sliced at A1 according to the high or low condition from A1 of 5A2A2A1. This
produces timing pulses with a variable delay controlled from the alarm and trip cir-
cuits of 5A2A2A1. The delayed pulses are used to trigger the two silicon controlled
rectifiers Q1 and Q2 of 5A2A2A3 to give a variable duty square wave drive to the
blower motor.

(2) As the system begins to heat up the resistance of the overheat sensor gra-
dually decreases and causes a reduction of the blower speed by increasing the vol-
tage from A1 of 5A2A2A1 to A1A and A1B of 5A2A2A2. At the same time, the lower re-
sistance gives a low condition from A2A of 5A2A2A1 turning off Q2 and cutting off
the overheat alarm.

(3) Should a fault condition exist causing the temperature of the tubes to con-
tinue to rise, the sensor resistance continues to decrease until at 180°C to 200°C
the resistance of the sensor decreases to approximately 656 ohms. At this resis-
tance A2A turns on Q2 and operates the overheat alarm. At the same time the voltage
thru A1 to the speed control circuits for the blower drops causing a corresponding
increase in the power to the blower motor, increasing blower speed.

(4) Should the temperature continue to climb over 200°C (sensor resistance low-
er than 426 ohms) the trip circuit A2B of 5A2A2A1 operates. Q1 turns on operating
relay K1. Relay K1 cuts off the 26 v supply which in turn cuts off the 600 volt
supply to the tubes. With no 600 volts applied to the tubes and the blower oper-
ating at full speed the system will cool down.

NOTE

With the 600 v cut off and the overheat alarm on and the
blower running full speed the system will cool down.
When the temperature drops below 190 C, 600 volts is
automatically reapplied. The system will  function
normally but will flip from alarm to no-alarm condition
as the system heats up and cools down. Corrective
action should be taken immediately (see
troubleshooting). Should the 600 v not reset when the
set cools down, switch off the system and switch it on
again. This will reset the overheat trip.

NOTE

The 600 volts applied via the sensor to the tube insures
that if the sensor is not securely clipped to the tube,
the system will not function.
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Section II. AMPLIFIER-FREQUENCY MULTIPLIER AM-4320/GRC-103(V),
AM-4320A/GRC-103(V) AND AM-4320B/GRC-103(V)

2-22. Functional Block Diagram Analysis of Amplifier-Frequency Multiplier AM-4320/
GRC-103(V), AM-4320A/GRC-103(V), and AM-4320B/GRC-103(V) (Fig. 2-39 and 2-40)

This section refers to all three units unless other-
wise specified. The rf output of amplifier-frequency
multiplier 5TR1A4 is fed into Amplifier Frequency Mul-
tiplier AM-4320/GRC-103(V) (or Amplifier-Frequency
Multiplier AM-4320A/GRC-103(V) or AM-4320B/GRC-103(V))
(transmitter rf head) where it is multiplied and
amplified to produce the final transmitter frequency.

a. The transmitter rf head multiplication circuits provide the final multiplica-
tion required to produce the selected transmitter channel frequency. The multipli-
cation circuits provide the final multiplication required to produce the selected
transmitter channel frequency. The multiplication circuits are made up of electro-
nic switch 6A1 and frequency multiplier assembly 6A2. The electronic switch is a
double-pole, double-throw rf switch which routes the rf signal to and from the
times-2 or times-3 circuits of the frequency multiplier assembly. Electronic switch
6A1 is programmed by control line 13 from control-indicator 6A3. Frequency multi-
plier assembly 6A2 contains two separate varactor multiplier circuits, one acting as
a frequency doubler, the other as a frequency tripler. The output harmonic frequen-
cy of the frequency multiplier assembly is selected in a tuned circuit which is
ganged to the front panel XMTR TUNE control. The output frequency in the range of
220 to 405 MHz is then fed back into the electronic switch, which routes the signal
through rf power level control 6A5 and filter assembly 6AR1A2A4 to the first stage
(driver) of radio frequency amplifier 6AR1 (when radio is equipped with Amplifier-
Frequency Multiplier AM-4320A/GRC-103(V) or AM-4320B/GRC-103(V), the output signal
from the electronic switch is fed directly to the first stage (driver) of radio fre-
quency amplifier 6AR1).

b. The amplification of the output signal to the final output level is done in
two-stage radio frequency amplifier 6AR1 (driver and output power amplifier), using
two planar triodes type 7211 mounted within tuned quarter-wave resonant cavities.
Tuning of the driver and output cavities is manually accomplished by the XMTR TUNE
control on the transmitter rf head front panel; power peaking is accomplished by the
PWR OUT PEAK control. Rf power level control 6A5 controls the rf power fed into the
driver stage of the radio frequency amplifier to prevent the output stage from oper-
ating at an excessively high rf level.

c. Radio frequency amplifier 6AR1 amplifies the final frequency of the transmit-
ter–to a level of approximately 30 watts. After rejection of harmonics in low pass
filter 6AR1A2FL1, the output signal is delivered through power monitor 6AR1A3 and
the PWR OUT connector to Amplifier-Converter AM-4316/GRC-103(V) (Amplifier-Converter
AM-4316A/GRC-103(V) when radio is equipped with Amplifier Frequency Multiplier AM-
4320A/GRC-103(V) or AM-4320B/GRC-103(V)) (receiver rf head) and through a duplexer,
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to the antenna system. A sample of the output power taken by power monitor 6AR1A3
is rectified and supplied to alarm control 5TR1A3 which provides a warning when the
rf signal power falls about 8 db below the nominal output level.

d. Control-indicator 6A3 (channel selector) is an electro-mechanical device oper-
ating in conjunction with electrical frequency synthesizer 5TR1A2 and amplifier-
monitor 5TR1A5 in the transmitter fixed head, and with the frequency multiplication
circuits in the transmitter rf head. The channel selector provides 13 control
lines, but only 11 are used in this configuration, lines 1 and 2 being left open.
Lines 3 to 13, inclusive, program the frequency synthesizer. Line 13 is also asso-
ciated with the times-2 or times-3 multiplication factor changeover, thus control-
ling the variable attenuators in amplifier-monitor 5TR1A5 and the changeover switch-
ing in electronic switch 6A1. Channel selection is achieved manually by the XMTR
CHANNEL control; a decade counter ganged to the XMTR CHANNEL control provides a vi-
sual indication

e. An overall

2-23. Frequency

of the selected channel.

schematic diagram of the transmitter rf head is shown in FO-4-46.

Multiplication Circuits

a. General. The frequency multiplication circuits consist of electronic switch
6A1–and frequency multiplier assembly 6A2. They provide the final frequency multi-

EL5RE039

Figure 2-39. Transmitter Rf Head (AM-4320/GRC-103(V),
Block Diagram.
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plication required to produce the selected transmitter channel frequency. Frequency
multiplier assembly 6A2 contains two separate varactor multiplier circuits; a dou-
bler and a tripler. Switchover from times-2 to times-3 multiplication is accom-
plished by electronic switch 6A1, which is a double-pole double-throw rf switch
operated by changing bias voltages on PIN diodes.

b. Block Diagram Analysis (Fig. 2-39).
‘ -  

The output of amplifier frequency multi-
plier TR1A4 in the range of 95 to 145 MHz at a level of +35 dbm±1 db (3 watts) is
fed into the input connector of electronic switch 6A1. For a selected transmitter
channel below channel 180 the rf signal is directed to the times-2 multiplier cir-
cuits of frequency multiplier assembly 6A2. The output of the times-2 multiplier is
then fed through the electronic switch to rf power level control 6A5 (in transmitter
equipped with Amplifier-Frequency Multiplier AM-4320/GRC-103(V) the output of the
times-2 multiplied is fed through the electronic switch 6A1 to the filter assembly
6AR1A2A4). Similarly, when the selected channel is 180 and above, the rf signal is
directed through the electronic switch to the times-3 multiplier circuits, back into
the electronic switch to the times-3 multiplier circuits, back into the electronic
switch and out to rf power level control 6A5 (out to filter assembly 6AR1A2A4, in
transmitter equipped with Amplifier-Frequency Multiplier AM-4320A/GRC-103(V) or AM-
4320B/GRC-103(V)). The rf signal after frequency multiplication is at the selected
transmitter channel frequency in the range of 220 to 405 MHz at a level of +29 dbm
(800 milliwatts) ±2 db.

95-145 MHz
+ 35 DBM
F R O M
TRANSMITTER
FIXED HEAD

TO TRANSMITTER

FIXED HEAD

EL5RE040

Figure 2-40. Transmitter Rf Head (AM-4320A/GRC-103(V) or
AM-4320B/GRC-103(V),  Block Diagram.

2-72



TM 11-5820-540-30

2-24. Electronic Switch 6A1

a. General. The electronic switch is a double-pole double-throw rf switch con-
trolled by changing the biases on PIN diodes in the two rf paths. Line 13 of
control-indicator 6A3 is grounded below channel 180, and has 26 volts dc on it at
channel 180 and above. This ground on line 13 causes relay K1 of the electronic
switch to energize and apply a forward bias on two PIN diodes in series with the
times-2 multiplier circuits (input and output paths) and a reverse bias on the cor-
responding diodes in the times-3 multiplier circuits. When line 13 is carrying 26
volts dc the relay drops out, reversing the polarity of the bias on the PIN diodes.

b. Detailed Circuit Analysis (FO-4-45).

(1) Times-2 operation, channels 40 to 179 inclusive. Line 13 from control-
indicator 6A3 arriving at 6A1P2 pin 6 is grounded at 6A3. 26 vdc is available at
all times at 6A1P2 pin 7 and is applied through CR6 to the coil of relay K1, ener-
gizing it. 26 vdc at 6A1P2 pin 1 is applied through K1 contacts B1 and B2 to the
cathode of PIN diode CR3 through FL4 and L3, and to the anode of PIN diode CR4
through FL3 and L2. CR3 is forward biased while CR4 is reverse biased. 26 vdc at
6A1P2 pin 3 is applied through K1 contacts A1 and A2 to the cathode of CR5 through
FL6 and L4, and to the anode of CR2 through FL1 and L1. CR5 is reverse biased while
CR2 is forward biased. Dc common for the two pairs of diodes is provided through
R1, FL2, FL5 and R2. The incoming rf signal (110 to 144.75 MHz) at 6A1J5 is there-
fore routed through C3, CR2, C2 and 6A1J4 to 6A2P1, the input connector of the
times-2 multiplier circuits. The output of the times-2 multiplier circuit (220 to
289.5 MHz) at 6A2P2 is then routed through 6A1J3, C5, CR3 and C6 to output connector
6A1J6.

(2) Times-3 operation, channels 180 to 410 inclusive. Control line 13 from the
control-indicator carries 26 vdc and K1 relay is deenergized. 26 vdc at 6A1P2 pin 3
is applied through B3 and B2 to the cathode of CR3 (reverse bias) and to the anode
of CR4 (forward bias). 26 vdc at 6A1P2 pin 1 is applied through K1 contacts A3 and
A2 to the cathode of CR5 (forward biased) and to the anode of CR2 (reverse bias).
The incoming rf signal at 6A1J5 is routed through C3, CR4, C4 and 6A1J2 to 6A2P3,
the input connector of the times-3 multiplier circuits. The output of the times-3
multiplier circuit (290 to 405 MHz) at 6A2P4 is then routed through 6A1J1, C7, CR5
and C6 to output connector 6A1J6.

(3) Metering circuit. A portion of the rf output signal is rectified by CR1
and the resultant dc is fed through R3, FL7 and 6A1P2 pin 4 to the front panel meter
(MULT) position) for metering.

2-25. Frequency Multiplier Assembly 6A2

a. General. Frequency multiplier assembly 6A2 contains two separate varactor
m u l t i p l i e r , one operating as a frequency doubler and the other operating as
a frequency tripler. The output harmonic frequency is selected in a tuned circuit
which is ganged to the front panel XMTR TUNE control. The input frequency range of
the doubler circuit is 110.0 MHz to 144.75 MHz, producing an output frequency range
of 220 to 289.5 MHz (channel 40 to channel 179). The input frequency range of the
tripler circuit is 96.666 to 135.0 MHz, producing an output frequency range of 290
to 405 MHz (channel 180 to channel 410). Both multiplier circuits have a series-
tuned input circuit feeding the varactor. The varactor produces harmonics of its
applied frequency, and feeds a series-tuned output circuit. The tripler circuit
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uses a second-harmonic idler circuit to increase tripling efficiency. Both multi-
pliers have broadband input and output impedance matching circuits.

b. Detailed Circuit Analysis (FO-4-45). For transmitter channels below 180 the
incoming rf is applied to 6A12P1, the input to the doubler varactor circuit. L1, C1
and C3 form a series-tuned input circuit feeding the signal to varactor CR1. L3
provides broadband input match and R1 provides varactor self-bias. The second har-
monic of the input signal is coupled through C3, C5 and L7 to output connector 6A2-
P2. L5 provides broadband output match. C3 is tuned to the input and output fre-
quencies by the XMTR TUNE control. For transmitter channels 180 and above the in-
coming rf signal is applied to 6A2P3, the input to the tripler varactor circuit.
L2, C2 and C4 are the series-tuned circuit feeding the signal to varactor CR2. L4
provides broadband input match and R2 provides varactor selfbias. L6, C7 and C8
form an idler circuit tuned to the second harmonic of the input signal. This causes
the second harmonic to flow in the varactor circuit where it mixes with the funda-
mental strengthening the third harmonic. C4, C6 and L9 form the series-tuned output
circuit. C4 and C8 are ganged to the XMTR TUNE control. L8 provides broadband out-
put impedance matching.

2-26. Rf Power Level Control 6A5

NOTE

This unit is not part of Amplifier-Frequency Multiplier
AM-4320A/GRC-103 (V) or AM-4320B/GRC-103(V).

a. General. Rf power level control 6A5 limits the power level fed into radio
frequency amplifier 6AR1. The level of the rf signal from electronic switch 6A1 is
approximately +29 dbm±2 db. The tolerance on this level could produce a wide range
of transmitter output power variations at the PWR OUT connector and excessive power
could cause overdrive within radio frequency amplifier 6AR1, reducing tube life.

b. Detailed Circuit Analysis (Fig. 2-41). The incoming signal at 6A5P1 at a pow-
er level of +29 dbm±2 db (600 to 1400 mw approximately) is fed through a 3 db re-
sistive attenuator, R1 and R2, to the controlling element, PIN diode CR1. C1 is a
dc block to permit the application of dc bias to CR1. C2 is the dc block in the
output path. The cathode voltage to the output tube is applied through 6A5P2 and
6A5FL1 to Zener diode CR2 (8.2 v). This voltage increases with the level of rf sig-
nal applied to the driver stage of 6AR1. When the cathode voltage exceeds 8.2
volts, zener diode CR2 will fire and apply a forward bias to PIN diode CR1. CR1
will then conduct part of the rf signal to ground. This action establishes a feed-
back control, attenuating the rf signal in the correct proportion to insure that the
output stage of 6AR1 is not overdriven. The output rf signal level, controlled
within the range of 200 to 300 mw, is fed through 6A5J2 to the driver stage of radio
frequency amplifier 6AR1.

2-27. Radio Frequency Amplifier 6AR1

a. General. Physically, radio frequency amplifier 6AR1 makes up most of the
transmitter rf head, and forms a framework on which the following subassemblies are
mounted:

Rf amplifier subassembly A1
Circuit card assembly A2A2
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Filter assembly A2A4
Radio interference filter A2FL3
Low pass filter A2FL1
Power monitor A3

(1) Radio frequency amplifier 6AR1 amplifies the final selected transmitter
frequency by about 23 db in two power amplifier stages using type 7211 lighthouse
tubes mounted in tunable resonant cavities. The cavity design uses a quarter-wave
folded resonator in the plate circuit (fig. 2-42). The grid-cathode resonator is of
conventional form (nonfolded) with capacity loading at its end. The heater connec-
tion to the amplifier tube is made through the hollow lead screw inside the center
conductor of the cathode resonator. The lead screw is of double-start nature to en-
able rapid transit of the tuning plungers. Due to the folded design, the plate tun-
ing assembly is moved toward the gear face to tune to higher frequencies, whereas
the cathode assembly moves in the opposite direction. Cathode feed is taken in
through a connection which is adjacent to the gear plate. This is then passed
through a small coaxial cable, firmly bonded to the inside of the grid-cathode reso-
nator cavity and fed through the cathode contact assembly to the cathode. Dc isola-
tion is achieved within the cathode contact assembly. The plate supply is decoupled
by a capacitor integral to the amplifier tube socket; the capacitor is a silvered
mica disc in a potted assembly.

(2) Tuning the cathode and plate resonator cavities is accomplished by adjust-
ing mechanically coupled plungers, ganged to the XMTR TUNE control. This control is
also ganged to the variable tuned circuits in frequency multiplier assembly 6A2.
Cavity output coupling is by capacitive probe; peaking is accomplished by adjusting
the PWR OUT PEAK control on the front panel. (This control is pushed in to engage
the driver probe drive gears and pulled out to engage the output probe drive gears.

Figure 2-41. Rf Power Level Control 6A5, Schematic Diagram.
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ANODE  TUNING 50 OHM OUTPUT ADJUST OUTPUT ELECTRICAL CATHODE
LEAD NUT

ELECTRICAL CONTACT
COUPLING CONTACT ASSEMBLY ASSEMBLY

HV SUPPLY PLASTIC DISC 50 OHM FEEDER COAX INPUT CAME
LEAD NUT CONTACT TO DIVERT AIR (SOLDER TO WALL)

STREAM AROUND SEALS

M I C A

E L 5 R E 0 4 2

Figure 2-42. Radio Frequency Amplifier 6AR1 Resonator Cavity,
Cross-Sectional View.

b. Block Diagram Analysis (Fig. 2-43). The rf signal from rf power level control
6A5 (when unit is equipped with Amplifier-Frequency Multiplier AM-4320/GRC-103(V))
or from electronic switch 6A1 (when unit is equipped with Amplifier-Frequency Multi-
plier AM-4320A/GRC-103(V) or AM-4320B/GRC-103(V)) is fed through the driver section
of filter assembly 6AR1A2A4 into the cathode of driver tube V2. The filter assembly
is used to prevent rf feedback to the power supply on the cathode dc line; it also
provides impedance matching of the rf input line which would otherwise be mismatched
by connecting the line to a dc point. V2 amplifies the rf signal by 13 db (to about
4 watts). The output of the driver tube is fed through the output section of filter
assembly 6AR1A2A4 to the cathode of output tube V1, where the signal is amplified by
a further 10 db. Filament and cathode supplies to the power amplifier tubes are
also fed through filter assembly 6AR1A2A4. Filament voltages and cathode circuits
for the two amplifier tubes are applied through adjustment and monitoring circuits
in circuit card assembly 6AR1A2A2. Test points and potentiometers permit adjustment
of circuits, and this assembly also contains a facility for monitoring the driver
tube power. The rf signal from output stage V2 is fed into low pass filter 6AR1A2-
FL1 which attenuates all harmonics of the fundamental. The filtered rf signal is
then fed through power monitor 6AR1A3 and the PWR OUT connector to the duplexer in
the receiver rf head and on to the antenna. Power monitor 6AR1A3, a hi-directional
coupler with rf pick-up loops, provides dc metering signal for forward and reflected
transmitter power. Part, of the forward power metering signal is also fed to alarm
control 5TR1A3 (para 2-20) for LOW POWER alarm indication.
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EL5RE043

Figure 2-43. Radio Frequency Amplifier 6AR1, Block Diagram.

C. Detailed Circuit Analysis.

(1) Filter assembly 6AR1A2A4 (Fig. 2-44). The filter assembly has two sec-
tions, one section providing impedance matching and rf decoupling on the driver tube
cathode connection, and one providing impedance matching and rf decoupling on the
output tube cathode connection. Variable capacitors C1 and C2 are adjusted for the
best broadband impedance match and coils L1 and L2 provide rf isolation. Heater and
cathode supplies are connected to the driver and output tubes through FL1 and L1,
and FL2 and L2 as shown.

(2) Rf amplifier subassembly 6AR1A1 (Fig. 2-45). The driver amplifier and the
output amplifier are mechanically and electrically identical, the only difference
being in the choice of the dc operating point, which is externally adjustable. The
plate resonators share a common drive screw. The output matching conditions, how-
ever, are different and individual drivers are required for the output probes. The
power amplifier is a conventional tuned-cathode, tuned-plate grounded-grid triode
amplifier circuit. V2 is the driver stage amplifier, Z3 the cathode resonator and
Z4 is the plate resonator. C7 and C8 are dc bypass capacitors. C1O is a cathode rf
bypass capacitor, and C16 is a smoothing capacitor. The input signal is fed to the
cathode from filter assembly 6AR1A2A4 at a level of 200 milliwatts to excite cathode
resonator Z3, connected between cathode and grid. The signal at the plate resonates
in Z4, connected between the plate and grid, and is coupled from the cavity to out-
put jack J1 through output coupling probe C12. Driver peaking is accomplished by
adjustment of the PWR OUT PEAK control in the pushed-in position. The output from
the driver tube is connected through the second section of filter assembly 6AR1A2A4
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Figure 2-44. Filter Assembly 6AR1A2A4, Schematic Diagram.

to the cathode of output tube V1, in a circuit similar to the V2 circuit. Here it
is amplified, then coupled out of the plate cavity by output coupling probe C6.
Output peaking is accomplished by adjustment of the PWR OUT PEAK control in the
pulled out position. Tube filament voltages (fig. 2-46 and fig. 2-47) are set to
7.2 volts dc to provide filament current of about 1.3 amperes. Cathode currents are
regulated by a constant current source within transmitter power supply 5TR1PS1 (para
2-18) to 60 milliamperes into the driver cathode and 160 milliamperes into the out-
put cathode. The currents are set by adjustments on circuit card assembly 6AR1A2A2.
Regulating the cathode currents in this manner extends tube life well in excess of
5,000 hours. Plate supply for the two tubes is 630 volts dc at about 180 milliam-
peres, supplied through radio interference filter 6AR1A2FL3, and applied to the
plates through chokes L2 and L4 formed by wiring inside the cavities. A cross-
section of the cavities is shown in figure 2-42.

(3) Circuit card assembly 6AR1A2A2 (Fig. 2-48). This assembly contains several
test points and an elapsed time indicator. Four adjustable resistors mounted on a
nearby bracket are used in conjunction with the test points in the circuit card
assembly and a multimeter to adjust the filament voltages and cathode currents of
the power amplifier tubes. A metering circuit (DRIVER position) detects the pre-
sence of drive into the output stage. This circuit is connected through E9, R4 and
L4 into the cathode circuit” of the output
also fed to rf power level control 6A5 for
Two test points, TP3 and TP2, are provided
output amplifier respectively. External’
heater line accomodate variations of tube
the heater voltages. TP6 and TP7 are test
the driver and output amplifier respective”
cated in transmitter power supply 5TR1PS1

amplifier tube. Part of this voltage is
limiting the amount of drive (para 2-26).
in the heater circuit of the driver and
y mounted resistors, R3 and C4, in the
filament circuits and are used to adjust
points in the cathode current circuits of
y; the two constant current networks lo-
(para 2-18) are connected to the respec-

tive power amplifier tubes through variable resistors R1 and R2 and terminals E3 and
E8 respectively. An elapsed time indicator on this board indicates tube running
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time. This device contains a thin column of mercury with a small quantity of elec-
trolyte within the column. A constant current will cause the mercury to travel
through the electrolyte, causing the electrolyte to move along the column at a con-
stant-rate. The device is graduated in
10,000 hours running time.

(4) Low pass filter 6AR1A2FL1. Si
mounted are one-quarter wave resonators
order harmonics. Low pass filter 6AR

1000 hours increments-and can indicate up to

nce the two cavities in which the tubes are
they will pass the fundamental and all odd
1A2FL1 is a sealed unit having a very sharp

cut off and providing at least 45 db attenuation at 600 MHz (3 x 220 MHz). Passband
insertion loss is approximately 5 db.

(5) Power monitor 6AR1A3. This unit has a coaxial line containing two induc-
tive rf pickup loops, one to pick up forward power and one to pick Up reflected

NOTES

L1, L2, L3, L4 ARE WIRING INDUCTANCE

C4 a C1O ARE MICA DISCS IN CATHODE CAVITIES

C5 a C11 ARE MICA DISCS IN PLATE CAVITIES

Z1 a Z3 ARE INNER CAVITIES

Z2 a Z4 ARE OUTER CAVITIES E L 5 R E 0 4 5

Figure 2-45. Rf Amplifier Subassembly 6AR1A1, Schematic Diagram.
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Figure 2-46.
Power Amplifier Tubes and Rf Supplies, (AM-4320/GRC-103(V)),
Simplified 

Schematic 
Diagram.
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Figure 2-47.
Power Amplifier Tubes and Rf Supplies (AM-4320A/GRC-103(V) or
AM-4320B/GRC-103(V)), 

Simplified 
Schematic 

Diagram.
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power. Both rf signals are rectified to produce dc metering signals, and thermis-
tors are used to compensate the temperature characteristics of the rectifying di-
odes. The forward metering signal is fed to the meter through the selector switch
in the PWR OUT position. It is also fed in parallel to the input of alarm control
5TR1A3 (para 2-20). The control alarm will initiate a LOW POWER alarm if transmit-
ter output power should drop by 8 db to about 4 watts. A 5,000 ohm resistor is
switched into the circuit when the meter selector switch is in any other position,
in order that the monitor signal will not be disturbed by switching the meter to the
PWR OUT position. The reverse power metering signal is fed to the meter through the
selector switch in the REFL PWR position. This metering function is used primarily
to assist the operator while tuning the XMTR DUPL control on the receiver rf head.
Minimum meter reading indicates correct tuning of the transmitter portion of the du-
plexer in the receiver rf head.

TO TO TO TO

DRIVER OUTPUT OUTPUT DRIvER
CATHODE CATHODE HEATER HEATER

E L 5 R E 0 4 8

Figure 2-48. Circuit Card Assembly 6AR1A2A2 Schematic Diagram.
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2-28. Control-Indicator 6A3 or 2A2

a. General. Control-indicators 6A3 (transmitter
ceiver channel selector) are identical in function
Each channel selector provides 11 control lines (3
or 1RE1A2. To select the required synthesizer freq
12 are switched on and off in a binary pattern, with

channel selector) and A2 (re-
and construction (fig. 2-49).

through 13) to synthesizer 5TR1A2
uencies, control lines 3 through
line 13 switched between chan-

nel 179 and 180 to change the synthesizer output frequency steps. The switching mo-
dules are operated by a set of cams and followers which reflect the various coding
patterns as shown in the coding tables (FO-4-33). Each selection is presented on
the front panel display (XMTR CHANNEL or RCVR CHANNEL by means of a numerical count-
er). In the transmitter, control line 13, in addition to changing the synthesizer
output frequency steps, is also used to switch in the 3.5 db attenuator within
amplifier-monitor 5TR1A5 (para 2-2) and to change the frequency multiplication fac-
tor from times-2 to times-3 (para 2-23).

b. Description of Operation. The channel selector consists of a bank of 10 cam-
operated microswitches, a front panel channel indicator and a multiplier changeover
decoder circuit. The 10 microswitches are operated by cams which establish a binary
code to preset the required stages of programmed counter in synthesizer 5TR1A2 or
1RE1A2. The front panel channel indicators consist of a series of geneva-operated
wheels, each having a series of numbers painted on it. The indicating wheels are
geared to the microswitch cams and to a front panel knob. The transmitter channel

NUMERICAL COUNTER TUNING CONTROL
(CHANNEN NUMBER INDICATOR) SHAFT

EL5RE049

Figure 2-49. Control-Indicator 6A3 or 2A2, Cover Removed.
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selector display indicates the channel rather than the frequency selected. The fol-
lowing formulas should be used to translate a selected channel into a frequency and
vice versa.

(1) Transmitter frequency = Transmitter channel + 200 MHz
2

(2) Transmitter channel = (Transmitter frequency (MHz) - 200) x 2

On the receiver channel selector the coding is arranged to produce a local oscilla-
tor frequency 30 MHz higher than the channel indicated in the display. This is done
to permit the indicator to refer to the received signal frequency, the actual local
oscillator frequency being always 30 MHz higher to. provide the correct intermediate
frequency. The decoder unit is an encapsulated logic circuit designed to sense
channel coding on 8 of the 10 microswitch output lines and initiate control line 13
switching to establish multiplication changeover, which takes place between channels
179 and 180 in the transmitter and channels 119 and 120 in the receiver.

Section III. AMPLIFIER-CONVERTER AM-4316/GRC-103(V) AND AM-4316A/GRC-103 (V)

2-29. Functional Block Diagram Analysis of Amplifier-Converters AM-4316/GRC-103(V)
and AM-4316A/GRC-103(V) (Figs. 2-50 and 2-51)

a. Amplifier-Converter AM-4316/GRC-103(V) and Amplifier-Converter AM-4316A/GRC-
103TV) (receiver rf head), incorporates a duplexing system which enables the radio
set to use a single antenna for both transmit and receive functions, and circuits
which convert the incoming receive signals into a 30 MHz intermediate frequency.

b. Receiver rf head duplexer 2A1A1 provides the necessary isolation and impedance
matching between the transmit and receive signals. The rf power at the PUR OUT con-
nector of the transmitter rf head at a level of 25 watts is fed through an external
rf coaxial cable through the FROM XMTR connector on the front panel of the receiver
rf head to the two-cavity (transmit) portion of bandpass filter assembly 2A1A1A1
(duplexer 2A1A1 in AM-4316A/GRC-103(V)). The tunable transmit filter is manually
tuned to the transmit channel by the XMTR DUPL control. The ±2 MHz bandwidth of the
filter provides additional filtering of the transmit signal while presenting a high
attenuation to the received frequency. The rf signal is then directed through impe-
dance matching network 2A1A1Z1 (2A1A1Z7 in AM-4316A/GRC-103(V)) and power monitor
2A1A5 to the ANT. connector, and by cable to the antenna system. Power monitor 2A1-
A5 samples the forward and reflected rf power to the antenna system. These samples
are rectified and the resulting dc voltages are used for XMTR DUPL and REFL PWR me-
tering.

c. The receiving circuits of the receiver rf head accept modulated signals in the
frequency range of 220 to 405 MHz, at a level of -54 dbm to -94 dbm and convert them
to a 30 MHz intermediate frequency (IF) which is then amplified and demodulated in
the receiver fixed head. The signals from the antenna, applied to the ANT. connec-
tor by lead-in cable are fed through impedance matching network 2A1A1Z1 (2A1A1Z7 in
AM-4316A/GRC-103(V)) to bandpass filter assembly 2A1A1A1, a four-cavity 3 MHz band-
width tunable bandpass filter. This bandpass filter, part of duplexer 2A1A1, is
manually tuned to the receiver frequency by the RCVR SIG control. The received sig-

2-84



TM 
11-5820-540-30

Figure 
2-50.

Receiver 
Rf 

Head 
(Amplifier 

Converter, 
AM-4316/GRC-103(V))

Block 
Diagram.

2
-8

5



TM 
11-5820-540-30

Figure 
2-51.

Receiver Rf Head (Amplifier Converter, AM-4316A/GRC-103(V)),
Block 

Diagram.
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nal is then fed through a high-signal protection circuit (receiver protection cir-
cuit) which prevents rf signals greater than -10 dbm from getting into the receiver.
This device, electronic switch 2A4, is essentially a single-pole double-throw rf
switch which is operated by changing bias voltages on PIN diodes. A high signal
condition opens the normal rf signal path and diverts the high signal to electrical
dummy load 2A3, where it is dissipated. The required bias voltages for the opera-
tion of electronic switch 2A4 are supplied by power supply 2PS1. The power supply
2PS1 also provides a HIGH SIGNAL alarm indication.

d. The rf signals, below -10 dbm, are fed through low pass filter 2A1A1FL1, part
of duplexer 2A1A1, to attenuate all odd harmonics of the incoming frequency. The
output of the low pass filter is fed into low-noise, broadband radio frequency am-
plifier 2A1AR1 which has a fixed gain of 27 db±3 db over the entire frequency range
of 220 to 405 MHz. The output of radio frequency amplifier 2AR1AR1 is fed into
electronic frequency converter 2A1A2 whose function is to mix the received rf signal
with the local oscillator signal to produce the 30 MHz IF signal. The converter
contains the post-amplifier and local oscillator filters, bandpass filter assembly
2A1A2A3, frequency multiplier 2A1A2A1, frequency
ate frequency amplifier 2A1A2AR1. The single
bandpass filter assembly 2A1A2A3 rejects the noi
in radio frequency amplifier 2A1AR1.

e. The input to frequency multiplier 2A1A2A1
multiplier 1RE2A5, in the range of 95 to 145 MHz

mixer stage 2A1A2A2, and intermedi-
section post-amplifier section of
se (at the image frequency) present

is the output of amplifier-frequency
The frequency multiplier doubles

the input frequency over one portion of the band and triples it over the remaining
portion, to produce a continuously variable output frequency 30 MHz above the fre-
quency of the received signal. Mechanically, the frequency multiplier is ganged to
the RCVR SIG control which also drives bandpass filter assembly 2A1A1A1 and bandpass
filter assembly 2A1A2A3. The RCVR SIG control adjusts the frequency multiplier and
bandpass filter assembly 2A1A2A3 to a point near the required tuning point, approxi-
mately 30 MHz above the frequency of the received signal. The MULT PEAK control
then tunes the frequency multiplier and both the post-amplifier and local oscillator
filters of bandpass filter assembly 2A1A2A3 to their required tuning point. The
ganging of the RCVR SIG and MULT PEAK is such that the three-section local oscilla-
tor filter is always tuned 30 MHz above the single-section post-amplifier filter.
The received rf signal and the local oscillator signal are both fed into frequency
mixer stage 2A1A2A1. The frequency mixer stage produces the 30 MHz IF signal, with
a 2 db conversion loss. The IF signal is then amplified in intermediate frequency
amplifier 2A1A2AR1. A portion of the local oscillator signal, detected at the input
to the mixer, is rectified to provide the MULT metering voltage. The intermediate
frequency amplifier is part of the IF amplification system which also includes band-
pass filter 1RE1FL1 and intermediate frequency amplifier 1RE1AR2 in the receiver
fixed head. Intermediate frequency amplifier 2A1A2AR1 contributes the first 30 db
of the 80 db gain provided by the IF amplification system. Automatic gain control
of two stages in each of the two IF amplifiers provides automatic adjustment of
overall gain over a range of 50 db, depending on the input signal. Intermediate
frequency amplifier 2AR1A2AR1 is a broadband device, all shaping being done
pass filter 1RE1FL1.

f. Operating voltages, +12 and -12 v regulated and 26 v unregulated, requ
the–circuits in the receiver rf head, are supplied by power supply 1RE1PS1

 band-

ired for
in the
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receiver fixed head. A separate power supply, 2PS1, supplies the high dc voltage
required to operate electronic switch 2A4 of the receiver protection circuits (Power
Supply 2PS1, is not supplied in the AM-4316A/GRC-103(V) model). An overall schema-
tic diagram of the receiver rf head is shown in FO-4-36(FO-4-37 for AM-4316A/GRC-
103(V)).

2-30. Duplexer 2A1A1 (AM-4316/GRC-103(V) and AM-4316A/GRC-103 (V))

a. General. Since Radio Set AN/GRC-103(V) operates with a single antenna, du-
plexer 2A1A1, part of radio frequency tuner 2A1, provides the necessary isolation
between the transmitted signal and the receiver. The duplexer consists of bandpass
filter assembly 2A1A1A1, impedance matching network 2A1A1Z1, and low pass filter 2A-
1A1FL1. Bandpass filter assembly 2A1A1A1 consists of SIX tuned cavities and two
channel frequency indicators.

b. Detailed Circuit Analysis (FO-4-36 and 4-37).

(1) Transmitting path. The transmitter portion of bandpass filter assembly 2A-
1A1A1 (2A1A1 in AM4-4316A/GRC-103(V)) consists of two quarter-wave resonant tuned
cavities, 2A1A1A1Z5 and 2A1A1A1Z6. The cavities are connected in series with capa-
citive input and output probes. Both cavities are tuned in parallel with adjustable
plungers controlled by the XMTR DUPL front panel control. The channel to which the
transmit cavities are tuned is indicated by channel frequency indicator 2A1A1A1DS2
in the X11TR CHANNEL display window. The filter has a passband of ±2 MHz and an in-
sertion loss of 1 db nominal. The output of the cavities is connected through a co-
axial T-junction to impedance matching network 2A1A1Z1 (2A1A1Z7 in AM-4316A/GRC-
103(V)), which matches the impedance of the transmitter to the antenna throughout
the operating frequency band. The transmitter output is then fed through power mon-
itor 2A1A5 to the antenna; power monitor 2A1A5 to the antenna; power monitor 2A1A5
measures the forward and reverse (reflected) power of the transmitted signal.

(2) Receiving path. The received signal from the antenna is connected through
power monitor 2A1A5 and impedance matching network 2A1A1Z1 (2A1A1Z7 in AM-4316A/GRC-
103(V)) to the coaxial T-junction between the transmit and receive sections of band-
pass filter assembly 2A1A1A1 (duplexer 2A1A1 in AM-4316A/GRC-103(V)). The transmit
filter presents a high impedance at the receive frequency and the receive signal is
directed into the receive section of the duplexer. The receive section consists of
four quarter-wave resonant tuned cavities 2A1A1A1Z1, Z2, Z3 and Z4 (2A1A1Z1, Z2, Z3
and Z4 in AM-4316A/GRC-103(V)) similar to those in the transmit section. All four
cavities are tuned in parallel by adjustable plungers controlled by the RCVR SIG
front panel knob. The frequency to which the receive cavities are tuned is indicat-
ed by channel frequency indicator 2A1A1A1DS1 in the RCVR CHANNEL display window.
The receive filter has a passband of ±3 MHz and an insertion loss of 1.5 db. The
signal from the receive cavities is fed through the receiver protection switch cir-
cuits (para 2-32 and 2-33) and back into the duplexer’s low-pass filter 2A1A1FL1.
This filter is a sealed, lumped-constant device mounted in a coaxial shield and pro-
vides approximately 35 db rejection at all frequencies above 660 MHz (3 times the
lowest fundamental).

(3) Impedance matching network 2A1A1Z1 (2A1A1Z7 in AM-4316 A/GRC-103(V)). This
unit consists of two coaxial stub lines and two trimmer capacitors connected across
the through coaxial line, to match the transmit and receive filters to the antenna
over the entire frequency range of 220 to 405 MHz. Trimmer capacitors C1 and C2 are
accessible for adjustment.
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(4) Tuning mechanism of bandpass filter assembly 2A1A1A1. The gear box on
which bandpass filter assembly 2A1A1A1 (duplexer 2A1A1) is mounted contains two main
shafts, one for the transmitter and the other for the receive section. The trans-
mitter drive shaft, XMTR DUPL, (figs. 2-52 and 2-53) is connected to two bevel gears
which drive the two individual center conductor drive screws of the resonant cavi-
ties. Similarly the receiver drive shaft, RCVR SIG, (figs. 2-54 and 2-55) is con-
nected to four bevel gears which drive the four individual center conductor drive
screws of the receiver resonant cavities.

2-31. Power Monitor 2A1A5

Power monitor 2A1A5, located in the receiver rf head, is fitted in the antenna line
between impedance matching network 2A1A1Z1 (2A1A1Z7 in AM-4316A/GRC-103 (V)), and the
antenna connector (ANT.) on the front panel of the equipment (FO-4-36 and 4-37).
The power monitor consists of a hi-directional coupler with integral detectors and
temperature compensation circuits. It samples the output power to the ANT. connec-
tor and the reflected power from the antenna, rectifies the rf signals and feeds the
resulting dc voltages to the meter on the front panel of the receiver fixed head.
This provides appropriate meter readings when the meter switch is in either the XMTR
DUPL or REFL PWR position. The unit operates in an identical manner to power moni-
tor 6AR1A3 (para 2-27).

Figure 2-52.

EL5RE052

Duplexer 2A1A1, Transmitter Section, (AM-4316/GRC-103(V)),
Tuning Mechanism.
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2-32. Receiver Protection Switch

NOTE

This paragraph applies only to AM-4316/GRC-103(V).

a. General. The receiver protection switch is a single-pole double-throw switch-
ing–device inserted between the receive section of bandpass filter assembly 2A1A1A1
and low pass filter 2A1A1FL1. The receiver protection switch prevents any high-
level signals from being fed into radio frequency amplifier 2A1AR1 and damaging it.
The high-level signals can be either the transmitter output, if the receiver has
been tuned to the same channel as the transmitter, or signals received from nearby
external sources. The protection switch consists of electronic switch 2A4, power
supply 2PS1, and electrical dummy load 2A3.

b. Block Diagram Analysis (Fig. 2-56). The received rf signal at the output of
bandpass filter assembly 2A1A1A1 is fed into electronic switch 2A4. Electronic
switch 2A4 consists of two separate subassemblies: electronic switch 2A4A1 and
electronic switch control 2A4A2. Electronic switch 2A4A1 consists of a stripline
connected switch with two PIN diodes in the receive arm and one PIN diode in the
load arm. Under normal conditions, the receive arm PIN diodes are forward biased,

Figure 2-53. Duplexer 2A1A1 Transmitter Section, (AM-4316A/GRC-103 (V)),
Tuning Mechanism.
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while the load arm PIN diode is zero biased. A PIN diode has a variable rf impe-
dance which varies from less than one ohm when forward biased to several thousand
ohms when zero volts or a reverse bias is applied to it. By varying the applied
voltage the diode changes very rapidly from the high impedance condition to the low
impedance condition. The rf signal is normally routed through forward-biased PIN
diodes of the receive arm directly to the output connector. The normal received
signal sees a high impedance in the load arm due to the absence of bias on the load
arm PIN diode.

(1) A tunnel diode, operating as a back-diode detector, is connected to the
receive arm stripline to sense the received rf level. When this level reaches -10
dbm the diode will switch to a positive output voltage to drive the micro-circuit
amplifier on electronic switch control 2A4A2. A reference dc input to this amplifi-
er is adjusted by the TRIG LEVEL ADJ control to set the amplifier operating point,
and, therefore, the signal switching level. The high gain of the amplifier results
in an extremely fast switching operation. The amplifier output to the emitter-
follower stage is a negative voltage under high-signal conditions. The emitter-
follower stage has two outputs. One output, the alarm drive, is used to operate the
switching circuits in power supply 2PS1, when a high signal is detected in the re-
ceive arm. The switching action will apply a forward bias of 3 volts to the load
arm PIN diode, reducing its rf impedance to less than one ohm, and applies a 97 volt
reverse bias to the receive arm PIN diodes. The high rf signal is then directed
through the load arm to electrical dummy load 2A3, where it is dissipated.

(2) The second output is fed through a differentiating circuit to switch sampl-
ing transistor Q2. The differentiating circuit, which has extremely fast rise time

Figure 2-54. Duplexer 2A1A1 Receiver Section, (AM-4316/GRC-103(V)),
Tuning Mechanism.
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Figure 2-56. Receiver Protection Switch, AM-4316/GGRC-103(V), Block Diagram.
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and a relatively slow decay time, controls the switch sampling action. This sampl-
ing action takes place under high signal condition when no rf power is fed to the
detector in the receive arm to keep it operated.

(3) Switching transistor Q3 controls the reversing action of the bias on the
receive arm diodes. The normal bias on the receive arm diodes is a 100 volt poten-
tial on the positive side applied through a bias reversing stage, and a +94 volts
return at the negative side. When the switch operates, the +100 volts supply line
is open and the positive sides of the diodes are clamped at ground potential. This
results in a reverse bias of 94 volts being applied to the receive arm diodes.

(4) The alarm drive signal at the output of Q1, electronic switch control 2A4-
A2, is fed into power supply 2PS1 where it is amplified and used to operate relay
drive transistor Q1. A second output from the relay drive transistor is fed to load
bias transistor Q5. This transistor turns on the 3 volt forward bias to the PIN di-
ode in the load arm in electronic switch 2A4A1.

(5) Power supply 2PS1 supplies the high level reverse bias to the receive arm
PIN diodes for high signal level isolation. It also provides a 200 volt dc supply,
and the 3 volt supply which is used to forward bias the load arm PIN diode under
high signal conditions.

c. Detailed Circuit Analysis.—

(1) Electronic switch 2A4 (FO-4-34). The rf input signal, arriving from the
receive section of bandpass filter assembly 2A1A1A1 to connector P3, is coupled
through C2 to the PIN diodes in the receive arm, CR1 and CR2, and then fed through
dc blocking capacitors C1 and C4 and connector P2 to low pass filter 2A1A1FL1. Nor-
mally, diodes CR1 and CR2 are forward biased; +94 vdc is applied to the cathodes of
CR1 and CR2 through L1, while +100 vdc is applied to the anode through R1 and L2,
resulting in a 6 vdc forward bias. L1 and L2 prevent the rf from getting into power
supply 2PS1 through the dc lines. Load arm diode CR3 is normally zero biased; bias
current is applied to CR3 through L3 and C7 (less negative) on one side and L4 and
C8 (more negative) on the other side, so that at a low input power (less than -10
dbm) the load arm presents an isolation of at least 20 db. Decoupling capacitor C1O
prevents a change in diode bias by providing extra decoupling between the high fre-
quency circuit and the bias network. A portion of the rf signal passing through the
receive arm is detected by diode CR4 in series with filter L6 and C9. The output of
tunnel diode CR4 is fed to the non-inverting input, pin 3 of microcircuit differen-
tial amplifer A1 of electronic switch control 2A4A2. R1, R2 and R3 set a dc refer-
ence voltage at pin 2 of the differential amplifier; R2, the TRIG LEVEL ADJUST con-
trol , sets the rf switching level. A1 is a high-gain differential dc amplifier
which amplifies the dc potential between pins 2 and 3. The output at pin 7 is
coupled directly to the base of emitter-follower Q1. The output at the emitter of
Q1 is used as an alarm drive and as a switch drive. The alarm drive is applied
through connector P1 pin D to power supply 2PS1; the switch drive is applied through
CR2 and C4 to the base of transistor Q2. The collector load, R1O, of Q2 is connect-
ed to the +200 vdc base supply; the collector of Q2 is also connected to the base of
Q3 switching transistor. Decoupling capacitor C1O prevents a change in diode bias
by providing extra decoupling between the high frequency circuit and the bias net-
work. In the normal operating condition, there is no signal available from the
back-diode detector, so that the input at pin 3 is negative relative to the input at
pin 2 of the amplifier; the output at pin 7 of the amplifier is negative in this
condition. Feedback from output pin 7 is coupled through R4 and CR1 to pin 2. CR1
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provides limiting of the feedback
cause a recovery delay and slow the
compensation feedback. This negat

level to avoid amplifier saturation, which could
amplifier switching time. C3 provides frequency
ive output voltage, fed through emitter-follower

insufficient to make Q2 con-Q1 to the base of transistor Q2 through CR2 and C4, is
duct and therefore Q2 is cut off. Receive arm bias, +100 vdc, is fed through Q3 to
PIN diodes CR1 and CR2 in electronic switch 2A4A1; the other sides of the receive
arm diodes (cathodes) are connected to +94 vdc. As long as Q2 is cut off, the base
of Q4 is fed from +200 v through R1O. Q3 and Q4 conduct and do not present any
appreciable impedance to the bias supply to the PIN diodes. Consequently, in the
normal condition, a steady dc bias is allowed to pass through the PIN diodes. In
the event of high input rf power, a voltage from the back-diode detector is fed to
pin 3 of the differential amplifier. When this voltage is greater than the voltage
set by R2 of the amplifier, the amplifier, because of its extremely high gain,
swiftly changes its negative output at pin 7 to a positive output voltage which is
transmitted through emitter-follower Q1,
to the base of Q2, making Q2 conduct.
lector drops rapidly from +200 volts to
ply. The drop in voltage at the Q2 col
the +100 volt potential from the anodes
+94 volts potential at their cathodes.

through diode CR2 and network CR4 and R9,
When Q2 is turned on the voltage at its col-
zero while resistor R1O drops the base sup-
lector causes Q4 and Q3 to cut off removing
of the receive arm pin diodes, leaving the
The +94 volts thus becomes a reverse bias

which presents a high impedance to rf in the receive arm path. CR3 at the Q3 emit-
ter will clamp the anodes of the receive arm pin diodes to about O volt through Q2,
providing a return path for the dc signal, and only a voltage larger than 100 v rf
peak applied to the PIN diodes can make them conduct again. However, when the cir-
cuit goes into the isolate condition, tunnel diode CR4 ceases to pass any signal
back to the amplifier circuit so that the amplifier tends to return to its normal
non-overload condition; this re-establishes a non-overload condition and allows a
small amount of rf signal to pass to the PIN diodes in the receive arm which trips
the circuit once again. This results effectively in a sampling action. The sampl-
ing “OFF” time, during which the PIN diodes are cut off and Q2 is conducting, is de-
termined by the time constant of Q2 base circuit CR2, C4, R8 and R9. The time re-
quired to drive the PIN diodes from cut-off into conduction and bring Q2 from satur-
ation to cut-off is the sampling “ON” time, and is determined by the time constant
of Q2 collector circuit C7 and R1O. The sampling “ON” and “OFF” tines are 15 micro-
seconds and 33 microseconds respectively, giving a sampling rate of approximately
21 kHz.

(2) Power supply 2PS1 (Fig. 2-57). The alarm drive signal from the Q1 emitter
is coupled through inter-unit wiring and R4 to the base of Q2 in power supply 2PS1.
Under high-signal conditions this is a positive signal which turns on Q2. The oper-
ating point of the alarm circuit is set by +12 vdc, applied to the base of Q2
through R3. The collector of Q2 is connected through R2 to the base of PNP transis-
tor Q1; therefore when Q2 conducts, Q1 conducts also, and alarm relay K1 is turned
on, closing the 26 v path to the HIGH SIGNAL alarm circuit. The positive signal at
the Q1 collector is also coupled through R1O to the base of Q5, turning it on. Q5
is in series with a 3 volt supply which is connected back to the load arm PIN diode
in electronic switch 2A4A1. This voltage then becomes a forward bias to load arm
diode CR3, reducing its rf impedance and providing an rf path to electrical dummy
load 2A3. The power supply circuits consist of a 25 kHz inverter transformer, T1,
and transistor switching circuit Q3 and Q4. When -12 v input voltage is applied
through L2 to the circuit, -11 vdc appears between terminal 5 of the inverter trans-
former T1 and emitters of Q3 and Q4, across C7. Bias voltage is applied to the
bases of transistors Q3 and Q4 through terminals 4 and 6 of transformer T1. Q3 is
cut off while Q4 is conducting, and the voltage appearing at the collector of Q3
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Figure 2-57. Power Supply 2PS1, Schematic Diagram.
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remains there until the transformer saturates (a period of 1/25,000 second); as sa-
turation is reached, voltages of opposite polarity are induced in all windings,
causing a reversal of current and voltage relationship between Q3 and Q4, with Q4
cut off while Q3 is conducting. The resulting output voltage is a dc square wave
with a frequency of 25 kHz. The 200 vat, 25 kHz square wave at terminals 7 and 8 is
rectified in a conventional bridge rectifier; CR2, CR3, CR4 and CR5. The resultant
+200 vdc is fed as a base drive for switching transistors Q3 and Q4 in electronic
switch control 2A4A2, through two resistors, R5 in power supply 2PS1 and R1O in
electronic switch control 2A4A2. The voltage across secondary windings 9, 10 and 11
is rectified in CR6 and CR7 to give 6 v peak across C8. The upper side is connected
to the +100 vdc line, derived from divider R6 and R7, so that the potential of the
receiver bias line is 94 volts. The voltage across C8 is fed from the +100 v line
through L4 and 2PS1 pin 9 to electronic switch control 2A4A2 through Q3, in series
with PIN diodes CR1 and CR2 in the receive arm, and back to the 94 volt line to for-
ward bias the PIN diodes under normal operating conditions. The ac voltage across
secondary windings 12, 13 and 14 is rectified by CR8 and CR9 so that 3 vdc is de-
veloped across C9. This voltage is fed through transistor Q5 (normally cut off) and
chokes L6 and L7 to the load arm to reverse bias PIN diode CR3; Q5 operates in con-
junction with the alarm circuits as described above.

(3) Electrical dummy load 2A3. The electrical dummy load is a dissipative ele-
ment in series with the load arm PIN diode and uses the gear box of the receiver rf
head as a heat sink. The rf signal is fed into the center conductor of the electri-
cal dummy load through a coaxial line. A single ground plane is used as the resis-
tive element, and the heat is dissipated through the cast aluminum housing.

2-33. Signal Level Control Monitor 2A4 (AM-4316A/GRC-103 (V))

a. General. Signal level control-monitor 2A4, located between the duplexer (re-
ceive) filter and low pass filter 2A1A1FL1 (fig. 2-51) protects the low-noise ampli-
fier circuitry (in rf amplifier 2A1AR1) against damage caused by possible high level
signals being fed into the receiver. The unit also provides for an audible and vi-
sual alarm, available when it goes into protection mode. Protection is achieved by
presenting a low impedance to the high-level signals, thus reflecting the unwanted
power. The unit consists of two printed circuit boards; the signal level limiter
2A4A1 and alarm control 2A4A2.

b. Block Diagram Analysis. The incoming rf signal (fig. 2-58) under normal con-
ditions travels along the stripline through a rf limiter to the output connector
with negligible loss (0.75 db max.). Two hot carrier diodes clip the peaks of a
moderately high level signal (-5 to +10 dbm). Higher level signals cause the rf em-
miter to generate a dc current which forward biases a pin diode through which the
excess rf signal is attenuated. The dc bias through the pin diode is fed to a two-
stage cascade amplifier whose operating level is set by an alarm level potentiome-
ter. A high-level signal will cause the cascade amplifier to operate and provides a
path for the HIGH SIGNAL alarm circuit, through a control transistor.

c. Detailed Circuit Analysis (FO-4-35).

(1) Signal level limiter 2A4A1. The rf input signal, from the receiver section
duplexer subassembly 2A1A1, is connected to connector J1. The signal is coupled
through C1 into signal limiter A1 along the stripline, to which shunt attenuator
CR1, rf limiter A1 and clippers CR2 and CR3 are connected. When the input signal
level is -5 dbm or less, the signal travels along the stripline from J1 to output J2
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with only negligible insertion loss introduced by the stripline. As the level of
the input signal increases to O dbm, two hot carrier diodes CR2 and CR3 start clip-
ping peaks of the rf signal. When the level of the input signal reaches +10 dbm, rf
limited A1 starts generating dc current which flows to ground, the amplitude being
proportional to the level of the rf signal incident in A1 Shunt attenuator CR1 and
rf limiter A1 being dc blocked within the same section of the stripline, CR1 acts as
a dc return for the dc current from A1 CR1 is a PIN diode; the dc current from A1
acts as a forward bias to the diode providing a low shunt impedance to the rf sig-
nal, which results in attenuation of the signal. The response time of the circuit
is extremely short, limiting high amplitude input signals almost instantly.

(2) A1 arm control 2A4A2. The negative dc voltage from the cathode of CR1 in
signal level limiter 2A4A1 is fed through L1 and feed-through capacitor FL3 and
applied to the base of Q1 in alarm control A2. The voltage at the emitter of Q1 is
adjusted to approximately +0.2 volts by voltage divider R2, R3 and R6, and alarm-
level potentiometer R3 sets the operating point for the HIGH SIGNAL alarm circuit by
setting the voltage at the emitter of Q1. When the negative voltage at the base of
Q1 increases to approximately -0.4 volts, Q1 starts conducting, thereby turning on
Q2 and Q3. Q3 emitter-collector current flows through the HIGH SIGNAL alarm lamp
and buzzer relay in the receiver fixed head, causing them to operate. R6 in the
collector circuit of Q3 is a latching resistor which eliminates chatting of the
alarm circuitry. When Q3 is conducting, the collector-current causes a voltage drop
across R6, thereby raising the voltage level at the centertrap of R3. This increas-
ed voltage at the emitter of Q1 makes it
inductive spikes at switch off time. Resi
and Q2.

conduct more. CR2 protects Q3 from high
stor R4 and R5 are collector loads for

MAJOR FUNCTIONAL FLOW

SECONDARY FUNCTIONAL FLOW

FAULT SIGNAL PATH TO LIGHT LAMP
OR PROVIDE INDICATION

Figure 2-58. Signal Level Control-Monitor 24A, AM-4316A/GRC-103(V), Block Diagram.
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2-34. Radio Frequency Amplifier 2A1AR1

a. General. Radio frequency amplifier 2A1AR1 is a low-noise, wideband, four-
stage fixed-gain amplifier with a stable output, inserted in the receive signal path
of the receiver front end, providing 27 db±3 db gain over the entire frequency
range of 220 to 405 MHz, independent of input impedance. The circuit is a conven-
tional stagger-tuned, cascaded amplifier, using low-noise transistors. Since radio
frequency amplifier 2A1AR1 is the first active device in the receiver amplifier
chain, it establishes the overall noise performance of the receiver. The noise fig-
ure of the 2A1AR1 is better than 6 db, giving a receiver noise figure of better than
9 db.

b. Functional Description. The incoming received signal from low pass filter 2A-
1A1FL1 (para 2-30) is amplified in a four-stage amplifier. The four stages are
stagger-tuned to provide a bandwidth covering the full frequency range. Low-noise
silicon PNP transistors are used for the first two stages, while silicon NPN tran-
sistors with good temperature stability are used for the remaining two stages. The
first stage is tuned at about 325 MHz, the second at about 220 MHz, the third at
about 375 MHz, while the fourth stage provides a relatively flat gain across the en-
tire band. Stage one is connected in a common-emitter configuration which provides
good stability; the remaining three stages are connected in a grounded base config-
uration for broad bandwidth. After amplification, the signal is fed through a 9 db
matchinq attenuator pad to bandpass filter assembly 2A1A2A3. The gain of the ampli-
fier is-linear for signals with input levels of up to -30 dbm, while
sion occurs for input levels above -30 dbm.

c. Detailed Circuit Analysis (FO-4-32). The incoming receiver rf
coupled through the C1 and L12 input matching circuit to the Q1
common-emitter configuration to insure stability under all input

gain compres-

signal at J1 is
base. Q1 is a
load conditions.

Trimmer capacitor C1 is the only tuning element in radio frequency amplifier 2A1AR1.
The remaining three stages, Q2, Q3 and Q4 are in a grounded base configuration which
provides best performance in gain and bandwidth. L2, L4, L6 and L8 are the frequen-
cy determining elements. All but two transformer coils are air-core coils which are
adjusted during manufacture by shaping or shorting the turns of wire. The 9 db pi-
type attenuator, R14, R16 and R17 in the output circuit provides stability of opera-
tion in the output stage and a closer match to the 50 ohm nominal impedance.

2-35. Electronic Frequency, Converter 2A1A2

a. General. The electronic frequency converter, 2A1A2, consists of frequency
muliplier 2A1A2A1, frequency mixer stage 2A1A2A2 and intermediate frequency ampli-
fier 2A1A2AR1, all mounted on bandpass filter assembly 2A1A2A3. Frequency multipli-
er 2A1A2A1 is part of the local oscillator frequency-generating chain together with
control-indicator 2A2, electrical frequency synthesizer 1RE1A2 and amplifier fre-
quency multiplier 1RE1A5. Intermediate frequency amplifier 2A1A2AR1 is part of the
intermediate frequency system, together with bandpass filter 1RE1FL1 and intermedi-
ate frequency amplifier 1RE1AR2. The bandpass filter assembly contains the post-
amplifier and the local oscillator bandpass filters.

b. Block Diagram Analysis (Fig. 2-59). The main function of electronic frequency
converter 2A1A2 is to mix the received rf signal with the local oscillator signal to
Produce the 30 MHz if. siqnal. The rf signal from radio frequency amplifier 2A1AR1
is fed into the post-amplifier fi
which removes the image frequency

lter section of bandpass filter ‘assembly 2A1A2A3,
noise components from the received rf signal be-
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fore it is fed into frequency mixer stage 2A1A2A2. Image frequency components are
not present in the output of radio frequency amplifier 2A1AR1; however, without the
post-amplifier bandpass, filter, the frequency mixer stage will respond to noise in
radio frequency amplifier 2A1AR1 at the image frequency. The rf output of
amplifier-frequency multiplier 1RE1A5 in the range of 95 to 145 MHz, at a level of
+15 dbm, is fed into frequency multiplier 2A1A2A1 for multiplication. The output of
the frequency multiplier is the local oscillator frequency in the range of 250 to
435 MHz at a level of +7 dbm. Frequency multiplier 2A1A2A1 doubles the input fre-
quency over one portion of the band and triples it over the remaining portion. The
output frequency is continuously variable using the front panel controls, RCVR SIG
and MULT PEAK. The local oscillator frequency is fed into the local oscillator fil-
ter section of the bandpass filter assembly 2A1A2A3 which rejects all but the
selected output frequency of frequency multiplier 2A1A2A1. The local oscillator and
the post-amplifier filter sections are ganged so that the local oscillator filter is
always tuned 30 MHz above the post-amplifier filter. The tuning range of the post-
amplifier filter is 220 MHz to 405 MHz, and that of the local oscillator filter is
250 MHz to 435 MHz. The tuning mechanism of bandpass filter assembly 2A1A2A3 is
coupled to the main gear drive of the receiver rf head. The tuning to the local os-
cillator frequency is done in the following two stages. The RCVR SIG control, which
drives the four-cavity receiver filter of duplexer 2A1A1 (para 2-30), also adjusts
bandpass filter assembly 2A1A2A3 and frequency multiplier 2A1A2A1 to a point near
the required tuning point. The MULT PEAK control then tunes frequency multiplier
2A1A2A1 and bandpass filter assembly 2A1A2A3 to the required tuning point. The two
outputs of bandpass filter assembly 2A1A2A3 are fed separately into frequency mixer
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Figure 2-59. Electronic Frequency Converter 2A1A2, Block Diagram.
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stage 2A1A2A2 where they are mixed to produce the 30 MHz IF frequency, at a level of
2 db below the rf input signal. A metering signal (MULT) derived from the local os-
cillator signal input to the mixer stage provides an indication of the frequency
multiplier output.

2-36. Bandpass Filter Assembly 2A1A2A3

a. Bandpass filter assembly 2A1A2A3 consists of a single section post-amplifier
filter and a three-section local oscillator filter. Each section consists of a
stripline with ganged variable capacitors providing the adjustment by effectively
varying the lengths of stripline. The ganging arrangement is such that it provides
a constant 30 MHz offset between the post-amplifier and the local oscillator fil-
ters.

b
secti
duce
ing.
the l

Bandpass filter assembly 2A1A2A3 uses air-spaced stripline techniques; each
on consists of a quarter-wavelength coaxial line cavity, capacity-loaded to re-
the length requirement, using air-spaced capacitors for both loading and tun-

The post-amplifier filter is adjusted to resonate at a constant 30 MHz below
ocal oscillator filter. Tuning the local oscillator filter is achieved by ad-

justing the vanes of the slotted variable capacitor. The tuning mechanism of band-
pass filter assembly 2A1A2A3 is coupled through a variable coupling to the RCVR SIG
tuning mechanism. The MULT PEAK control provides fine tuning facilities of bandpass
filter assembly 2A1A2A3 and frequency multiplier 2A1A2A1.

c. The insertion loss of the post-amplifier filter is 3.0 db db and the bandwidth is
10MHz; insertion loss of the local oscillator filter is 1.0 db and bandwidth is 4.0
MHz .

2-37. Frequency Multiplier 2A1A2A1

a. General. Frequency multiplier 2A1A2A1 provides the final local oscillator
frequency by doubling the frequency of the signal from amplifier-frequency multipli-
er 1RE1A5 over a portion of the band, and tripling it over the remainder of the
band.

Frequency range (MHz)

Multiplication factor Input Output

Times-2 125.0 to 144.75 250.0 to 289.0
Times-3 96.66 to 145.0 290.0 to 435.0

Output frequency selection is continuously variable. The change in multiplication
factor is accomplished  by changing the input frequency to the point where the output
tuned circuit will select the required harmonic. The second harmonic is selected
over the required portion of the band and then the input frequency is stepped down
to the point where the tuned circuit selects the third harmonic. The tuned circuit
is varied by mechanical ganging to the RCVR SIG control and, through an idler trim-
ming arrangement, to the MULT PEAK control.
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b. Detailed Circuit Analysis (Fig. 2-60). Input signals in the range of 95 to
145 MHz at +14 dBm±3 dB are fed through J1 into the 2 db resistive matching net-
work, R1, R2 and R3. The signal is then coupled through L1 and C2 and capacitive
trimmers C3 and C4 to the emitter of harmonic generator Q1. L1, C2, C3 and C4 ex-
tend the vswr frequency characteristics of the input matching circuit. C4 is used
to adjust the input vswr over the operating frequency range. L2, C5 and R4 form a
gain-compensation network (effectively a frequency selection matching network) at
the emitter circuit of Q1, which compensates the gain/frequency roll-off character-
istics of Q1.

(1) The multiplier circuit is a grounded-base transistor amplifier operating as
a class-C amplifier. The output signal at the collector of Q1, rich in harmonics,
is applied to L3. Variable capacitor C1 (externally mounted) and L3 form a tuned,
selective filter, tuned to the required harmonic of the input frequency.

(2) Tuning is adjusted by front-panel control RCVR SIG, trimmed by front-panel
MULT PEAK control. Tracking of the selective filter is adjusted by adjusting the
slug in the L2 coil. C1 is a glass capacitor with a freely sliding cam-operated me-
tal plunger. The cam movement closely follows the tuning laws of bandpass filter
assembly 2A1A2A3.

(3) The direct transmission method used ensures consistent tracking between
frequency multiplier 2A1A2A1 and bandpass filter assembly 2A1A2A3.

(4) The selected harmonic is coupled through C7 to a 3 db matching network, R5,
R6 and R7, and then to output connector P2. The output signal is in the range of
250 to 435 MHz at +8 dbm±3 db. R4 in the Q1 emitter circuit adjusts the level of
the output signal and insures that the output level does not change at the multipli-
cation changeover point.

(5) The output frequency is continuously variable, using the RCVR SIG control
and an idler trimming arrangement actuated by the MULT PEAK control. To accomplish
the MULT PEAK trimming function, a worm gear is permitted to slip back and forth
about 1/2 inch along a square shaft before it starts driving its associated pinion
gear. The worm gear is driven by the RCVR SIG control. As it turns it slips along
the shaft to the stop, where it starts driving the pinion. The MULT PEAK control
turns the pinion gear which then drives the worm gear along the shaft until it
reaches the end of its travel. The effect is for the RCVR SIG control to drive
four-cavity receiver duplexer filter 2A1A1A1Z1, Z2, Z3, Z4 (2A1A1Z1, Z2, Z3, Z4 when
unit is equipped with Amplifier-Converter AM-4316A/GRC-103(V)) and adjust bandpass
filter assembly 2A1A2A3 and the frequency multiplier to a point near the required
tuning point; the MULT PEAK control then tunes the bandpass filter assembly and fre-
quency multiplier 2A1A2A1 to their required tuning points.

2-38. Frequency Mixer Stage 2A1A2A2

a. General. Frequency mixer stage 2A1A2A2 converts the received rf signal to the
30 MHz if signal by mixing the rf signal with a local oscillator signal which is
always 30 MHz above the frequency of the received signal. The two separate inputs
to the frequency mixer stage are the received rf signal at a level of -33 to -73
dbm, and the local oscillator siqnal 30 MHz above the received rf frequencv at a le-
vel of +2 dbm nominal.
nal 2 db below the rf
metering the output of
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Figure 2-60.
Frequency 

Multiplier 
2A1A2A1, 

Schematic 
Diagram.
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b. Detailed Circuit Analysis (Fig. 2-61). The received rf signal is applied
through P2 and a 5 db matching network, R1, R2 and R3, to the base of mixer transis-
tor Q1. Similarly, the local oscillator-signal is applied through P3 and a 17 db
matching network, R1O, R8 and R7, and coupling capacitor C1 to the emitter of Q1.
The two resistive networks help to reduce any mutual interference between the two
input signals and also provide a suitable termination for bandpass filter assembly
2A1A2A3.

(1) Mixing takes place in the emitter-base section of the transistor, which
then amplifies the 30 MHz difference frequency. The amplified 30 MHz difference
frequency (IF) at the collector of Q1 is fed through 30 MHz wideband coupling trans-
former T1 to highpass filter C7 and L4 to output connector J2.

(2) A portion of the incoming local oscillator signal is rectified in CR1 and
connected through rf filter L3 to P1-4 for distribution to the meter (MULT posi -
tion). L3 dnd C6 provide rf filtering while CR2 compresses the meter scale.

2-39. Control-Indicator 2A2

Control-indicator 2A2 is identical to control-indicator 6A3 with the exception of
the coding arrangement. Coding in control-indicator 2A2 is arranged to produce a
local oscillator frequency 30 MHz higher than the receiver frequency. The receiver
channel is indicated on the front panel. The coding arrangement of control-
indicator 2A2 is illustrated in FO-4-33. The construction and operation of control-
indicator 6A3 and 2A2 are described in paragraph 2-28. Use the same formulas given
in paragraph 2-28 to convert the selected channel into the receiver frequency and
vice-versa. To obtain the local oscillator frequency add 30 MHz to the receiver
frequency.

2-40. IF Amplifier System

a. General. The IF system in the receiver includes intermediate frequency ampli-
fier 2A1A2AR1 (located in the receiver rf head), bandpass filter 1RE1FL1 and inter-
mediate frequency amplifier 1RE1AR2 (both located in the receiver fixed head). The
IF system can provide up to 72 db overall gain of the 30 MHz IF signal. Intermedi-
ate frequency amplifier 2A1A2AR1 provides 34 db gain, and intermediate frequency am-
plifier 1RE1AR2 provides 50 db gain, while the insertion loss of bandpass filter 1R-
E1FL1 is 12 db. Automatic adjustment of overall gain over a range of approximately
50 db, depending upon the level of input signal, is provided by automatic gain con-
trol of two stages in intermediate frequency amplifier 2A1A2AR1, and another two
stages in intermediate frequency amplifier 1RE1AR2. Each of the amplifiers has a
broadband response, centered at 30 MHz. All IF response shaping is done in bandpass
filter 1RE1FL1, rather than in interstage tuning circuits, to prevent detuning due
to the wide operating range of the automatic gain control (age).

b. Block Diagram Analysis (Fig. 2-62) (Fig. 2-63 in Receiver Equipped With AM-
431A/GRC-103(v)). The 30 MHz IF signal from frequency mixer stage 2A1A2A2, at a
level ranging from about -35 to -75 dbm (depending upon received signal strength),
is fed into the first stage of intermediate frequency amplifier 2A1A2AR1. Interme-
diate frequency amplifier 2A1A2AR1 is a four-stage (two stages, in receiver equipped
with AM-4316A/GRC-103(V)) low-noise transistor amplifier, gain-controlled over a
range of 15 to 40 db, and is mounted close to frequency mixer stage 2A1A2A2 to pre-
vent noise pick-up and losses in low-level signal cabling. The first stage has a
fixed gain to insure that the noise factor does not change with agc action. The
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NOTES

SYMBOL DESIGNATION UNIT

NONE OHM
R K KILOHM

M MEGOHM

c NONE PICOFARAD
UF MICROFARAD

NONE MICROHENRY
L MH MILLIHENRY

H HENRY

EL5RE061

Figure 2-61. Frequency Mixer Stage 2A1A2A2, Schematic Diagram.
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second and third stages (second stage, in receiver equipped with AM-4316A/GRC-
103(V)) are agc controlled, their total gain being variable over a range of about
20 db (10 db in receiver equipped with AM-4316A/GRC-103(V)). The agc voltage is
generated in the main IF amplifier. The fourth stage (second stage, in receivers
equipped with AM-4316A/GRC-103(V)) provides impedance transformation and very little
gain; the output impedance is stepped down to 50 ohms to match the input impedance
to bandpass filter 1RE1FL1. Bandpass filter lREIFL1 is a passive device between the
output of 2A1A2AR1 and the input to intermediate frequency amplifier 1RE1AR2. The
unit has a closely controlled gaussian-shaped frequency response centered on 30 MHz,
with an insertion loss of 12 db. Intermediate frequency amplifier 1RE1AR2 is a
five-stage transistor amplifier. The first stage has a fixed gain to insure stable
noise performance and input match over the large range of agc operation. The second
and third stages are agc controlled, their total gain being variable over a range of
about 20 db. The fifth stage has a fixed gain and supplies a signal to the agc de-
tector as well as a -3 dbm signal to electrical frequency limiter-discriminator 1RE-
1A4. The agc detector is followed by a dc amplifier which raises
and increases its sensitivity to variations in the received signal
ing circuit (RCVR SIG) located in video amplifier 1RE1AR1 driven by
provides monitoring facilities for the received signal.

the agc voltage
level. A meter-
the agc voltage

2-41. Intermediate Frequency Amplifier

a. Model No. 2A1A2AR1 (CMC 455-650).

(1) General. Intermediate frequency amplifier 2A1A2AR1 is constructed by the
cordwood technique. This technique groups all components of each stage within a
cylindrical shape which is then inserted into a circular hole in a block of cast
aluminum. This type of construction has been chosen for its excellent shielding

Figure 2-63. IF Amplification System (AM-4316A/GRC-103(V)), Block Diagram.
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properties. Intermediate frequency amplifier 2A1A2AR1 contains six cordwood mo-
dules, four of which are similar, single-transistor amplifier stages.

(2) Detailed circuit analysis (FO-4-30). The 30 MHz signal from frequency mix-
er stage 2A1A2A2 is coupled through C3 of amplifier subassembly 2A1A2AR1A4 to the
base of Q1, a fixed-gain transistor stage. Bias for transistor Q1 is derived from a
resistive divider network, R1, R2 and R3, (amplifier subassembly A4) , connected
across the -12 vdc supply. The circuit uses a -12 v emitter supply, since emitter
signal decoupling is more effective due to its lower signal level potential. The
-12 vdc emitter supply is fed through P2 pin 3 into electrical filter assembly 2A1A-
2AR1A6. 11, C1, 13 and C3 fi1ter the -12 vdc supp1y before it is connected to the
other modules. The -12 vdc is further filtered by similar decoupling circuits (L2-
C1 in each module before it is applied through R1 to the emitter of the transistors
in each IF amplifier module. In each IF amplifier AR1 through AR4, C2 is the emit-
ter bypass, R2 is the collector load and L1 is the tuning element to provide a flat
response. The collector output of Q1 in IF amplifier AR1 is coupled through C3 to
the base of Q1 in the next stage, IF amplifier AR2. The second and third amplifier
stages have variable bias applied to the bases of their respective transistors. The
agc voltage derived from the last stage of IF amplifier 1RE1AR2 is fed through P2
pin 6 into electrical filter assembly A6, filtered by L2 and C2, then filtered again
by L3 and C4 in amplifiers AR4, AR2 and AR1 before being applied to the bases of the
transistors in AR2 and AR3 through resistors R3. The variable bias applied to the
bases of the second and third transistors causes the gain of these amplifier stages
to decrease with increasing signal level at the output of intermediate frequency am-
plifier 1RE1AR2. The output stage, IF amplifier AR4, provides impedance transforma-
tion to match the intermediate frequency amplifier 2A1A2AR1 output into bandpass
filter 1RE1FL1. Bias for the Q1 transistor of output stage AR4 is derived in IF am-
plifier AR3 from the -12 vdc supply, filtered by L3, and C4, through resistive divi-
der network, R3, R4 and R5. The output stage has a fixed gain to insure stable im-
pedance matching when the amplifier gain is varied. The amplified 30 MHz output is
then fed through P2 pin 5, and through the receiver distribution box wiring, to
bandpass filter 1RE1FL1 in the receiver fixed head.

b. Model No. 2A1A2AR1 (SM-D-764158).

(1) General. Intermediate frequency amplifier 2A1A2AR1 is a broadband low-
noise age-controlled amplifier centered at 30 MHz, consisting of a two-stage ampli-
fier circuit and a single transistor agc level-shifter. Nominal gain on the ampli-
fier with no agc applied is 36 db.

(2) Detailed circuit analysis (FO-4-31). The 30 MHz from the frequency mixer
stage 2A1A2A2 is coupled through C1 of amplifier subassembly 2A1A2AR1AR1 to the base
of Q1, a fixed-gain transistor stage. Bias for transistor Q1 is derived from a re-
sistive divider network, R1 and R2, connected across the -12 vdc supply. The gain
of transistor Q1 is approximately 10 db and is determined by R3 and R4. L3 tunes
the capacity of transistor Q1 to peak the gain at 30 MHz. The Q1 collector output
is coupled through C6 to the input of integrated circuit dc amplifier A1. The gain
of A1 is controlled by the agc voltage applied to pin 2 of A1. The amplified 30 MHz
output of A1 is then fed to an impedance matching transformer T1 to P2 pin 5 and
through the receiver distribution box wiring to bandpass filter 1RE1FL1 in the re-
ceiver fixed head. The output impedance is set by R9 and four-to-one transformer
T1; this makes the output impedance of amplifier A1 look like 100 ohms. The -12 vdc
supply A1 is fed through P2 pin 3. L7, C1(1 and C9 filter the -12 vdc supply. The
-12 vdc is further filtered by similar decoupling circuits (L4, C4, L5, C7, L1, C2)
before it is applied through resistors R4 and R7 to the emitters of Q1 and Q2. The
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agc voltage derived from the last stage of IF amplifier 1RE1AR2 at P2 pin 6 Is
filtered by L2 and C3 and applied to the base of level shifter Q2. The agc voltage
varies from -9.7 vdc to -10.7 vdc. At -9.7 vdc, the voltage at pin 2 of A1 is -8
vdc and no agc is effected at -10.7 vdc, the voltage at pin 2 of A1 is -4 vdc and
full agc is effected. The range of agc is 10 db nominal and is determined by R8.
When the output signal level of intermediate amplifier 1RE1AR1 Increases, the dc
input to level shifter Q2 will be increasingly negative, and the dc input to
amplifier A1 will become increasingly positive, thus Instituting agc acton.
Continued signal increase from intermediate amplifier 1RE1R1 will result in
further agc action.

Section IV. RECEIVER, RADIO R-1329(P)/GRC-103(V)
R-1329A(P)/GRC-103(V), R-1329B(P)/GRC-103(V)
AND R-1329C(P)/GRC-103(V)

2-42. Functional Block Diagram Analysis of Receiver, Radio R-1329(P)/GRC-103(V),
Receiver, Radio R-1329A(P)/GRC-103(V), Receiver, Radio R-1329B(P)/GRC-103(V)
and Receiver, Radio R-1329C(P)/GRC-103(V) (Fig. 2-64).

a. The receiver fixed head circuits shape and amplify the 30 MHz IF signal,
detect and amplify the video signals, regenerate the pcm signal and extract the
order wire signal, generate the basic crystal-control led frequency used to obtain
the local oscillator frequency, and provide metering and monitoring facilities.

b. Shaping of the 30 MHz IF signal is done in bandpass filter 1RE1FL1, having
gaussian type characteristics. The signal is amplified In intermediate frequency
amplifier 1RE1AR2, which provides approximately 50 db gain, which an agc controlled
gain over a 25 db range. The agc voltage taken from the last stage controls the
gain of intermediate frequency amplifiers 1RE1AR2 and 2A1A2AR1, and is also fed to
video amplifier 1RE1AR1 to provide the RCVR SIG metering facility. The 30 MHz
output of intermediate frequency limiter-discriminator 1RE1A4, where it Is
demodulated to produce the combined video (baseband) and order wire signal.

c. Video signals at the output of electrical frequency 1 Imiter-discriminator
1RE1A4 are shaped and amplified in video amplifier 1RE1AR1. In Receiver, Radios
R-1329, R-1329A, and R-1329B the video amplifier provides three outputs:
12-channel pcm video to pulse form restorer 1RE1A3, pcm regeneration and order wire
extraction; 24-channel pcm video at the receiver case VIDEO connector; and fdm
video at the receiver case FDM connector. In Receiver, Radio R-1329C the video
amplifier provides 12 and 24 channel pcm video to pulse form restorer 1RE1A3 for
pcm regeneration and order wire extraction, and fdm video at the receiver case FDM
connector. In Receiver, Radio R-1329 and R-1329A the video amplifier also monitors
the baseband signals for noise content and provides squelch of regenerated pcm or
fdm video when the noise content indicates that the received signal is below the
minimum operating level. In Receiver, Radio R-1329B and R-1329C the squelch
circuit of the video amplifier (Part No. CMC 455-975-2 in these receivers) has
been de-activated. In addition, the amplifier provides metering facilities for 24
CH PCM, FDM, and RCVR SIG levels.

d. In Receiver, Radio R-1329 and R-1329A, pulse form restorer 1RE1A3 reshapes
the distorted pulses in the pcm pulse train and passes them into the multiplex
equipment through the squelch circuit in video amplifier 1RE1AR1. in Receiver,
Radio R-1329B and R-1329C, the pcm pulse train passes through the same circuit In
video amplifier 1RE1AR1 but the circuit in this amplifier (CMC 455-975-2) has been
de-activated. The pulse form restorer in Receiver, R-1329, R-1329A, and R-1329B
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also produces timing pulses at a 570 kHz bit rate, synchronized with the pcm pulse
train. Recovery of the order wire signal from the combined video/order wire signal
is also done in the pulse form restorer; the recovered order wire signal is then
fed through external cabling  to Receiver-Transmitter, Order Wire RT-773/GRC-103(V).
In addition, the pulse form restorer provides the regenerated 12 CH PCM and OW
metering facilities.

In Receiver, Radio R-1329C, the pulse form restorer 1RE1A3 (SM-D-990510,
CMC Part No. 245-803110-000) fitted is capable of dealing with three different bit
rates. The unit is switched between its two operating modes of 288/576 kb/s and
1152 kb/s by an external control signal. This pulse form restorer receives a
filtered baseband video signal from the video amplifier and regenerates the pcm,
timing and order wire signals. It also contains provision to select a recovered
order wire signal from an external combiner. Under this condition, the external
order wire input signal is routed to the order wire output by means of a relay. In
addition, the pulse form restorer provides the regenerated 12-channel pcm and order
wire metering facilities.

EL5RE064

Figure 2-64. Receivers, Radio R-1329(P)/GRC-103(V), R-1329A(P)/GRC-103(V) and
R-1329B(P)/GRC-103(V), Block Diagram.
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f. Electrical frequency synthesizer 1RE1A2 generates the basic local
oscillator frequency which is doubled in amplifier-frequency multiplier 1RE1A5.
The selection of the basic local oscillator frequency is accomplished, as in the
transmitter, in conjunction with the manually operated control-indicator in the
receiver rf head. Control-Indicator 2A2 (RCVR CHANNEL) coding is chosen so as to
automatically obtain a local oscillator frequency 30 MHz above the frequency of the
receive channel . The RCVR CHANNEL indicator, however, is calibrated to Indicate
the frequency of the receive channel rather than the frequency of the local
oscillator signal.

g . The receiver fixed head power
non-regulated and the +12 volt dc and -12
operate the receiver fixed and rf head c
supply operates from a 115 volt ac, 47 to

supply, 1RE1PS1, produces the 26 volt dc
volt dc regulated voltages required to
circuits and the order wire unit. The power
420 Hz source.

h. Metering facilities are provided in the receiver fixed head for the +12
volt and -12 volt dc supplies; for the output levels of electrical frequency
synthesizer (OSC), amplifier-frequency multiplier (DOUBLER), frequency multiplier
(MULT), antenna transmit signal level (XMTR DUPL), reflected power (REFL PWR),
received signal level (RCVR SIG) , regenerated pcm level (12 CH PCM), video levels
(24 CH PCM and FDM) and recovered order wire output level (OW). Alarm circuits are
provided to Indicate a high received signal condition (HIGH SIGNAL), out-of-lock
condition of the afc loop used to control the output frequency of the synthesizer
(SYNC) an a high-noise condition (LOW SIGNAL).

2-43. Bandpass Filter 1RE1FL1

Bandpass filter 1RE1FL1 is a sealed unit, tuned during manufacture to produce
a closely controlled gaussian frequency response with the following
characteristics: 3 db at ±375 kHz and 60 db minimum at ±,000 kHz. The insertion
loss is 20 db maximum. The frequency response of bandpass filter 1RE1FL1 is shown
In figure 2-65.

FREQUENCY
EL5RE065

Figure 2-65. Bandpass Filter 1RE1FL1, Frequency Response Curve.
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2-44. Intermediate Frequency Amplifier 1RE1AR2

a General. Intermediate frequency amplifier 1RE1AR2 is similar to
intermediate frequency amplifier 2A1A2AR1, being constructed by the cordwood
technique. Intermediate frequency amplifier 1RE1AR2 contains six cordwood modules,
four of which are similar single-transistor amplifier stages.

b. Detailed Circuit Analysis (FO-4-26). The 30 MHz signal from bandpass
filter 1RE1FL1 at P2 Is coupled through C1 to the base of the first amplifier
stage, Q1, which is a fixed-gain amplifier stage to provide a stable impedance
match for the output of the bandpass filter 1RE1FL1. R1 and L1 are the input
terminating resistance and rf load. Bias for transistor Q1 is derived from
resistive divider R2 and R3, connected across the -12 vdc supply line. The
circuit uses a -12 v emitter supply for more effective emitter signal decoupling at
low signal level potentials. The -12 v emitter supply is connected through J2 pin
3 to terminal E1 of rf detector 1RE1AR2A1 then passed in through coupling filters
L2 and C1 of IF amplifiers AR5, AR4, AR3, and AR2 to coupling filter J3 and C2 of
IF amplifier AR1. R5 is the collector load, matching the base impedance of the
next stage. C3 is the emitter bypass, while 12 is a peaking element to provide a
flat response. C5 provides filtering between the -12 v supply and the agc line.

(1) The signal at the collector of Q1 is coupled through C4 to the base
of Q1 In the next stage IF amplifier 1RE1AR2AR2. The second and third amplifier
stages have variable bias applied to the bases of their respective transistors.
The second stage circuit is similar to that of the first stage. Variable bias
voltage (age) is applied to the base of Q1 (second stage) through L4 and R6 of IF
amplifier 1RE1AR2AR1 (first stage). The signal at the collector of Q1 (second
stage) is coupled through C3 to the base of the third stage. Variable bias (age)
for the third stage is appllied through resistor R3 of 1RE1AR2AR2 to the base of Q1
of 1RE1AR2AR3. The fourth and fifth stages are similar fixed-gain amplifiers.
Fixed bias voltage to the bases of the respective transistors is derived from the
-12 vdc supply through resistive divider R3 and R4. The -12 vdc supply is filtered
by L3 and C4 in 1RE1AR2AR3 before being used as bias voltage. The fifth stage IS
the output amplifier. A collector load resistor is not required in this stage
since the inherent collector output impedance (300 ohms) matches the input
impedance of electrical frequency Iimiter-discriminator 1RE1A4. The collector
output is then fed through J2 pin A1 (a coaxial connector) to 1RE1A4.

(2) A portion of this signal Is fed Into rf detector 1RE1AR2A1 and
coupled through C1 to step-up transformer T1. The signal is stepped up by a 2:1
ratio, and rectified in peak detector, CR1, C2, CR2, and C3. The resulting dc
voltage is amplified by Q1, a 2N930-type transistor with high base impedance which
will not disturb the peak detecting action by drawing too much current from the
detector circuit. CR3, a 5.1 v Zener diode, is used to translate the -2 to -3 v
potential at Q1 collector to the -7 to -8 v required for agc action. The agc
voltage, besides being used to adjust the gain of the two intermediate frequency
amplifiers 2A1A2AR1 and 1RE1AR2, is coupled into video amplifier 1RE1AR1 where
it is used for receiver signal metering (para 2-46).

2-45. Electrical Frequency Limiter-Discriminator 1RE1A4

a. General. Electrical frequency
converts the frequency modulation informati
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a baseband signal (video), identical to the baseband signal used to modulate the
synthesizer output in the remote transmitter. Like the two intermediate frequency
amplifiers 2A1A2AR1 and 1RE1AR2, this unit is constructed by the cordwood
principle. The 30 MHz IF input signal Is frequency-modulated at 75 kHz when
carrying fdm traffic, and 180 kHz or 300 kHz when carrying 12- or 24-channel pcm
traffic respectively. Order wire signal deviation at 45 kHz may be present with or
without any of these types of video traffic. The output of the demodulator will be
a video signal at 27 mv rms for fdm traffic, and 53 mv rms or 106 mv rms for 12-
and 24-channel pcm traffic. The order wire signal is contained in the video signal.

b. Block Diagram Analysis (Fig.2-66) . The 30 MHz IF signal at -3 dbm frcm
the intermediate frequency amplifier 1RE1AR2 is amplitude-limited in two
amplifier/limiter stages to insure that amplitude variations will not affect the
demodulated output signal. These stages are similar to the fixed-gain amplifier
stages In Intermediate frequency amplifier 2A1A2AR1 or 1RE1AR2 (para 2-44), with an
additional limiting diode in each collector circuit. The next stage is an
amplifier feeding the primary of a tuned high-tuned low discriminator-transformer.
The two secondary windings are tuned 2.5 MHz above and 2.5 MHz below 30 MHz. The
two transformer outputs are then rectified to reproduce baseband signals. These
signals are then fed through an emitter-follower stage which will prevent the video
amplifier 1RE1AR1 circuits from loading the discriminator circuits. A LEVEL
potentiometer in series with the output signal permits adjustment of the output
level.

Detailed Circuit Analysis (FO-4-22)..c. The 30 MHz IF signal is fed through
connector A1 to the electrical noise limiter 1RE1A4A3 module and coupled through C2
to the base of Q1. Bias for Q1 is derived from the -12 vdc line through resistive
divider R2 and R3. Similar to intermediate frequency amplifier 1RE1AR2 and
2A1A2AR1, -12 vdc is used as emitter supply (rather than +12 v collector supply)
because emitter signal decoupling is more effective at a lower signal level. C1
and L3 provide rf filtering of the -12 vdc supply. L1 is the rf load in the base
circuit and L2 is the rf load In the collector circuit. R1 serves to match the
base Impedance of Q1 to the output impedance of the main IF amplifier. CR1 limits
the level of the signal at Q1 collector. C3 is the emitter bypass. The signal at
the collector of Q1 is then coupled through C4 to the base of Q1 of electrical
noise limiter 1RE1A4A4. Bias for Q1 of 1RE1A4A4 is obtained from the resistive
divider R6, R7 in 1RE1A4A3. The operation of 1RE1A4A4 stage is Identical to that
of 1RE1A4A3. The output of the second amplifier/limiter stage is then coupled
through C3 to the base of Q1, the discriminator divider-amplifier in the
discriminator subassembly 1RE1A4A1.

(1) Bias for Q1 is obtained from -12 vdc through resistive divider R3, R4
in 1RE1A4A30 The primary winding of the discriminator transformer T1, together
with C4 and C1 in capacitor assembly 1RE1A4A5, form a tuned circuit centered on 30
MHz with a flat response around the midband. The tuned center frequency is
adjusted by C1 in 1RE1A4A5. The two secondary windings of T1, together with
capacitors In 1RE1A4A5, form two tuned circuits, one centered on 27.5 MHz (C2 and
C5) and the other on 32.5 MHz (C3 and C6). These circuits are adjusted by C2 and
C3 respectively. R3 and R4 In discriminator subassembly 1RE1A4A1 provide unequal
damping of the secondary tuned circuits in the correct ratio
voltages, as the frequency is shifted above and below the cent

(2) The output voltages from the secondary tuned
by CR1 and CR2 before they are combined in R1 of video ampli

to equalize the output
er frequency.

circuits are rectified
fier 1RE1A4AR1. The
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demodulated signal is then coupled through C1 to the base of emitter-follower Q1.
R1 in the output stage is adjusted to supply zero volts to the base of
emitter-follower Q1 at 30 MHz, and positive or negative voltage as the incoming
frequency shifts above or below 30 MHz. The output at the emitter of Q1 Is then
coupled through C2 to level control R2 and then to A1, the output connector. The
emitter follower is used to isolate the limiter-discriminator circuits from those
of the video amplifier 1RE1AR1.

2-46. Video Amplifier 1RE1AR1

Figure 2-66. Electrical Frequency Limiter-Discriminator 1RE1A4,
Block Diagram.

NOTE

The two mode
guishable by

s of video amplifier 1RE1AR1 are distin-
part numbers CMC 455-975 (SM-C-698003)

(fig. 2-67) and CMC 455-975-2 (SM-C-967354
68). Except where specified otherwise, this
refers to both units.

a. General.  Video amplifier 1RE1AR1 provides the
of the received signal and controls the level and the

(fig. 2-
paragraph

last stage of amplification
frequency response of the

video (baseband) signal. The demodulated signal from electrical frequency
iimiter-discriminator 1RE1A4 contains both video and order wire signals. The video
signal is either 12- or 24-channel pcm traffic or fdm traffic, depending upon the
system requirements. in Receiver, Radio R-1329, R-1329A, and R-1329B, order wire
separation takes pi ace in pulse form restorer 1RE1A3 for both 12-channel pcm and
fdm traffic; order wire separation takes place in the combiner for 24-channel
traffic. in Receiver, Radio R-1329C the order wire separation for 12 and 24
channel pcm and fdm traffic all takes place In the pulse form restorer
((SM-D-99051O) . In all receivers, in addition, video amplifier 1RE1AR1 produces a
dc metering voltage to Indicate the level of the fdm or 24-channel pcm video used
for system line-up, and a dc metering voltage (derived from the agc voltage) to
indicate the received signal level. In Receiver, Radio R-1329, R-1329A, and
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R-1329B, the 12-channel pcm video is then fed Into pulse form restorer 1RE1A3 for
pcm regeneration and order wire separation. Fdm and 24-channel pcm video outputs
are connected to the FDM or VIDEO connectors at the rear of the case through a
resistive divider mounted in the receiver case. In Receiver, Radio R-1329C, the
pcm video is then fed Into pulse form restorer 1RE1A3 for pcm regeneration and
order wire separation. Fdm video output is connected to the FDM and VIDEO
connectors at the rear of the case through a resistive divider and frequency
response equalizer mounted in the receiver case.

Figure 2-67. Video Amplifier 1RE1AR1 (Part No. CMC 455-975) (SM-C-698003),
Block Diagram.
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b. Block Diagram Analysis (Fig. 2-67. and 2-68 ) The input to video amplifier
1RE1AR1 can be either 12-channel pcm at 180 mv peak-to-peak, 24-channel pcm at 300
mv peak-to-peak, or fdm at 26 mv rms, depending on the type of traffic in use. The
incoming signals from electrical frequency limiter-discriminator 1RE1A4 are coupled
through a potentiometer and buffer amplifier Q1 to low pass filter FL1. The
potentiometer adjusts the level of the incoming signals applied to the buffer
amplifier. The buffer amplifier provides impedance matching between electrical
frequency limiter-discriminator 1RE1A4 and the low pass filter. The FL1 low pass
filter shapes the video signals in a gaussian response curve which is 3 db down at
400 kHz and 17.5 db down at 960 kHz. The signal at the output of the filter is
then amplified in a three-stage cascade amplifier Q2, Q3, Q4, with an
emitter-follower output stage. Overall feedback extends the amplifier frequency
response to about 5 MHz to insure that all response shaping is accomplished in low
pass filter FL1. The gain of the amplifier is 100. The output of the
emitter-follower is applied to a cascade emitter-follower stage, Q5 and Q6, which
produces a high-level output signal into a low impedance load.

(1) The signal at the output of the cascade emitter-follower stage is
distributed as follows:

(a) To the receiver case for connecton to the VIDEO and FDM output
connectors for distribution to multiplex equipment.

(b) To pulse form restorer 1RE1A3 for PCM regeneration and order
wire recovery.

EL5RE068

Figure 2-68. Video Amplifier 1RE1AR1 (Part No. CMC-455-975-2) (SM-C-967354),
Block Diagram.
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(c) Through high pass filter  1RE1AR1FL1 to alarm control 1RE1AR1A3
for noise monitoring.

(d) To video monitor 1RE1AR1A2 for video signal metering.

(2) The video signal at the output of Q5-Q6 is coupled through a
potentiometer to the buffer amplifier in 1RE1AR1FL1 which provides impedance
matching between the wideband amplifier and the high pass filter. The
potentiometer is used to adjust the operating point of the low signal alarm
circuit. Hi
of 520 kHz
is then amp
of 100) to
then fed to
output of 
with a snap

gh pass filter FL1 selects a band of high-frequency noise in the range
to 2 MHz and attenuates all frequencies below 500 kHz. The noise signal
lified in a three-stage cascade amplifier, Q1, Q2, and Q3 (with a gain
a level suitable for noise monitoring. The amplified noise signal is
wideband transformer T1 and a bridge rectifier CR1 through CR4. The dc
he bridge rectifier is used to control Schmitt trigger circuit Q4-Q5
action, turn-on turn-off operation. The Schmitt trigger circuit is

used to control the current through the low signal alarm relay.

(3) During normal operating condition, the relay is de-energized and the
regenerated pcm signal from pulse form restorer 1RE1A3 is routed (in video
amplifier SM-C-698003) through a pair of normally-ciosed contacts to the pcm output
connector on the receiver case. Under high noise conditions the relay is energized
and squelches the regenerated pcm while another pair of contacts provides the LOW
SIGNAL alarm. in video amplifier SM-C-967354, the regenerated pcm signal bypasses
this relay.

(4) The video signal for metering is amplified in a two-stage amplifier,
Q1 and Q2, then rectified by CR1 and CR2 to produce a dc signal suitable for
metering the 24-channel pcm and fdm signal levels. Series thermistors provide
temperature compensation. The signal is then made available through separate meter
calibrating resistors to the 24 CH PCM and FDM metering positions. A separate
metering circuit selects a portion of the agc voltage from 1RE1AR2 (through 1RE1A4)
and applies it to the meter in the RCVR SIG position.

c. Detailed Circuit Analysis (FO-4-24) . The incoming video signal is
connected through J1 pin A1 to terminal E1 of video amplifier 1RE1AR1AR1, then
through R1 to the base of buffer amplifier Q1. R1 adjusts the level of the input
signal to the base of Q1. The output at the collector of Q1 is then coupled
through C3 to low pass filter FL1 for final shaping. The output of the filter is
amplified in Q2 and Q3, then applied to the base of emitter follower Q4. C8
prevents any tendancy for spurious oscillation in Q2. The output at the emitter of
Q4 is connected to the base of Q5; Q5 and Q6 are connected as a cascade
emitter-follower across the +12 v and -12 vdc lines such that their output signal
can be nearly 12 v peak-to-peak, if required, into a very low impedance lead. This
output signal is then coupled through C13 directly to high pass filter 1RE1AR1FL1
and video monitor 1RE1AR1A2. A portion of the output signal is fed through R15 and
P1-9 to pulse form restorer 1RE1A3 and through R17 and P1-24 to receiver case 1A2.
Negative feedback taken from the output signal is coupled through R9 and C7 to the
emitter of Q2.

(1) The signal fed into high pass filter 1RE1AR1FL1 is applied through R1
to the base of Q1, which operates as a buffer amplifier to match the output signal
to bandpass filter FL1. FL1 selects the noise components lying between 520 kHz and
2 MHz. This noise is then fed directly to the base of Q1 of alarm control
1RE1AR1A3.
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Q1, Q2 and Q3 amplify the noise signal and apply it to the primary winding 3-4 of
broadband transformer T1. Negative feedback from the Q3 emitter is coupled through
R7 and C3 to the emitter of Q1 to stabilize the amplifier gain and extend the fre-
quency response. The output at the secondary winding 1-2 of T1 is fed to bridge
rectifier CR1 through CR4, and the resultant dc voltage, proportional to the noise
level , is then connected to the base of Q5. Normally Q5 base is held at about -0.6
v by CR5 and R1O and Q5 is therefore cut off. When the voltage at the rectifier
output raises this voltage to +0.7 v, Q5 starts to conduct. This causes the base of
Q4, a PNP transistor, to go negative and drive it into conduction. Q4 emitter-
collector current flows through low signal alarm relay K1, causing it to operate.
When K1 is energized, 26 vdc at P1-5 is connected to the LOW SIGNAL alarm lamp on
the front panel; at the same time another pair of relay contacts breaks the regen-
erated pcm output path, terminating the regenerated pcm output signal into 91 ohm
resistor R17.

NOTE

Video Amplifier 1RE1AR1, Part No. CMC 455-975-2 (SM-C-
967354) (fig. 2-68 and FO-4-25) has the regenerated
pcm output routed directly to P1 pin 11. PCM OUT is
not affected with operation of relay K1.

CR7 is a protection diode for 04. Unstable or intermittent operation of Q1 is pre-
vented, since the noise-generated dc signal at the output of CR1 through CR4 has to
overcome a bias voltage.

(2) The input at video monitor 1RE1AR1A2 is coupled through C1 to the base of
Q1 amplifier. The amplified signal at the collector of Q1 is applied directly to
the base of emitter-follower Q2. The signal at the emitter of Q2 is applied to a
voltage doubler rectifier circuit: C3, CR1, CR2, C4 and R5; L1 prevents spurious
oscillations in Q2. The resulting dc signal is fed through thermistors R1O and R11
which stabilize the metering circuit against temperature variations. R7 and R9 ad-
just the level of the 24-channel pcm signal metering voltage; R6 and R8 adjust the
level of the fdm signal metering voltage.

(3) Receiver signal metering voltage (RCVR SIG) is derived from voltage divider
R14, R15, R16 and CR6, connected across the -12 vdc supply and ground. This voltage
is applied to the positive side of the front panel meter in the RCVR SIG position
while the agc voltage, filtered by L2 and C14 in video amplifier 1RE1AR1AR1, is ap-
plied to the negative side. This arrangement is necessary because the agc voltage
is negative and directly proportional to the received signal level.

2-47. Pulse Form Restorer 1RE1A3 (CMC Part No. 245-455624-000 (SM-D-698146)
Fitted in Receiver, Radio R-1329, R-1329A, and R-1329B)

a. General. Since the original 12-channel pcm pulse train suffers a certain
amount of distortion during transmission over the radio system, the pulses must be
regenerated to their ideal shape in order to obtain a distortion-free signal at the
multiplex equipment. Pulse form restorer 1RE1A3 performs the following major
functions:

(1) Generates timing pulses to retime the relative pulse positions, and
synchronize the multiplex to pulse form restorer 1RE1A3.

(2) Regenerates the original distorted pulses and forms new pulses,
perfectly square and free from noise.
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(3) Recovers the order wire signal from the combined order wire and pcm video
signal.

(a) Pulse form restorer 1RE1A3 is
24-channel pcm

not used when the AN/GRC-103 is carrying
traffic, its functions being taken over by an external 24-channel

combiner. The recovered order wire signal however is brought back into the pulse
form restorer for distribution to the order wire unit.

(b) Order wire recovery also takes place in the pulse form restorer when the
AN/GRC-103 is carrying fdm traffic.

b. Block Diagram Analysis (FO-4-20). The input to pulse form restorer 1RE1A3 is
the composite order wire/pcm signal from video amplifier 1RE1AR1, a 1.0 volt peak-
to-peak train of gaussian-filtered video pulses riding upon an order wire signal of
0.25 volt peak-to-peak. The pcm video train is not modulated with the order wire
signal; the pulse train baseline and peak voltages vary simultaneously at the audio
rate of the order wire signal.

(1) This input signal is applied first to two-stage amplifier Q1 and Q2 of
electrical synchronizer 1RE1A3A3 having an emitter-follower output. Here the signal
is split, one output being fed to the clamp circuit, CR1 and CR2, and the other to a
150 kHz low pass filter of the order wire recovery circuits, (modulation eliminator
1RE1A3A1). The double-diode Clamp circuit sets up a reference dc voltage at the
base of input transistor Q3 of the amplifier/slicer circuit. This is done to remove
the order wire component from the signal and to permit
center of each pcm pulse.

(2) Differential amplifier slicer circuit Q3 and Q6 s
amplifying a small portion of each pcm pulse to sharpen
edqes. The SLICER LEVEL control at the base of the second

slicer triggering near the

ices the pcm pulse train,
the leading and trailing
half of the slicer is ad-

justed to a point on the pulse near the triggered operating point of the input side
to insure that only a small portion of each pulse is amplified in the differential
amplifier Q4 and Q5. The differential amplifier produces two antiphase outputs.
The two antiphase outputs are split; one pair is fed to the differentiators/adder
circuit and the other pair is fed to the dual gate Q5, Q2 in pulse form restorer 1R-
E1A3A2.

(3) The two antiphase pcm trains from the differential amplifier are applied
through two differentiators to adder circuit CR3 and CR4. one differentiator pro-
duces a sharp spike at each transition of the upright pcm signal and the other pro-
duces a spike at each transition of the inverted pcm signal. The adder diodes then
remove the positive-going spikes, leaving a combined train of negative spikes, each
spike representing a transition of the incoming pcm signal. These spikes are then
applied to one side of bistable multivibrator Q7 and Q8. The multivibrator is
alternately triggered by spikes from the adder circuit and by negative spikes from
timing oscillator circuit Q8 and Q9, of pulse form restorer 1RE1A3A2. The output
from the multivibrator is a train of square wave pulses at twice the frequency of
the incoming pcm pulses. The width of these pulses represents the relative phase of
the basic incoming pcm pulse rate and the timing oscillator frequency. These pulses
are then fed through amplifier Q9 and an integrator circuit which will generate saw-
tooth pulses whose amplitude will depend upon pulse width and, therefore, upon the
relative phase of the incoming pcm rate and the timing oscillator frequency.
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(4) The sawtooth pulses are peak detected to produce a dc signal which very
nearly equals the peak voltage of the sawtooth. The resulting voltage is then am-
plified in differential dc amplifier Q1O and Q11 in pulse form restorer 1RE1A3A2 be-
fore being applied to control varactor CR5 in the timing oscillator circuit.

(5) The timing oscillator consists of a free-running multivibrator, Q8 and Q9,
which has a crystal and varactor in series in the feedback loop. The crystal Y1
frequency is 575.9 kHz; the varactor is used to pull its frequency to a nominal 576
kHz. The dc controlling voltage produced from the incoming pulse train is then used
to control the timing oscillator over narrow limits (about 40 Hz) and lock it to the
pulse rate of the incoming pcm. One output of the timing oscillator is fed through
a differentiator to bistable multivibrator 07 and Q8 of electrical synchronizer 1RE-

the frequency control loop. A second output is fed through a differentia-
timing output amplifier Q7.

1A3A3 in
tor to 

(6)
and Q6,
the level
follower
is taken

(7)

The spike output of the oscillator is fed through a two-stage amplifier, Q7
which removes the negative spikes produced in the oscillator, and adjusts
of the positive-going spikes to 2.0 volt. Output stage Q6 is an emitter-

to match the output source impedance to the 91 ohm load. A second output
from the first stage of the output amplifier to dual gate Q5 and Q2.

The timing pulses will pass through the dual gate in the presence of anti-. .- .
phase pcm signals. Thus, one timing pulse will pass through one side of the gate in
the presence of each incoming positive pcm pulse, and one will pass through the
other side of the gate in the presence of each incoming negative pcm pulse. The two
outputs of the dual gate are fed to gated multivibrator Q3 and Q4.

(8) The positive-going timing pulses through the dual gate are used to trigger
the multivibrator to produce the regenerated pcm signal. The output of the multivi-
brator consists of pulses whose leading edges correspond to the leading edge of the
first timing pulse in the presence of a pcm pulse and whose trailing edges corre-
spond to the leading edge of the first timing pulse to occur when no pcm is present.
The regenerated pcm is delayed by approximately 1/2 bit but has none of the distor-
tion and noise of the received pcm video. The multivibrator produces two antiphase
outputs. One output is amplified in Q1 and the resulting 2.0 volts peak-to-peak
pulse in a 91 ohm load is fed to the pcm output connector. The other output is fed
to the order wire recovery circuits in modulation eliminator 1RE1A3A1. This output
also feeds a pcm level metering circuit. When the AN/GRC-103 is used in the fdm
mode, the timing oscillator runs free, producing timing pulses which could cause
noise on order wire or fdm channels. The timing pulses are inhibited by Zener diode
CR7 connected in a voltage divider between the -12 volt dc supply and ground. One
resistor in the voltage divider is the external 91 ohm terminating resistance. When
the 91 ohm load is not connected, due to the radio set being connected to operate in
the fdm mode or the 24-channel pcm mode, the -12 volt dc is fed back through the
6.8 v Zener to timing output amplifier Q7, cutting it off. This action also pre-
vents the pcm regenerator gate and gated multi vibrator from operating.

(9) The order wire recovery circuits are contained in modulation eliminator 1R-
E1A3A1. The second regenerated pcm output of the gated multivibrator is fed to buf-
fer amplifier Q1. The incoming composite signal (inverted in amplifier Q1 and Q2 in
electrical synchronizer 1RE1A3A2) is fed to a 150 kHz low pass filter, R2, C3 and
L1, and emitter-follower Q2. This signal is applied to positive and negative peak
detectors CR1 and CR2, and then to antiphase limiter Q3 and Q4. Q3 and Q4 limit the
level of the regenerated pcm signal to equal the level of the pcm pulses of the in-
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coming composite signal. The composite signal is applied to one side of cancella-
tion potentiometer R11, and the level controlled regenerated pcm is fed to the other
side. When this PCM CANCEL control is correctly adjusted, the two antiphase signals
cancel , leaving only the order wire component to be fed to order wire amplifier Q6.

(10) An equalizer, C1O, R12 and R24, introduces a controlled amount of distor-
tion in the regenerated pcm signal, equal to the distortion present in the incoming
pcm signal. The amount of delay introduced is adjusted by OW NOISE control R24.

(11) The output of the order wire amplifier is fed through a 3 kHz low pass
filter, C12 and L5. The output of the low pass filter is split; one output is fed
through order wire relay contacts K1 to the OW output connector, the other is fed to
the order wire metering circuit, (J7, CR3 and CR4.

(12) When the AN/GRC-l03 is operating in the fdm mode, it is possible for the
slicer to trigger on modulation peaks and generate noise which could interfere with
the fdm or order wire channels. To prevent this, the voltage at the negative peak
detector is used to turn on control transistor Q5, which then clamps one side of
slicer circuit Q6 in electrical synchronizer 1RE1A3A3. The control transistor will
be turned on, since there will be no incoming signal to generate a negative voltage
at the peak detector. Clamping of the slicer circuit in this manner will prevent
the amplification of any spurious input signals.

c. Detailed Circuit Analysis (FO-4-21). The composite order wire/pcm signal from
P1-7 is fed into electrical synchronizer 1RE1A3A3 and coupled through C1 to the base
of Q1. The amplified signal at Q1 collector is connected directly to the base of
Q2, an emitter-follower. The output signal from Q2 is split, one output being used
for pcm regeneration, the other for order wire recovery. The output used for the
recovery of the order wire is fed through E4 to terminal E3 of modulation eliminator
1RE1A3A1. The output used for pcm regeneration is coupled through C2 to double-
diode clamp circuit CR1, C3, R6, CR2, C4 and R7.

(1) C2 attenuates the order wire signals while CR1 and CR2 generate positive
and negative dc voltages at C3 and C4 respectively. These voltages will be equal if
the peak positive and negative excursions of the pcm at Q3 base are equal, relative
to the zero volt line. If the positive excursions are greater than the negative
excursions, the voltage across R6 will be greater than the voltage across R7. Since
R6 and R7 are of equal resistance, this will cause a net positive current to flow
out of C2, causing the dc voltage at Q3 base to change until the positive and nega-
tive voltage excursions relative to ground are equal.

(2) Transistor pairs Q3 and Q4, and Q6 and Q5 are connected in the alpha con-
figuration, in which each pair can be considered as a single very high-gain transis-
tor. These transistor pairs are connected at their emitters to a single resistor
R1O, the whole circuit operating as a differential dc amplifier.

(3) The pcm signal applied to Q3 base is centered at zero volts dc by the clamp
circuit. The differential amplifier, or slicer response is also centered at zero
volts dc by adjustment of SLICER LEVEL control R13; this eliminates the circuit in-
balance due to the tolerances of base/emitter voltages of Q3, Q4, Q5 and Q6. The
outputs at E5 and E6 are each an amplification of the voltage difference between the
Q3 base and the Q6 base. Since the pcm input at the Q3 base is much greater than
the input range of the slicer circuit, the signals at the Q4 and Q5 collectors are
squared-up versions of the input pulses. The signals at the Q4 and Q5 collectors
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are antiphase pcm trains. Each has two outputs, one pair of outputs going through
Q5 and E6 to pcm regeneration circuits on pulse form restorer 1RE1A3A2, and the
other pair of outputs going to two differentiator circuits. The differentiators, C5
and R15, and C6 and R16, produce spikes at each transition of the pulses. CR3 and
CR4 then clip off the positive spikes, leaving a train of negative-going spikes at
their common output. Each spike represents one transition of the incoming pcm sig-
nal.

(4) These negative spikes are applied to the base of Q7, one half of a bistable
multivibrator. Negative timing pulses from the timing oscillator in pulse form re-
storer 1RE1A3A2 are applied to the base of Q8, the other half of the multivibrator.
Triggering of the multivibrator in this manner produces a train of pulses at the Q8
collector whose leading edges correspond to zero crossing of the original pcm pulses
and whose trailing edges correspond to zero crossings of the timing oscillator
pulses.

(5) The pulse rate is twice the pulse rate of the original pcm train; the pulse
width is a function of the difference in time between the zero crossing of the pcm
train, and the zero crossing of the next timing pulse. The signal at the collector
of Q8 is applied through R24 to the base of amplifier Q9; the collector output of Q9
is fed to an integrator circuit, R26, R27 and C7, which converts the video pulses
into sawtooth shape pulses. The peak amplitude of these pulses is proportional to
the width of video pulses and therefore is a function of the difference in frequency
between pcm pulses and timing oscillator pulses. PCM SYNC control R26 adjusts the
nominal sawtooth peak voltage to synchronize the timing oscillator to the pcm sig-
nal. The sawtooth voltage is then fed to the base of Q1O; R28 and C8, a peak detec-
tor circuit at the emitter of Q1O, produces a dc voltage whose level is a function
of the amplitude of the sawtooth signal applied to the Q1O base. The time constant
of R28 and C8 is sufficiently long for very little change in dc voltage to take
place even in relatively long periods between incoming pcm pulses. This dc voltage
is connected through E1O to E9 of pulse form restorer 1RE1A3A2 and applied to the
base of Q11. Q11 and Q1O form an emitter-coupled dc amplifier. Reference voltage
applied to the base of Q1O is derived from the +12 v line by voltage divider R27 and
R28. The input voltage to the base of Q11 is a function of the difference in phase
of the timing oscillator with respect to the zero crossings of the pcm video train.
The output dc voltage at the Q1O collector is filtered by C11, L3 and L2, and then
used to control the capacity of varactor CR5 in the timing oscillator circuit. CR5
is in series with 575.9 kHz crystal Y1. These two components form the frequency
controlling element in the feedback loop of free-running multivibrator Q8 and Q9.
Normal bias on the varactor will pull the crystal frequency to a nominal 575 kHz.
Any deviation from this frequency of the incoming pcm pulse rate will shift the time
relation of the two signals at the bases of bistable multivibrator Q7, and Q8 on
electrical synchronizer 1RE1A3A3. This shift will cause a change in output pulse
width and sawtooth amplitude. The change in sawtooth amplitude results in a change
of dc bias on CR5. This will change CR5 capacity and pull the crystal frequency in-
to exact phase lock with the incoming pcm pulse rate frequency. One output of the
timing oscillator is differentiated in C1O and R23 in electrical synchronizer 1RE1A-
3A3 and passed through CR5 to the bistable multivibrator. CR5 removes the positive
spikes. The resulting train of negative-going timing pulses is fed to the base of
Q8 of bistable multivibrator circuit Q8 and Q7 for

(6) A second output of the timing osci
by R26 and C8, and the train of positive and
Q7 .
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(7) CR3 at 07 collector removes the negative spikes, leaving the positive
spikes to be passed through R19 to the base of emitter-follower Q6. The 2.0 volt
peak-to-peak signal at the Q6 emitter is coupled through C6 to P1-15., the timing
output connection. The second output at the Q7 collector is applied through R16 to
the collectors of a dual gate consisting of Q2 and Q5.

(8) The shaped antiphase pcm pulse trains at the collectors of amplifier-slicer
Q4 and Q5 in electrical synchronizer 1RE1A3A3 are applied through R14 and R6 to the
bases of dual gate circuit Q2 and Q5 in pulse form restorer 1RE1A3AZ. Q2 and Q5
operate in conjunction with Q3 and Q4 bistable multivibrator in which the actual pcm
regeneration takes place. The train of positive-going timing pulses derived from
the timing oscillator is applied through R16 simultaneously to the collectors of Q2
and Q5. Q5 and Q2 are so biased that each transistor will conduct a timing pulse
when the pcm at Q3 is negative or positive respectively. The sliced pcm pulses
applied to the base of Q5 make Q5 conduct for the duration of the pcm pulse. The
first positive timing pulse appearing at the emitter of Q5 (Q5 conducting), switches
Q2 on and simultaneously, by multivibrator action, switches Q3 off. A positive
pulse, for the duration of the pcm pulse and delayed by 1/2 bit, appears at the col-
lector of Q3. Q2 stays switched off until a positive pulse appears at the base of
Q2 making Q2 conduct. The first positive timing pulse to appear at the emitter of
Q2 switches Q3 on and simultaneously switches Q4 off. A positive pulse appears at
the collector of Q4, delayed by 1/2 bit, and remains positive for the duration of
the interval between pcm pulses, or until the next positive-going timing pulse at
the emitter of Q5 switches Q3 off. The action continues in this manner regenerating
a train of pulses which represents the incoming pcm train. This new pulse train
will be delayed by one-half pulse but since it is synchronized by the timing output
pulses the delay has no effect on multiplexer operation. Inverted regenerated pcm
pulses are fed from the Q4 collector through R4 to the base of output amplifier Q1.
The signal at the Q1 collector, -2 v peak-to-peak in 91 ohms, is connected through
E2 to P1-13. Upright regenerated pcm pulses from the Q3 collector are fed through
R5 and C2 to a metering detector, CR1 and CR2. The rectified dc is fed through R1
and E11 to P1-9. A second output from the Q3 collector is connected through E5 to
the order wire recovery circuits on modulation eliminator 1RE1A3A1.

(9) A 6.8 v Zener diode CR7 provides protection against spurious operation dur-
ing the fdm mode of operation, which could cause noise to be induced into order wire
circuits. In normal pcm operation, a 91 ohm termination resistor is externally con-
nected between P1-13 and ground. This resistor, along with R2, forms a voltage di-
vider between -12 volts and ground. The voltage at the CR7 cathode is not high
enough to fire the Zener. In the fdm or 24-channel pcm modes of operation, however,
the external termination is not connected, so the CR7 cathode rises to about -12
volts. The Zener passes about 5.2 volts through L1 to the Q7 collector, effectively
removing all timing pulses. The absence of timing pulses at the collectors of the
Q2-Q5 gate circuit causes gated multivibrator Q3 and Q4 to be inoperative.

(10) The order wire circuits on modulation eliminator 1RE1A3A1 perform their
functions by cancellation of the pcm pulses within the composite signal. The in-
verted composite signal (amplified) at the Q2 emitter of electrical synchronizer 1R-
E1A3A3 is fed through E4 to E3 in modulation eliminator 1RE1A3A1 and applied through
R2 to low pass filter L1 and C3. This filter removes all high frequency noise com-
ponents above 150 kHz and single bits of pcm of the composite order wire/pcm input
signal before being applied in the base of Q2. Q2 passes the order wire/pcm compo-
site signal at an impedance level suitable for peak detection and pcm cancellation,
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and also prevents peak detector voltages from getting into the low pass filter cir-
cuit. The output at the Q2 emitter is coupled through L4, C5 and R1O to one side of
PCM CANCEL potentiometer R11. The composite signal at the Q2 emitter is also coupl-
ed through C6 to positive peak detector CR1, C7 and R4, and to negative peak detec-
tor CR2, C9 and R6. CR1 and C7 clamp the base voltage of Q3 to a peak positive pcm
signal level; CR2 and C9 clamp the base voltage of Q4 to a peak negative pcm signal
level.

(11) Upright regenerated pcm from the collector output of Q3 (pulse form re-
storer 1RE1A3A2) is brought in through E2 and applied to the base of emitter-
follower Q1. The output of Q1 is then coupled through C2 to the emitters of Q3 and
Q4 which effectively clamp the level of the regenerated pcm to the level of the com-
posite pcm pulse amplitude. The level controlled regenerated pcm is then coupled
through C1O to the other side of PCM CANCEL potentiometer R11. When resistor R11 is
correctly adjusted, the two opposite pcm signals will cancel, leaving only order
wire signal components. C1O, R12 and R24 form a phase-shifting network that intro-
duces a low-frequency phase shift into the regenerated pcm equal to that introduced
by the system. This technique eliminates any order wire noise component caused by
an unequal low-frequency phase shift. R24, the OW NOISE control, adjusts the amount
of shift required to equalize the delay in the incoming signal.

(12) The level of the order wire signal is adjusted by OW GAIN resistor R13,
before being amplified by amplifier Q6. C11 attenuates any remaining high frequency
components in the order wire signal. The amplified signal at the Q6 collector
passes through 3 kHz low pass filter L5, and C12 to E1O and relay contacts A3-A2 to
P1-14 for connection to the order wire unit. Some of the signal from L5 is applied
through R17 to the base of Q7. The amplified signal at Q7 collector is connected
through C14 to metering detector circuit CR3 and CR4. The resulting dc is then con-
nected through R23 and E9 to P1-10.

(13) When the AN/GRC-103(V) operates in the fdm mode, the order wire signals
are passed through the path of the composite order wire/pcm signal, passing through
low pass filter C3 and L1, amplifier Q2, and one side of the PCM CANCEL potentiome-
ter to amplifier Q6 and so on.

(14) In the fdm mode of operation
squelched, since there is no incoming
could be caused by noise peaks trigger-

operation, Q5 in modulation eliminator
peak detector voltage on its base and

it is essential that the pcm regenerator
pcm to cancel the regenerated pulses whi

ng the slicer. In the 12-channel pcm mode
1RE1A3A1 is held at cut-off by the negati
so it has no effect on Q6 in the amplifi

slicer circuit in electrical synchronizer 1RE1A3A3. With no incoming pcm this bias

be
ch
of
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er

is removed, permitting it to conduct and cause a drop in voltage at the Q6 base.
This cuts off Q6, in turn cutting off Q5 and Q4, and prevents the amplifier circuit
from operating.

(15) When the system is carrying 24-channel pcm, the order wire recovery takes
place in the combiner unit.

(16) The recovered order wire signal at a level of -4 dbm is connected through
P1-3 and E7 to attenuator R21 and R22. A signal from the multiplex combiner unit is
connected through P1-24 to order wire relay K1 energizing it. The order wire sig-
nal, now at -10 dbm,
nection to the order

is connected through A1 and A2 contacts of K1 to P1-14 for con-
wire unit.
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2-48. Pulse Form Restcrer 1RE1A3 (CMC Part No. 245-803110-000 (SM-D-99051O)
Fitted in Receiver, Radio R-1329C)

a . General. Since the original 12 or 24 channel pulse train suffers a
certain amount of distortion during transmission over the radio system the pulses
must be regenerated to their ideal shape in order to obtain a distortion free
signal for the multiplex equipment. Pulse form restorer 1RE1A3 (Part No.
245-803110-000) performs the following major functions:

external

perfect

(1) Generates timing pulses to retime the pcm stream and to synchronize
multiplexer with itself.

(2) Regenerates the incoming distorted pulses to form new pulses that are
ly square and free from noise.

(3) Recovers the order wire signal from the combined order wire and pcm
video signal. Order wire recovery also takes place in the pulse form restorer when
the AN/GRC-103 is carrying fdm traffic.

b. Block Diagram Analysis, General Circuit Description (FO-4-20.1) The .
input to the pulse form restorer is the composite order wire/pcm signal from VIDEO
AMPLIFIER 1RE1AR1: a 1.4 volt (2.3 volts for the biternary signal of 1152 kb/s)
peak-to-peak train of gaussian-filtered video pulses riding upon an order wire
signal of 0.345 volts peak-to-peak. The pcm video train is not modulated with the
order wire signal. The pulse train baseline and peak voltages vary simultaneously
at the audio rate of the order wire signal. The pulse form restorer is composed of
four principal circuits each mounted on a separate board inside the case. In
addition there Is a voltage regulator mounted externally on the case. The four
circuits that comprise the pulse form restorer are:

Board name Board prefix

Pulse form restorer . . . . . . . . . . . . A2
Modulation eliminator . . . . . . . . . . A1
Electrical synchronizer . . . . . . . . A4
Electrical interface . . . . . . . . . . . A3
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(1) Pulse form restorer board.

(a) This portion of the pulse form restorer receives the video input
signal first. The signal is applied to buffer-amplifier U13 and then to the
lowpass filter which slightly modifies the shape of the pcm pulses. Next the
filtered signal passes through the double diode clamp which removes the order wire
prior to pcm regeneration. The pcm stream,
on to the peak detector circuitry.

(b) The positive and negative
are sensed by a resistive divider, which uses
for both the three-level and binary slicers.

now without the order wire, is passed

peak voltages from the peak detectors
them to set the decision threshold
The output of the three-level slicer

is then decoded and both this decoded signal and the output of the binary slicer
are fed into pcm selector U1O. U1O is a multiplexer used to select one of the two
possible signals depending upon the operating mode of the unit. The decision is
made according to the state of the COMBINER CONTROL input as reflected in the
output signal of gate U1B on the electrical interface board. A "0" indicates the
binary mode of 288/576 kb/s while a "1" represents the biternary mode of 1152 kb/s.

(c) The output of the pcm selector is re-timed by U9A and then fed
to the output interface which acts as a buffer-amplifier. Associated with the
output of the pcm stream is a peak detecting meter. The timing logic circuit
consists in part of U6C, with the remainder being on the electrical synchronizer
board, and aids in the regeneration of the pcm's timing signal. In addition, U1
and U5D form a level detector which measures the peak-to-peak voltage of the pcm.
If this voltage falls below 37% of its expected level, the level detector then
sends a signal to the squelch logic causing pcm regeneration to be inhibited.

(d) Also on the pulse form restorer board are two selectable delays
used to generate appropriately delayed pcm signals needed by the order wire
recovery circuits located on the modulation eliminator board.

(2) Modulation eliminator board.

(a) This section of the pulse form restorer removes the pcm from the
video signal and recovers the order wire. The composite video Is fed through a
delay filter and then to differential amplifier U1. The other input to this
amplifier comes from the automatic level control (a/c) amplifier which generates a
variable amplitude pcm signal under control of the correlator output in the mixer.
The output of the differential amp is the video signal with its pcm component
minimized. A portion of this processed video signali is fed back to the mixer. The
mixer produces a dc signal with its pcm component minimized. A portion of this
processed video signal is fed back to the mixer. The mixer produces a dc signal
proportional to the correlation between the local pcm and the remaining pcm
component in the video signal at the output of the differential amplifier. This dc
signal is corrected and amplified by the loop filter and then fed to the alc
amplifier where it controls the level of the pcm that is subtracted from the video.
All of the above circuitry forms a feedback loop which subtracts from the video a
pcm signal with an amplitude such that the residual pcm component is minimized.

(b) The output of the differential amp is also fed to a lowpass
filter and then to the order wire amplifier which brings the order wire signal up
to its correct output level. This filtered order wire signal travels via a
resistive pad to the output, as welli as to the order wire (OW) meter circuitry.

(3) Electrical synchronizer board.
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(a) This section of the pulse form restorer receives binary and
biternary threshold crossing information from the pulse form restorer board and
uses the information to generate the appropriate timing frequencies fo 576 and 1152
kb/s. Timing selector U9 is a multiplexer which is used to select between the two
sets of signals depending upon the operating mode of the unit. The timing
Information is then fed to the transition pulse generator which produces sampling
pulses of 200 ns width at each crossing of the pcm signal.

(b) A voltage controlled oscillator (VCO) forms part of a feedback
loop whose purpose is to synchronize the oscillators output of 4608 kHz with the
pcm signal. Divider U8 in conjunction with part of multiplexer U9 divides the vco
output by either 4 or 8, for the biternary and binary modes respectively. The
output of the divider splits into two paths, the first going to the integrator,
sample and hold circuit, and loop filter; whose combined function is to analyze the
phase difference between the vco and the pcm and then generate a proportional dc
voltage. This dc voltage is in turn used to control the frequency of the vco thus
minimizing the phase difference of the two signals. The other output from the
divider goes to the phase adjust circuitry that is adjusted to ensure that the
decoded pcm on the pulse form restorer board Is sampled at the correct instant.

(c) The phase adjust circuitry also sends the corrected timing
signal to the pulse generator U4A which produces timing pulses that have a width of
115 ns. Q9 and Q1O form the output interface circuit for this reshaped timing
signal.

(4) Electrical interface board.

(a) The mode select logic, order wire routing, power supply
filtering and squelch circuitry are on this board. The comparators (U2 and U3) in
the mode and order wire select circuitry decode the state of the combiner control
line. Both outputs go to gate U1B which determines the circuit operating mode
(binary or biternary). The order wire select logic controls a relay which selects
either the internal order wire, or external order wire attenuated by the 6 db pad.

(b) This board also contains the squelch logic which cuts in If the
video input signal falls too low, or if the pcm output is unterminated as Indicated
by Q1 and Q2 in the termination detector. Either condition causes the output pcm
and output timing to be turned off. It also automatically inhibits the pcm going
to the modulation eliminator. These operating conditions are intended to inhibit
pcm regeneration when there is no input signal or when the radio is being used for
fdm traffic. In either case, the regenerated pcm would be meaningless and would
hinder order wire recovery, which under these conditions would require only lowpass
filtering.

c. Detailed Circuit Analysis (FO-4-21.1).

(1) Pulse form restorer (Board A2).
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(a) Termination resistor R9 presents the proper impedance to the
incoming signal from the video amplifier’s output circuitry. The operational
amplifier U13 and resistors R1O and R11 form a buffer amplifier to raise the input
signal level by a gain factor of approximately three. The amplifier signal is then
applied to an input filter (R12 and C1) which removes some of the input noise and
modifies the shape of the pcm pulses. R13, Q1, R14, and R43 form an
emitter-follower buffer which drives the subsequent clamping circuit (C2 - C5, CR1,
CR2, R15 and R16) removes the order wire variations from the input video signal
present at the emitter of Q1. if the signal rises above its average level, current
flows through CR1 and into C4. C2 and C3 are thus charged up, which tends to
counteract the upward shift of the video. if the signal drops below its average
level, C2 and C3 are charged up in the opposite sense by current flowing through C5
and CR2. This tends to raise the level of the video signal. By this process the
signal present at pin three of U12 has had most of the low frequency order wire
variations removed. These order wire variations are removed so that they do not
degrade the performance of the pcm recovery circuits. U12 is a unity gain
buffer-amplifier for the video signal once it has been processed by the clamp
circuitry. From here the video signal is fed, via the resistive divider R17 and
R18, to both the peak detector and slicer circuits.

(b) There are two peak detectors; a positive and a negative. The
positive peak detector comprises U8m Q2, U5A, R19 - R23, and C6. When the video
signal at pin 3 of U8 exceeds the peak value at pin 2 of U8, Q2 is turned on and a
current pulse raises the voltage on C6. The voltage raises until it reaches the
peak of the video signal. This peak voltage is thus present at pin 1 of unity gain
amplifier U5A.

(c) The negative peak detector consists of U7, Q3, U5B, R36 - R41,
and C7. The negative peak voltage appears at pin 7 of U5B. When the video signal
at pin 2 of U7 goes below the negative peak value at pin 3 of U7, Q3 turns on and a
current pulse raises the voltage on C7. This voltage is inverted by U5B which also
acts a a buffer. The voltage at pin 7 of U5B thus stays at the negative peak of
the video signal.

(d) The video signal from the resistive divider (R17 and R18) also
goes to the slicers. The slicers are comparators whose outputs are high (approx. 5
v) when the video signal level is higher than a reference voltage and low (approx.
O v) otherwise. In U4, the output goes low when the vide signal is greater than
the reference voltage. The reference voltage is set by two resistive divider
networks, R24 and R27 for the binary signal; and R25, R26 and R28 for the
biternary signals. The binary slicer is ccmposed of U2, while comparators U3 and
U4 act as the two biternary slicers. Resistors R1, R3 and R4 equalize the
resistances seen by the inverting and non-inverting pins of each comparator. This
eliminates slicer offset errors caused by the input bias currents.

(e) The NAND gates U6A, U6B, and U6D form a decoder for the sliced
biternary signal. The biternary signal has three levels. When this signal is
high, it indicates that a “1” was sent; if it is lOW, a “O” was sent; and in the
middle range it indicates that the signal changed from its value during the
previous bit interval. (i.e., from a "1" to a "0" or vice versa). The decoder
transforms the sliced three level biternary signal back to a binary form by
logically analyzing the three levels. The sliced signal is re-timed by flip-flop
U9A directly in the binary case, and after the decoder output of U6D in the
biternary case. The signal present at input pin 2 of U9A also goes to test point
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TP1 on the modulation eliminator board. In this position it is easily accessible
with the cover of the unit still in place. Flip-flop U9B provides a further
re-timing of the recovered pcm. This delayed signal is required by the modulation
eliminator which will be discussed later. U1O is a quadruple multiplexer circuit
which is used to select one of the two sets of signals depending upon the operating
mode of the unit (i.e., either binary or biternary).

(f) U11 is an eight bit shift register. It is timed by the vco
clock from the electrical synchronizer board and provides several delayed pcm
signals for the modulation eliminator. The pulse form restorer also contains the
pcm output driver circuitry. The pcm comes from pin eight of U5D on the electrical
synchronizer board. The driver consists of Q4, Q5, and R44 - R48. Transistor Q4
is a common-emitter buffer which drives the saturating switch formed by Q5. When
the collector of Q5 is loaded with a 91 ohm resistance, the output is either O
volts or -2 volts, depending on whether Q5 is on or off. The emitter or buffer Q4
also drives the pcm metering circuit consisting of CR3, CR4, R49, R50, C11, and
C23 . C23 provides ac coupling while CR4 clamps the lower signal peak to ground.
R49, CR3 and R50 form a peak detector. When this circuit is loaded with a 5 K ohm
resistor, the output voltage is nominally 250 mv when the pcm signal is normal.

(g) This board also contains a squelch circuit comprising U1, U5D,
R29 - R35, R42, C9, and C8. This circuit inhibits the pcm regeneration process
when the video signal is absent. It accepts the positive and negative peak signals
from U5A and U5B which are fed to the differential amplifier U5D, R29 - R31, and
R42 . The output at pin 14 of U5D is the peak-to-peak voltage of the video signal.
This voltage is compared to a threshold by comparator U1. The threshold value is
set by resistors R32 and R33. C8 removes any noise pickup. When the peak-to-peak
video level drops below the threshold, the comparator turns on. R34, R35, and C9
form a delay filter so that the circuit ignores short interruptions. The circuit
output goes to the squelch logic contained on the electrical interface board.

(h) Capacitors C1O and C12 through C22 provide power supply
decoupling.

(2) Modulation eliminator (Board A1).

(a) The inputs to the modulation eliminator board consist of a
filtered video signal and several pcm signals with varying delays. The input video
signal comes from the emitter of Q1 on the pulse form restorer board. It goes to a
Bessel-type delay filter consisting of L1 - L3, C1 - C6, and R1 - R2. C5 and C6
remove the -0.7 vdc offset produced by the base-emitter drop of Q1.

(b) The video signal then goes to a subtraction amplifier consisting
of U1, R3, R4, and R22. This circuit is a dual input, unity-gain, inverting
feedback amplifier. One input is the delayed video signal via R2, while the other
is the adjusted and inverted pcm signal from the feedback loop via R22, which when
combined with the incoming video removes most of the latter’s pcm content. The
output of the subtraction amplifier goes to a correlator circuit, whose main
component, U2, is a multiplier integrated circuit. The recovered pcm signal at E3
Is correlated with the subtraction amplifier output. C7, C8, and C13 provide AC
coupling while C1O - C12 and C14 remove noise and high frequency signal components
from the bias points. R5 and C9 form a lowpass filter. R6, R7, R9 - R12 and R42
provide the input dc bias voltages required by U2. R8 sets the operating current
of the multiplier while R13 sets the input to output gain. R14 and R15 set the
output operating points. C15, C17, C18, and C32 filter the outputs at pins 6 and 9
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at the output of U1. These two dc signals are therefore fed to a differential
amplifier consisting of operational amplifier U4D and resistors R16 - R18 and R43.
The output of the differential amplifier goes to a high gain inverting amplifier
consisting of U4A, R19, R20, R21, C19, and C20. U4A is an operational amplifier.
R19 and R20 set its gain at about 560. C19 and C20 provide further filtering of
the correlator signal.

(c) The signal at pin 1 of U4A is a dc signal which controls the
level of the locally regenerated pcm subtracted from the incoming video signal.
The level is controlled in the alc amplifier consisting of Q1 - Q3, CR3, and R30 -
R33. Q3, R30 and R33 form a current source the magnitude of which is set by the dc
control voltage at the base of Q3. This voltage comes from the high gain amplifier
U4A. Diode CR3 prevents this voltage from going positive by more than 0.7 volts.
The current in the collector of Q3 is swithed between Q1 and Q2, thus creating pcm
signals at the collectors of Q1 and Q2 whose magnitudes are controlled by the
collector current in Q3 and the resistors R31 and R32. Q1 and Q2 are switched by
pcm and inverse pcm signals from the pulse form restorer board which are applied to
their bases.

(d) The pcm signals at the collectors of Q1 and Q2 have a dc
component which Is removed by the differential amplifier consisting of U3, R25 -
R28, C23, and C24. U3 is an operational amplifier whose gain Is set by R25 - R28;
C23 and C24 performing part of the lowpass filtering of the pcm. The other portion
of the pcm lowpass filter consists of R24, R29, C21, and C22. R29 is a
potentiometer which is adjusted to minimize noise in the recovered order wire.
Potentiometer R23 and capacitor C41 form a high pass filter which is intended to
match the low frequency phase response which the video signal sees in passing
through the radio transmitter and receiver. R23 is adjusted for minimum order wire
noise. The output of the subtraction amplifier (pin 6 of U1) goes to a lowpass
filter to remove the remaining high frequency noise components from the order wire
signal. The filter is a third order Chebychev type with a ripple of 0.1 db and a 3
db bandwidth of 3.6 kHz. It is composed of amplifier U4C, resistors R34 - R36, and
capacitors C25 - C29. The output of the filter goes to a buffer amplifier
consisting of U4B, R41, and R37. This amplifier has a gain of 11 so that it can
drive the order wire metering circuitry. The output of the amplifier (pin 7)
drives the resistive pad R39 and R40, which when terminated by 600 ohms give the
correct order wire output level. The amplifier output also goes to the pcm
metering circuitry which consists of R38, CR1, CR2, and C30, in addition to C11 and
R14 on the electrical interface board. CR1 and C30 clamp the negative order wire
peaks to about -0.5 volts while CR2 and C11 detect and hold the positive peaks of
the clamped order wire signal. C16, C31, and C33 - C40 provide power supply
decoupling.

(3) Electrical synchronizer (Board A4).
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(a) Transistors Q1 and Q2 with their associated components form the
voltage control led oscillator (VCO) of the phase-locked loop. Within this circuit,
Q1 acts as an amplifier with R1 and R2 providing a bias of 2.7 volts to the base.
The emitter voltage is thus about 2.0 volts. R6 is used to set up a bias current
of 2 mA through the transistor with R4 and R5 providing a collector load of 500
ohms. L1 and C2 form a tuned circuit which prevents the vco from oscillating at
the various harmonics of its base frequency. Transistor Q2 forms an
emitter-follower buffer with drives the frequency selective network. C3 and C4 are
dc blocking capacitors. R7, R8, and R27 are the dc bias network for the varactor
diodes CR1 and CR2. The capacitance of the varactors varies with the dc control
voltage (from pin 6 of U3) which in turn pulls the frequency of the oscillator. L2
and L4 comnpensate for the median capacitance of the varactors and ensure that the
center frequency of the oscillator is equal to the crystal frequency. The crystal
is an AT cut series resonant with a frequency of 4608 kHz. Inductor L3 turns out
the capacitance of the crystal's case.

(b) The vco output at the collector of Q2 is amplified by the
circuit comprising C5, C6, R11, CR3, and Q3. C5 is an ac coupling capacitor, C6 is
a speed-up capacitor and CR3 keeps the transistor Q3 from being continually
saturated. The output present at the collector of Q3 is a O to 5 volt signal
compatible with the TTL circuits. All integrated circuits used in this unit are of
the TTL variety.

(c) The amplified vco output at Q3 goes to quadruple multiplexer U9
which is used to select between the two sets of signals depending on whether the
unit is operating in the binary or biternary mode. From U9, the vco output travels
to the divider circuit U8, which divides the signal by either 4 or 8. This
variable division is accomplished by connecting the input of the second divider
stage to either the input or output of the first stage via one of the selectors of
multiplexer U9. The signal at pin 8 of U8 is the clock, while the signal at pin 9
Is twice the clock frequency.

(d) The variable phase shifter comprises U6A, U6B, U7A, U7B, R33 -
R36, C16, and C17. This circuit adjust the delay of the re-timing clock which
retimes the sliced video signal at pin 2 of U9A on the pulse form restorer board.
This delay must be set to allow for optimum pcm regeneration. U7A is a monostable
multivibrator with a variable pulse width set by potentiometer R36, fixed resistor
R35, and C17. U7B is a monostable multivibrator with a fixed pulse width set by
R33 and C16. Both monostable multivibrators are triggered by the doubled clock
signal from pin 9 of U8. Each half cycle of the clock Is thus re-timed twice;
first by one multivibrator output and then by the other. This circuit arrangement
allows for accurate adjustment of small time delays which might be less than the
minimum achievable pulse width from one multivibrator acting alone. The clock
signal at pin 8 of U6B is connected to TP1 to permit monitoring of the re-timing
signal during the units alignment. This clock signal then goes to re-timing
fiip-flop U9A on the pulse form restorer board.
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(e) A phase shifted clock from pin 6 of U6A goes to the triangular
wave generator used in the phase comparator. The triangular wave is generated by
lowpass filtering a square wave. The square wave generator consists of Q7, Q8,
CR9, R28, R29, C13, and C14. Q7 is a switching transistor which produces a O to 12
volt square wave. C13 is a speed-up capacitor. The combination of Q8 and Q7 is an
emitter-follower buffer which acts as a low impedance driver for the lowpass
filter-amplifier. The amplifier requires a low impedance drive for both low and
high inputs to produce a symmetrical triangular wave. The triangular wave must
have a very low offset and thus C14 is an ac coupling capacitor used to remove the
dc offset from the amplifier input. The lowpass filter-amplifier consists of U1,
C15, R30, R31, and R32. U1 is an operational amplifier connected in an inverting
mode with input resistor R30 and feedback network R32 and C15. The effect of the
filter is to integrate the square wave to produce the triangular shape.

(f) The triangular wave is sampled by narrow pulses occurring at the
threshold crossing points of the sliced pcm. The threshold crossing information Is
generated on the pulse form restorer board. In the binary case the threshold
crossing signal is the sliced video signal appearing at pin 7 of comparator U2. In
the biternary case the outputs of the two slicers U3 and U4 are combined in gate
U6C, the result appearing at pin 8. These two threshold crossing signals are sent
to the selector circuit on the electrical synchronizer board. The appropriate
signal is selected depending upon the operating mode (i.e., either binary or
biternary). The selected signal appears at pin 4 of U9 and goes to pin 1 of U5A.
The circuit comprising U5A, U5B, U5C, C7, C8, R13, R14, and R15 produces a narrow
pulse on each input transition by an exclusive or function performed by gate U5C.
U5A, U5B, R14, C7, and C8 produce a two stage delay which is necessary to achieve
equal pulse widths on both positive and negative going transitions. The output
pulse appears at pin 11 of U5C.

(g) The sampling switch is a MOSFET transistor (Q6), which is open
when gate G is at +12 volts. Thus, the pulses coming out of U5C must be
transformed to have a peak value of +12 volts and a baseline of -12 volts. This
transformation is accomplished by the high speed drive circuit consisting of Q4,
Q5, CR4, CR5, CR12, R16 - R20, C9, C1O, and C27. Q4 produces O to 12 volt pulses
while Q5 shifts the level into the -12 to +12 volts range. C9 and C1O are speed-up
capacitors and CR4 and CR5 prevent saturation of Q4 and Q5 respectively, thus
allowing for faster switching. CR12 prevents a reverse base-emitter voltage
greater than 0.7 volts from appearing on Q5. C27 gives additional +12 volt power
supply line decoupling. The sampling pulse drive appears at the collector of Q5
and drives the gate of Q6.

capacitor C1
being held
low input b
phase-locked

(h) Q6 samples the triangular wave while resistors R21, R22, and
provide averaging over many samples of the wave, the average value

n C11. U2 is a very high input impedance voltage follower buffer. Its
as currents are required to avoid fast discharge of C11. The
loop can thus tolerate short interruptions of the video input signal.
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(i) The output of U2 pin 6 goes to the loop filter of the
phase-locked loop. This circuit consists of U3, CR6, CR7, CR8, CR1O, C12, and R23
- R26. U3 is an operational amplifier connected in an Inverting mode. The filter
time constants are set by R24, R26, and C12. CR6, CR7, and R23 produce a faster
synchronization when the loop Is out of lock. When the loop is locked, the signal
at pin 6 of U2 Is close to O volts, however, when it is unlocked it swings between
the peaks of the triangular wave and overcomes the diode drops of CR6 and CR7. R23
then appears in parallel with R24 and the gain of the amplifier and hence the
bandwidth of the phase-locked loop is increased. CR8 prevents saturation of the
output stage of U3. CR1O prevents the output of U3 from going too far negative as
this would turn the vco off. It should be noted that CR8 does this as well, but
the forward drop of a zener diode Is normally higher than that of a regular diode.
The output at pin 6 of U3 Is the vco control voltage.

(j) The timing output of the pulse form restorer consists of narrow
pulses. These are produced by the monostable multivibrator U4A. It is triggered
by the clock from pin 8 of U6B. The pulse width (nominally 115 ns) Is determined
by C18 and R37. The output.at pin 4 of U4A goes to the output driver circuit
consisting of Q9, Q1O, C19 - C22, and R28 - R42. Q9 drives the emitter-follower
output buffer of Q1O which when terminated in 91 ohms produces a 2 volt
peak-to-peak ac coupled clock signal. C19 and C20 are speed-up capacitors. C21
controls the rise and fall times of the output timing signal. C22 provides ac
coupling.

(k) This board also contains a pcm delay circuit which is needed to
maintain proper timing relationships between the output pcm and the timing. This
circuit consists of U5D, CR11, R43, R44, and C29. Gate U5D is a buffer for the pcm
output dri
circuitry

ver, (Q4, Q5, etc. on the pulse form restorer board). The remaining
assures correct delay times for positive and negative going transitions.

(1) Capacitors C23 - C26 provide power supply decoupling.

(4) Electrical interface (Board A3).

(a) The mode control circuitry consists of U2, U3, U1B, R1 - R5, and
C7 . The input at E16 can be either an open connection, ground, or a 1K ohm
resistance to ground. These correspond to the operating modes as follows:

Input

Open . . . . . . . .  Bi
Ground . . . . . . . . Bi
1 K ohm . . . . . . . . Bi

Mode

nary with internal order wire.
nary with external order wire.
ternary with internal order wire.
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(b) The bias network R1 and R2 converts these conditions into three
dc levels at pins 2 and 3 of comparators U3 and U2 respectively. C7 filters out
any picked up noise. The bias network of R3, R4, and R5 sets the dc reference
voltages at pins 3 and 2 of U3 and U2 respectively. Comparison of these reference
voltages to the input conditions determines the circuit operating mode. This is
done by comparators U2 and U3 in conjunction with logic gate U1B. The pulse form
restorer operates in the binary mode when the output (pin 4) of U1B is low and in
the biternary mode when the output is high. This mode control signal goes to the
selector circuits of U1O and U9 on the pulse form restorer and electrical
synchronizer boards respectively. Pin 7 of U2 controls the external order wire
selection circuit consisting of relay K1, transistor Q3 and resistors R6 and R7.
R8 and R9 form a pad which adjusts the external order wire signal to the correct
input level. The squelch logic must turn off the pcm retiming and the clock input
when the pcm output is unterminated or when the video level is low. The pcm
termination is detected by the circuit consisting of Q1, Q2, CR1, R1O - R13, R15,
and C9. When the pcm output is terminated with 91 ohms the pcm signal is O to -2
volts. Unterminated, it rises to O to -12 volts. The pcm output signal via R1O
will turn off transistor Q1 part of the time if the pcm output is left
unterminated. This in turn will switch on Q2, discharging C9 and keeping pin 12 of
U1D constantly low. This occurs because the charging time constant of C9 is much
longer than the discharging time constant. The charging time constant Is equal to
C9 times (R13) while the discharging time constant equals C9 times (R13 + R12).
When the pcm output is terminated, Q1 is alwasy on, Q2 always off and pin 12 of U1D
is high. U1D is used here as an inverter.

(c) U1C combines the termination detector squelch signal with the
low video level squelch signal from E1 of the pulse form restorer board. Either
condition causes a “O” level to be produced at pin 10 of U1C. This signal inhibits
pcm re-timing at UJ9A of the pulse form restorer board and also inhibits timing
pulse generation at U4A of the electrical synchronizer board. C5 and C6 provide
decoupling of the supply line from the +5 volt external regulator U1. Filtering of
the ±12 volt supply lines is done by inductors L1, L2, L3; capacitors C1, C2, C3,
C4, C8, and C1O; and ferrite beads Z1 and Z2. The ferrite beads prevent the escape
of internally generated high frequency noise onto power lines.

2-49. Local Oscillator Frequency Generating Chain

a. General. The local oscillator frequency is generated and doubled In the
receiver fixed head then fed to the receiver rf head where it is multiplied to its
final frequency. Local oscillator frequency selection is determined by
control-indicator 2A2, located in the receiver rf head. The basic frequency is
generated in electrical frequency synthesizer 1RE1A2, depending on the coding
information received from control-Indicator 2A2. The output of the electrical
frequency synthesizer is doubled in amplifier-frequency multiplier 1RE1A5 and then
applied to frequency multiplier 2A1A2A1 in the receiver rf head, where It is
doubled or tripled as required. Final control of the local oscillator frequency IS
exercised by tunable bandpass filter assembly 2A1A2A3, before it is applied to
frequency mixer stage 2A1A2A2.
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b. Block Diagram Analysis (Fig. 2-69) Electrical frequency synthesizer
1RE1A2, In conjunction with control-indicator 2A2, generates selected frequencies
In the range of 47.5 to 72.5 MHz. Each of the selected frequency steps is
referenced to a crystal-control led oscillator to provide the required frequency
stability. The local oscillator multiplication factor is times-4 for channel 119
and below and times-6 at channel 120 and above. The channel selector provides a 10
digit binary code to the synthesizer to select the correct basic frequency. An
eleventh digit (control line 13) Is generated between channels 119 nd 120 to change
the frequency steps of the synthesizer output from 125 kHz (times-4 multiplication)
to 83.33 kHz (times-6 multiplication). The decade counter of control-indicator 2A2
within the front panel is offset by 60 channels in the cam coding arrangement.
Thus the frequency of the local oscillator is 30 MHz higher than the frequency of
the received channel as indicated on the front panel. The 47.5 to 72.5 MHz output
of the synthesizer is fed into amplifier-frequency multiplier 1RE1A5 which doubles
the synthesizer output frequency and amplifies the resulting signal to the level
required by the subsequent multipliers in the receiver local oscillator frequency
generating chain. The output rf signal, 95 to 145 MHz at +15 dbm±2 db, is then
fed into frequency multiplier 2A1A2A1, located in the receiver rf head, which
provides the final frequency multiplication. Frequency multiplier 2A1A2A1 doubles
the incoming rf frequency over a portion of the band and triples it over the
remainder of the band (para 2-37).

RECEIVER FIXED HEAD RECEIVER RF HEAD

EL5RE069

Figure 2-69. Local Oscillator Frequency Generation, Block Diagram.
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2-50. Amplifier-Frequency Multiplier 1RE1A5

a. General. Amplifier-frequency multiplier 1RE1A5 is functionally similar to
amplifier frequency multiplier 5TR1A4 (para 2-16), but they are not interchangeable.

b. Block Diagram Analysis (Fig. 2-70). Electrical frequency synthesizer 1RE1A2
output, in the range of 47. 5 to 72.5 MHz at a nominal level of +16 dbm (at 47.5 MHz)
to 12 dbm (at 72.5 MHz), is first fed to low pass filter 1RE1A5FL1. The low pass
filter attenuates all unwanted harmonics generated by electrical frequency synthesi-
zer 1RE1A2 which would otherwise lower the efficiency of the doubler circuit. The
rf signal at the output of the filter is applied to 4 to 1 transformer T1 in
amplifier-frequency multiplier 1RE1A5A1. T1 converts the unbalanced input line to a
balanced output which is then fed into full-wave rectifier CR1. CR1 consists of a
matched pair of hot carrier diodes. Hot carrier diodes provide efficient frequency
doubling with low spurious output. The rectifier output circuits are balanced to
remove the fundamental input frequency and all odd harmonics. Total conversion loss
is about 8 db; the resulting signal is applied to three-stage, stagger-tuned, broad-
band amplifier Q1 through 1)3. The first stage is tuned at the low end of the fre-
quency range, while the second stage is tuned at the high end of the frequency
range; the third stage is tuned at mid-frequency. Amplifier gain is fixed at about
10 db. The output of the amplifier is then coupled to a tuned bandpass filter which
attenuates all unwanted harmonics. The output signal in the range of 95 to 145 MHz
in 50 ohms is fed to frequency multiplier 2A1A2A1 in the receiver rf head. A dc me-

RF FROM
ELECTRICAL
FREOUENCY
SYNTHESIZER
IREIA2

Figure 2-70. Amplifier Frequency Multiplier 1RE1A5, Block Diagram.
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tering signal, derived from the output signal, provides an indication of the actual
power delivered to frequency multiplier 2A1A2A1 (DOUBLER metering).

c. Detailed Circuit Analysis (FO-4-23). The incoming signal is fed through P1-A1
to low pass filter 1RE1A5F L1 conventional LC-type filter mounted on a separate
board. The unbalanced output of the filter is connected across terminals E2 and E1
of amplifier-frequency multiplier 1RE1A5A1 then to terminals 1 and 2 of transformer
T1. The output at pins 3 and 5 is balanced to ground and stepped up in voltage four
times to increase the efficiency of full-wave rectifier CR1, L1, R1, and C3, and L2,
R2, and C4, balanced tuning circuits, eliminate the fundamental frequency and all
odd harmonics of the fundamental. Balance of the two sides of the rectifier output
is achieved by adjusting R1 and R2, the HARMONIC REJECT potentiometers. The output
of the rectifier, at twice the input frequency, is then coupled through C1 C2, C5
and L3 to the base of Q1. C5 is adjusted for optimum input matching to first stage
amplifier (Q1. The output at the collector of Q1 is coupled through C8 and L5 to the
base of (Q2. C11 adjusts the low-frequency portion (95 to 120 MHz) of the amplfier
response. The signal at the Q2 collector is then coupled through C14 and L7 to the
base of Q3. The response of the second amplifier stage is tuned to the high-
frequency portion (120 to 145 MHz) of the amplifier response by C14 and C17. The
wideband response (95 to 145 MHz) of the third amplifier stage Q3 is adjusted by L8.
R9 adjusts the bias of all transistors while R11 compensates for any temperature
variation. The output of the third amplifer stage is fed into a bandpass filter
circuit C22, L1O, C23, C24, L11, L12, C26 which attenuates all unwanted harmonics.
C23 and C24 adjust the response of the bandpass filter. L13 across the rf output
prevents any output impedance variations from  affecting the filter response. The
filtered output at twice the input frequency is then coupled through C28 and E4 to
P1-A2, the rf output connection, for distribution to the frequency multiplying cir-
cuits in the receiver rf head. The DOUBLER metering signal, derived directly from
the rf output, is rectified by CR2 and the resulting dc signal is fed through R12
and FL3 to P1-10.

2-51. Power Supply 1RE1PS1 (Fig. 2-71)

a. General. Power supply 1RE1PS1 converts the 115 vac input voltage to the dc
voltages required for the operation of the receiver and the order wire unit. It
provides regulated outputs of +12 v and -12 vdc for use by all transistor circuits
and 26 vdc unregulated for the operation of relays, indicator lamps and alarm cir-
cuits.

(1) The 115 vac from the AC connector at the rear of the receiver is applied
through the AC POWER circuit breaker to the primary of input transformer T1. The
two outputs of the transformer are individually rectified and filtered; one is used
as the 26 vdc unregulated supply, the other becomes the 24 vdc regulated supply from
which two 12 vdc supplies are derived. Part of the second output voltage, taken
from transformer T1, is fed into a pre-regulator circuit, which provides a constant
current to the 24 vdc regulator circuit.

(2) In the regulator circuit, a sample of the 24 vdc regulated output is com-
pared with a reference Zener diode voltage in a dc amplifier circuit. Any variation
in the 24 vdc output will produce an error voltage at the output of the amplifier
Q1-Q2. This error voltage is then amplified and fed back to control the impedance
of transistors Q1 and Q2 in series with the 24 v output line. The change in impe-
dance changes the output voltage in the proper direction to restore it to the preset
nominal value. This nominal value is adjusted by the 24 V VOLTAGE ADJUST control.
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The amplifier voltage regulator circuits are provided with a short circuit protec-
tion device. Zener diode CR4 in series with the 24v output voltage limits the cur-
rent through Q2 of the series regulator in the event of short circuit, the 24 v sup-
ply circuit being restored to normal when the short circuit condition is removed.

(3) The pre-regulator voltage increases the overall efficiency of series regu-
lator Q1-Q2. This voltage is held constant above the regulated output voltage by
Zener diode CR3 and is applied in parallel with the feedback control voltage to the
base of Q2. The ripple on the output line is cancelled by a ripple feedback circuit
adjusted by a HUM NEUTRALIZE control.

(4) The +12 vdc and -12 vdc supplies are derived from a pair of complementary
shunt regulators, Q3 and Q4, which establish a zero reference (ground) potential
exactly midway between the positive and negative sides of the 24 vdc supply. (Q3 and
Q4 also provide return paths for unbalanced current between the two 12 vdc supplies.
The reference point is set by the 12 V VOLTAGE ADJUST control.

(5) The metering voltages are taken from the +12 vdc and -12 vdc outputs, re-
ferenced to Zener diode voltages, and adjusted by individual meter calibration po-
tentiometers in their respective voltage divider circuits.

b. Detailed Circuit Analysis (FO-4-27).

(1) 26 vdc unregulated supply. The 115 vac source voltage is applied through
P2-6 and P2-7 to the primary winding 1-2 of input transformer T1. The output at
terminals 3 and 4 is rectified in A1 and the resulting 26 vdc is connected to P2-4
and P2-5 for distribution. C1 and CR1, connected across the 26 vdc line, provide
filtering and overvoltage protection.

EL5RE071

Figure 2-71. Power Supply 1RE1PS1, Block Diagram.
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(2) 24 vdc regulation. The output at terminals 5 and 6 of T1 is fed to recti-
fier A2 and to the pre-regulator circuits in voltage regulator amplifier 1RE1PS1AR1.
The 24 vdc output of A2 is filtered by L1 and C2, is then fed to the collectors of
Q1 and 42, the series regulator circuit. Zener diode CR2 provides overvoltage pro-
tection of the 24 vdc line. Series regulator transistors Q1 and Q2 (mounted on the
heat sink) are connected in a high-gain dc amplifier arrangement, the emitter of Q1
being the regulated output line. The reference voltage for the 24 vdc series regu-
lator is developed from the 24 v line through Zener diodes R9, CR5 and CR6 in vol-
tage regulator amplfier 1RE1PS1AR1. The reference potential of 12 v across CR5 and
CR6 at the base of transistor Q2, is reflected in the Q1 emitter circuit by emitter-
follower action to provide base-emitter temperature compensation for Q1. The vol-
tage at the base of Q1 is derived from voltage divider R6, R7 and R8, connected
across the 24 v output line. 24 V VOLTAGE ADJUST potentiometer R7 sets the series
regulator output voltage to nominal. The peak potential taken across terminals 5
and 6 of transformer T1 is fed through J2 pins P and S to full-wave rectifier CR1
and CR2 in voltage regulator amplifier 1RE1PS1AR1, to be used as a pre-regulator
voltage. C4 filters the pre-regulator voltage. The output of CR1 and CR2, clamped
6 v above the regulated 24 v by CR3, is fed through R1 and R2 to the collector of
Q1, and through P1-U to the base of Q2 of the series regulator circuit. The con-
stant current source to the base of Q2 effectively provides a second feedback con-
trol voltage in parallel with the control voltage derived from potentiometer R7 and
applied to the base of Q1. Any change in the 24 vdc output voltage will cause a
change in the Q1 emitter-collector; this change in current will be added or sub-
tracted from the current to the base of Q2 of the series regulator. This will
change the (/2 emitter-collector impedance and simultaneously change the voltage drop
across Q1 in the correct direction to compensate for the change in the output vol-
tage, thus restoring the 24 vdc output voltage to nominal. R28 and CR4 form an
over-current protection device for series regulator circuit Q1 and Q2. The voltage
drop across R28, Q1 and Q2 will approach 4.3 v as the current approaches 2.2 am-
peres. As it reaches 4.3 v, CR4 fires and causes the voltage at Q2 base to drop,
by-passing the nominal feedback control voltage and limiting the current through Q1
to 2.2 amperes. This current-limiting function effectively protects the power sup-
ply against any direct short circuit, restoring the voltage to normal as soon as the
short circuit has been removed. Ripple voltage of the pre-regulator supply is fed
through R3 and R5 (HUM NEUTRALIZE potentiometer) to the base of control transistor
Q1 in the correct polarity to neutralize the ripple in the regulated output.

(3) +12 v and -12 vdc regulated supply. The center zero voltage reference
point is maintained exactly midway between +12 vdc and -12 vdc by the action of
shunt regulator transistors Q3 and Q4, mounted on the heat sink. Q3 and Q4 act as
load resistances across the +12 vdc and -12 vdc supplies and as Such equalize the
current around the zero reference value. The circuits that control the +12 v and
-12 vdc shunt regulation consist of transistors Q3 through Q6 of voltage regulator
amplifier 1RE1PS1AR1. Zener diode CR7 provides the reference voltage used in the
shunt regulator control circuit. CR7 clamps the Q4 base voltage 6 volts below the
dc common (ground) line. The Q3 emitter is connected to the emitter of Q4, effec-
tively clamping it to the reference voltage. The voltage at the base of Q3 (voltage
regulator amplifier) is taken through divider R1O, R11 and R12 across the 24 vdc re-
gulated supply, and adjusted by R11 to set up the zero reference point at Q3 collec-
t o r . If the output currents on the +12 v and -12 vdc lines become unbalanced, this
zero reference level will tend to drift toward one of the output voltages; this will
cause a change in the Q4 emitter current (voltage regulator amplifier 1RE1PS1AR1 -
A R 1 ) . Since the Q4 base is clamped to the same voltage as the (J3 collector by the
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action of Zener diode CR7, its collector voltage will change and will permit either
Q5 or Q6 to draw base current. Since Q5 is a PNP transistor and Q6 is an NPN tran-
sistor, their reactions to a change in base voltage are complementary. As a result,
either shunt regulator transistor Q3 or Q4 on the heat sink will draw emitter-
collector current to balance the two current load. Capacitors C2 and C5 prevent the
regulator circuits from oscillating. Thus if the +12 v current exceeds the -12 v
current, Q4 will pass the imbalance current, and if the -12 v current exceeds the
+12 v current, Q3 will pass the imbalance current.

(4) Metering circuits. The metering voltages of the +12 vdc supply are taken
from voltage divider R21, R22 and R23, across the +12 vdc supply, and fed through
R29 to the +12 V meter connection on the front panel. The negative side of the me-
ter (meter common) is returned to a 6 volt reference voltage across CR8, thus esta-
blishing an expanded scale for meter reading. A 10 percent of full scale deflection
on the meter scale represents a 0.5 v change in the output voltage. R22 is the 12
vdc meter calibration potentiometer. A similar meter circuit is provided for the
-12 vdc supply, which is derived from voltage divider R18, R19 and R20. The -12 vdc
metering voltage is referenced to Zener diode CR9. R19 is the -12 vdc meter cali-
bration Potentiometer.

2-52. Receiver Metering Circuits

a. General. The receiver metering circuits include a 100 microampere meter which
is connected into the various metering circuits by a 12-position rotary selector
switch. The receiver metering circuits give an indication of power and voltage le-
vels throughout the receiver fixed and rf heads. The meter has a O to 100 scale
with a green band in the center. For any selector switch position marked with a
green dot, a normal meter reading should fall within the green band. Each metering
circuit has its own meter-matching circuit and a calibration resistor so that this
single meter can serve to indicate various power and voltage ranges. The following
chart lists the metering circuits of the receiver and their nominal indications:

Scale reading
Switch position Nominal value (percentage of full-scale)

REFL PWR
XMTR DUPL
OSC
DOUBLER
MULT
RCVR SIG
12 CH PCM
24 CH PCM
FDM
OW
+12 v
-12 v

 Zero Power
 20 watts (antenna)
 25 milliwatts

30 milliwatts
+6 dbm

 -74 dbm (antenna)
 2.0 v pp/91 ohms
265 milliwatts rms 51 ohms
-4 dbm/91 ohms
-10 dbm/600 ohms
+12 vdc
-12 vdc

10
65
50
50

40 to 50
50
50
50
50
50
50
50

b. Metering Circuits Analysis (Fig. 2-72, 2-73, 2-74). For point-to-point tracing
of metering circuits, refer to FO-4-28.
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(1) REFL PWR metering (position 1). The REFL PWR metering gives an indication
of reverse power at the antenna connector. The rf signal from the reverse-power
coupling probe is detected, to produce a dc signal proportional to the amount of re-
flected power sensed through power monitor 2A1A5. A thermistor connected across the
detector circuit provides a constant output independent of temperature. The result-
ing dc signal is fed through distribution box 1A2A1 into monitor panel 1RE1A1 and
meter selector switch S1-A (meter positive). The negative side of the meter is re-
turned through S1-B and the distribution box to the meter common point in the re-
ceiver rf head. Normal indication is almost zero power (less than 10 percent of
full scale).

(2) XMTR DUPL metering position 2).
(

The XMTR DUPL metering circuit gives an
indication of the forward output) power at the ANT. connector. A thermistor-
controlled detector circuit in series with the forward power coupling probe produces
a dc signal proportional to forward power going through power monitor 2A1A5 (para
2-31). The thermistor, connected across the detector circuit, provides the same
output independent of temperature. The dc signal is fed through distribution box
1A2A1 to monitor panel 1RE1A1 and meter selector switch S1-A (meter positive). The
meter common is returned to ground at the receiver rf head through the distribution
box. A nominal 20 watts at the antenna will produce a 65 percent meter indication.

(3) OSC metering (position 3). The OSC meter position gives an indication of
the electrical frequency synthesizer 1RE1A2 output signal as it is fed into
amplifier-frequency multiplier 1RE1A5. A portion of the rf signal at the output of
modulator-oscillator 1RE1A2A2 (para 2-4) is rectified by CR4 to produce a dc meter-
ing signal proportional to the rf signal. The dc signal is then fed through R20 and
FL5, through interconnecting box 1RE1A2A1 in electrical frequency synthesizer 1RE1-
A2, and monitor panel 1RE1A1 to meter selector switch S1-A (meter positive). The
meter return is grounded at interconnecting box 1RE1A2A1 (FO-4-3). A 50 percent of
full scale indication on the meter is equivalent to approximately 25 milliwatts rf
output. 40 to 60 percent of full scale represents a synthesizer output ranging
approximately from 15 to 40 milliwatts. In synthesizers equipped with modulator-
oscillator 1RE1A2A2 CMC No. 220-800159-000, a portion of the rf signal at the output
of the modulator-oscillator is rectified by CR6 to produce a dc metering signal pro-
portional to the rf signal. The dc signal is then fed through R31 and FL5 to the
meter selector switch and the meter. Synthesizer outputs of 20 to 40 milliwatts
(+12.5 to +15.5 dbm) will produce 20 to 80 percent full-scale deflection on the me-
ter (fig 2-73).

(4) DOUBLER metering (position 4). The DOUBLER metering signal is derived from
the rf output of amplifier-frequency multiplier 1RE1A5 (para 2-49) which is used to
drive frequency multiplier 2A1A2A1 (para 2-37). A portion of the output signal is
rectified in CR2, then filtered by R12 and C27 to produce a dc voltage suitable for
metering. The dc signal is then fed through interconnecting box 1RE1A2A1 to monitor
panel 1RE1A1 and meter selector switch S1-A (meter positive). The metering return
line is fed through interconnecting box 1RE1A2A1 to frequency multiplier 1RE1A5.
The meter circuit has been calibrated to give a 50 percent of full scale indication
for a nominal 30 milliwatt (+13 dbm) output signal. 40 to 60 percent of full scale
meter indications represent approximately 20 to 35 milliwatts output signal.

(5) MULT metering (position 5). The MULT metering signal gives an indication
of the local oscillator signal level and is taken at the input. to frequency mixer
stage 2A1A2A2. A portion of the local oscillator input to the frequency mixer stage
is rectified by CR1 and filtered to produce a dc signal suitable for metering. The
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dc voltage is fed through distribution box 1A2A1 to moni
selector switch S1-A (meter positive). The meter common
rf head through distribution box 1A2A1. A local oscill
provide a 40 to 50 percent of full scale indication.

tor panel 1RE1A1 and meter
is returned to the receiver
ator signal of +6 dbm will

(6) RCVR SIG metering (position 6). The RCVR SIG metering gives an indication
of the level of the incoming received signal at the antenna connector. The metering
signal is derived from the agc voltage generated in intermediate frequency amplifier
1RE1AR2, which adjusts the gain of the receiver IF amplification system. The agc
voltage from intermediate frequency amplifier 1RE1AR2 is routed through electrical
frequency limiter-discriminator 1RE1A4 into video amplifier 1RE1AR1. The agc vol-
tage is then fed through inductor L2 to monitor panel 1RE1A1 and through diode CR1
of circuit card assembly 1RE1A1A3 to switch S1-B (position 6) and the negative side
of the meter. RCVR SIG ADJ control potentiometer R1 of circuit card assembly 1RE1A-
1A3 is connected across the meter at this position and calibrates the scale to indi-
cate 50 percent of full scale deflection for a -74 dbm received signal at the anten-
na port. The positive side of the meter is returned through S1-A to video amplifier
1RE1AR1 to a point on voltage divider CR6, R14, R15 and R16 connected between -12 v
dc and ground. R1b is the meter zero adjustment when no signal is present at the
antenna connector.

(7) 12 CH PCM metering (position 7). The 12 CH PCM metering provides an
indication of the regenerated pcm level at the output of pulse form restorer
1RE1A3. In Receiver, Radio R-1329, R-1329A, and R-1329B the non-inverted
regenerated pcm pulses from the gated multivibrator (para 2-47) are fed through R5
and C2 to metering detector CR1 and CR2. The rectified dc signal, suitable for
level metering, is fed through RI annd PI-9 to monitor panel 1RE1A1 and switch S1-A
(meter position). The meter common is returned to ground In pulse form restorer
1RE1A3. The meter is calibrated to indicate 50 percent of full scale for a 2.0
volt peak-to-peak (in 91 ohms) regenerated pcm output signal. In Receiver, Radio
R-1329C the emitter of buffer Q4 drives the pcm metering circuit (fig. 2-73.1).
When this circuit is loaded with a 5 k ohm resistor, the output voltage is
nominally 250 mV (50%) when the pcm signal is normal. The rectified dc signal,
suitable for level metering, is fed through P1-9 to monitor panel 1RE1A1 and switch
S1-A (meter position). The meter common is returned to ground in pulse form
restorer 1RE1A3.

(8) 24 CH PCM and FDM metering (positions 8 and 9 respectively). 24 CH PCM and
FDM metering give an indication of the video levels at the receiver output; these
levels are used mainly for system line-up. The metering voltages are derived from
the video output of video amplifier 1RE1AR1 (para 2-46). A portion of the video
output is amplified in a two-stage amplifier, then rectified to produce dc signals
suitable for metering. The metering circuit is stabilized for varying temperatures
by two thermistors in series. The metering signal is then split into two paths; the
24 CH PCM metering signal is taken through R7 and R9 to monitor panel 1RE1A1 switch
S1-A (meter positive). R9 adjusts the level of the 24 CH PCM metering voltage to
indicate 50 percent of full scale when the video output level at the VIDEO OUT con-
nector is 265 millivolts rms in 51 ohms (equivalent to a ±300 kHz peak deviation).
The fdm metering signal is taken through R6 and R8 to monitor panel 1RE1A1 and
switch S1-A (meter positive, position 9). R8 adjusts the level of the fdm metering
voltage to indicate 50 percent of full scale when the video output level at the fdm
connector is -4 dbm in 91 ohms (equivalent to ±75 kHz peak deviation). The meter
common of both 24 CH PCM and FDM is returned to the -12 volt dc line in video ampli-
fier 1RE1AR1.
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Figure 2-73. Receiver Metering Circuit for Electrical Synthesizer 1RE1A2
Equipped with Modulator-Oscillator 1RE1A2A2 (Part No. CMC
220-800159-000), Simplified Schematic Diagram.
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(9) OW metering (position 10) (Receivers R-1329, R-1329A, and R-1329B).
The OW metering circuit provides an Indication of the recovered order wire signal
level at the output of pulse form restorer 1RE1A3. A portion of the recovered
order wire signal is first amplified, then rectified In metering detector circuit
CR3 and CR4. The resulting dc signal is then connected through R23 to monitor
panel 1RE1A1 and switch S1-A (meter positive). The meter common is returned to
ground in pulse form restorer 1RE1A3. A 50 percent of full scale indication is
equivalent to an order wire signal level of -10 dbm in 600 ohms.

(9.1) OW metering (Receivers R-1329C). The OW metering circuit provides
an indication of the recovered order wire signal level at the output of the pulse
form restorer 1RE1A3. The recovered order wire signal from the buffer amplifier U4B
is rectified in metering detector circuit R38, CR1, CR2, and C30 on the modulation
eliminator board in addition to C11 and R14 on the electrical interface board (fig.
2-74). The resulting dc signal is then connected through P1-10 to monitor panel
1RE1A1 and switch S1-A (meter positive). The meter common is returned to ground in
pulse form restorer 1RE1A3. A 50% of full scale indication is equivalent to an
order wire signal level of -10 dbm in 600 ohms.

(10) +12 V and -12 V metering (positions 11 and 12 respectively). The +12 V
and -12 V metering voltages are derived from the corresponding outputs of voltage
regulator amplifier 1RE1PS1AR1 of power supply 1RE1PS1 (para 2-50). Metering vol-
tage for the +12 vdc regulated supply is derived from voltage divider R21, R22 and
R23, across the +12 vdc supply, and fed through R29 to monitor panel 1RE1A1 and
switch S1-A (meter positive, position 11). The meter common is returned to voltage
regulator amplifier 1RE1PS1AR1 and connected to the cathode of diode CR8 which
raises its potential to 6 volts, thus establishing an expanded scale for letter read-
ing. Control R22 adjusts the meter reading to indicate 50 percent of full scale for
12 vdc. A 10 percent variation on the meter scale represents a 200 millivolt change
in output voltage. Metering voltage for the -12 vdc regulated supply is derived
from R20, R19 and R18 across the -12 vdc circuit and fed through R25 to monitor pa-
nel 1RE1A1 and switch S1-A (meter positive, position 12). The negative side of the
meter is returned to voltage regulator amplifier 1RE1PS1AR1 and connected to the
cathode of diode CR9 to obtain an expanded meter scale. Potentiometer R19 adjusts
the meter to indicate 50 percent of full scale for -12 vdc. A 10 percent variation
on the meter scale represents 200 millivolts change in output voltage.

2-53. Receiver Alarm Circuits

a. General. The receiver alarm circuits are part of monitor panel 1RE1A1 (front
panel of receiver fixed head) and work in conjunction with the alarm circuits in the
receiver fixed head, electrical frequency synthesizer 1RE1A2, and video amplifier
1RE1AR1, and electronic switch 2A4 in the receiver rf head. Monitor panel 1RE1A1
includes alarm control 1RE1A1A2, four indicator lights (AC POWER, SYNC, LOW SIGNAL
and HIGH SIGNAL), one buzzer and three manually-controlled switches (AC POWER ON-
OFF, BUZZER OFF, and BUZZER OFF-ALARMS NORMAL). The buzzer sounds when a change of
state occurs in the associated alarm circuits. A fault will cause the buzzer to
sound. Pushing the BUZZER OFF switch silences the buzzer. Once all fault indica-
tions are corrected, the buzzer will sound again until the BUZZER OFF switch is
operated again. A built-in switch (BUZZER OFF-ALARMS NORMAL) enables the buzzer to
be muted and the lamps dimmed during testing, alinement, and correction of fault
conditions.
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b. Indicator Alarm Circuits Description. . . .and (Fig. 2-75). For point-to-point
tracing of indicator and alarm circuits, refer to FO-4-28.

(1) Ac input circuit. When ac power is switched on, +26 volts dc from power
supply 1RE1PS1 is fed through P2-4 and J1-4 into monitor panel 1RE1A1, and through
E11 of alarm control 1RE1A1A2 to one side of buzzer control relay K1 and to AC POWER
indicator lamp DS1, through R7 and E14. The 26 vdc is returned through J1-5 and P2-
5 to power supply 1RE1PS1. +26 volts dc is also applied through the BUZZER OFF-
ALARMS NORMAL switch (in the ALARMS NORMAL position) to one side of the buzzer. The
dc path through the buzzer is closed through contacts of buzzer control relay K1.

(2) SYNC (aft) alarm. The SYNC alarm circuit operates in conjunction with SYNC
alarm relay K1 in amplifier-monitor 1RE1A2A3 (para 2-14) of electrical frequency
synthesizer 1RE1A2. Normally the SYNC alarm relay is held operated by the afc SYNC
alarm detector circuit and by the clock pulse D integrator. The SYNC alarm relay
drops out either when afc voltage is outside limits or when clock pulse D is absent.
The operating range of the SYNC alarm relay (2.5 volts to 10 volts on the afc line)
is established by Zener diode CR3 and potentiometer R3 and corresponds to frequency
control limits in the VCO. When the afc voltage is outside these limits, the afc of
the vco has been lost, and the SYNC alarm relay drops out. Normally clock pulse D),
fed into the integrator, holds control transistor Q4 operated and in turn relay con-
trol transistor Q5 is cut-off and the SYNC alarm operates. In the absence of clock
pulse D the relay drops out. When the relay is de-energized the +26 volt dc path
through SYNC indicator lamp DS3, the buzzer control relay, and control diode CR1 in
alarm control 1RE1A1A2 is closed. The circuit passes through monitor panel 1RE1A1,
and interconnecting box 1RE1A2A1 of electrical frequency synthesizer 1RE1A2, to
amplifier-monitor 1RE1A2A3. The SYNC lamp illuminates and the buzzer sounds; the
BUZZER OFF switch silences the buzzer while the alarm condition is being corrected.
When normal operating conditions are restored, the SYNC alarm relay in the synthesi-
zer is energized, and opens the +26 volt dc path. The SYNC indicator lamp is out,
the buzzer relay drops out, and the buzzer sounds. Pushing the BUZZER OFF switch
restores buzzer circuits to normal.

(3) LOW SIGNAL alarm. The LOW SIGNAL alarm circuit operates in conjunction
with the low signal alarm circuits in video amplifier 1RE1AR1 (para 2-46) and pro-
vides an alarm indication and squelch of the pcm signal when the noise content de-
termines that the received signal is
of the amplified video signal (VIDEO
high-frequency noise components (520
first amplified, then rectified in al
is used to control Schmitt trigger 
tion. Normally the Q5 base is held
tage at the rectifier output raises

below the minimum operating level. A portion
OUT) is fed through a filter which extracts the
kHz to 2 MHz). The extracted noise signal is
arm control 1RE1AR1A3. The resulting dc signal
circuit Q4 and Q5, with a turn on/turn off opera-
at about -0.6 v by CR5 and R1O. When the vol-
he voltage at the Q5 base to about +0.7 v, cor-

responding to a received signal level of -99 dbm at the antenna connector, Q5 starts
to conduct. This causes the base of Q4, a PNP transistor, to go negative and drive
it into conduction. Q4 controls the current through low signal alarm relay K1,
causing it to operate. K1, energized, closes the -26 vdc path through LOW SIGNAL
alarm indicator lamp DS2 and buzzer control relay K1 through control diode CR3. At
the same time, low-signal alarm relay K1 in the video amplifier breaks the regener-
ated pcm output path terminating the pcm output in R17 (51 ohms). The operation of
the buzzer in the event of a LOW SIGNAL alarm condition is as described in (2) above
for the SYNC alarm. When the received signal level increases to approximately -96
dbm, Q5 and Q4 are cut-off and the low signal alarm relay is de-energized. The 3 db
backlash prevents jittering when operating with near-limit signals. The 26 vdc to
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the LOW SIGNAL lamp is off but the buzzer sounds. Pushing the BUZZER OFF button re-
stores the buzzer circuits to normal.

. (4) HIGH SIGNAL alarm. The HIGH SIGNAL alarm circuit operates in conjunction
with HIGH SIGNAL indicator lamp DS4 on the front panel of the receiver fixed head
and with the receiver protection circuits (para 2-32) in the receiver rf head. A
detector diode connected in the receive arm stripline of electronic switch 2A4
senses the received rf level. When the received rf level reaches -10 dbm the dc
output of the diode is sufficient to drive the high gain microcircuit differential
dc amplifier whose output becomes positive under high signal condition (-10 dbm).
The differential dc amplifier output is fed to an emitter-follower stage with two
outputs. One of the outputs, the alarm drive, is fed into power supply 2PS1 to the
base of Q2. Under high signal conditions, the alarm drive signal voltage will turn
on Q2. The drop in voltage at the Q2 collector turns on Q1, a PNP relay drive tran-
sistor, which in turn will cause high-signal alarm relay K1 in power supply 2PS1 to
energize. K1, when energized, closes the 26 vdc path through HIGH SIGNAL indicator
lamp DS4 (alarm control 1RE1A1A2) and buzzer control relay K1. The HIGH SIGNAL lamp
illuminates and the buzzer sounds. At the same time, the rf receive path is opened
and the high received signal is dissipated in the dummy load. When the received
signal drops below -10 dbm the rf receive path is reestablished and alarm indica-
tions are received.

(5) BUZZER OFF-ALARMS NORMAL switch. In the BUZZER OFF position, this switch
removes the +26 volt dc supply from the buzzer circuit and connects additional 220
ohm dimming resistors, R1, R5 and R4, in series with the SYNC, LOW SIGNAL and HIGH
SIGNAL indicator lamps respectively.

Section V. RECEIVER-TRANSMITTER ORDER WIRE RT-773/GRC-103(V)

2-54. Order Wire Unit

a. General. The 
party-line basis to 
station, the unit pro

order wire unit provides a handset facility, with ringing on a
all communication points in the radio system. At a repeater
vides for talking and signaling simultaneously in both direc-

tions of transmission, and provides a through circuit for the party-line communica-
tion. The order wire unit operates as an active 4-wire, 3-way hybrid which permits
one order wire unit to operate with two radio sets in a repeater configuration. For
transmission, the order wire send signals are connected to amplifier-monitor 5TR1A5
of each radio set, where they are added to the baseband signal. The order wire re-
ceive signals are connected from pulse form restorer 1RE1A3 of each radio set to the
order wire unit. The speech and ring-out signals are fed to both transmitters; both
receive path signals are fed into the handset receiver, as well as to the ringing
receiver, to activate the buzzer and the CALL lamp. When the system is carrying pcm
video, the order wire unit provides a through-path for order wire signals as well as
the local send and receive functions. The order wire through-path, however, is
opened during fdm operation, to prevent parallel-path signal cancellation. The or-
der wire circuits are contained on two printed circuit boards interconnected through
the front and rear panel wiring. Amplifier assembly 9A4 interconnects the order
wire circuits of two radio sets and a handset, by means of an active 4-wire 3-way
hybrid; in addition, the order wire amplifier introduces a sidetone into the handset
receiver. Telephone signal converter 9A3 generates a 1,600 Hz signalling tone for
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calling over the system and also detects the 1,600 Hz incoming call signal. The
telephone signal converter circuits operate in conduction with the RING switch, the
CALL indicator light, and the buzzer. The 12 vdc required for the operation of the
order wire circuits, and the 26 vdc required for the buzzer and front panel lights,
are obtained from either receiver (A or B). Two power control relays choose the re-
ceiver which will supply the required voltages. In repeater operation these vol-
tages are normally obtained from receiver A.

NOTE

In a repeater configuration, radio set A is connected
to the TO RADIO connector, while radio set B is con-
nected to the PATCH THRU connector.

b. Block Diagram  Analysis. . (Fig. 2-76).

(1) Through path. The order wire signal from receiver A (speech and/or signal-
ing) in the range of 200 Hz to 3 kHz at a level of -10 dbm/600 ohms is fed into
amplifier-splitter Q1. One of the two outputs of Q1 is fed through PCM/FDM switch
S1 to amplifier Q2. The output of Q2 is then filtered and fed to transmitter B.
Similarly, the incoming signals from reciever B are fed into amplifier-splitter Q5.
One of the two outputs of Q5 is fed through PCM/FDM switch S1 to amplifier Q6 and
then to transmitter A through a 3 kHz low pass filter. Cross-talk from receiver A
to transmitter A is at least 40 db below signal level.

(2) Handset receive-transmit paths. The second output of amplifier-splitter Q1
(receiver A) is fed to the input circuit of transformer T1 whose secondary winding
feeds the handset receiver. Similarly the second output of amplifier-splitter Q5
(receiver B) is fed to the input circuit of T1. Speech signals from the handset
(PRESS-TO-TALK switch operated) at a level of -18 dbm are connected simultaneously
to isolation amplifiers Q3 and Q4. The output of Q3 is then fed through the low
pass filter to transmitter B, while the output of Q4 is fed through the outputs of
splitter-amplfiers Q1 and Q5 and Q4 also provide limiting of speech signals if re-
quired.

(3) Sidetone. Speech signals from the microphone are coupled into a 6 db re-
sistive hybrid with the earphone connected as one arm of the bridge. This results
in the speech signal from the microphone appearing at the earphone at a level of -24
dbm.

(4) Signaling receive path. The incoming signals from receiver A or receiver
B containing the 1,600 Hz signaling frequency are taken off the outputs of
splitter-amplifier Q1 and Q5 and fed to telephone signal converter 9A3. The signal
is first amplified, in a highly selective filter, Q1 and FL1 then fed through nor-
mally closed contacts in the RING switch to a second amplifier stage with an identi-
cal selective filter, Q2 and FL2. The output of the filter is coupled through a
pair of cascaded emitter-followers Q3 and Q4, a gain control, and, through a second
pair of normally-closed contacts on the RING switch, to detector amplifier Q5 to
operate the ring relay. The relay operates the buzzer and CALL lamp.

(5) Signaling send path. When signaling to other sites in the system is re-
quired the RING switch must be depressed. This action opens the connection between
the output of Q1 and the input of Q2, and turns Q2 into an oscillator. The oscilla-
tor output is then connected through Q3 and Q4, emitter-followers through the RING
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switch, now closed, to the same amplifier input point (Q3, Q4) as speech signals
from the handset microphone. Level at this point will be 330 millivolts. Signal-
ing is then transmitted through Q3 and Q4 in both directions.

2-55. Amplifier Assembly 9A4

a. General. Amplifier assembly 9A4 consists of three two-stage amplifiers Q1-Q2,
Q3-Q4 and Q5-Q6, each giving two mutually isolated outputs and a bridge for the
sidetone circuit. The order wire outputs from the two radio receivers are fed one
each to an amplifier pair, Q1-Q2 and Q5-Q6. The handset output is fed to amplifier
Q3-Q4, which also provides amplitude limiting.

(1) The two mutually isolated outputs of Q3 and Q4 transistors are combined
with the secondary outputs of the other two amplifiers Q2 and Q6 collectors) and
fed to radio transmitters A and B inputs respectively. R7 and R18 are common gain
controls for the Q2-Q3 and Q4-Q6 combined outputs respectively.

(2) The collector outputs of transistors Q1 and Q5 are combined in a common
collector load and then fed through transformer T1 and a 6 db hybrid bridge to the
handset receiver (PHONE). The sidetone is injected into the handset receiver
through the same hybrid bridge. Decoupling capacitors C15, C17, and C16, C18 sup-
press parasitic oscillations and reduce cross-talk distortion.

b. Detailed Circuit Analysis (FO-4-48).

(1) Through path PCM mode. Incoming signals (speech and/or signaling) from
receiver A (J1-E) are applied at P4-K, and are coupled through C1 to the base of
transistor Q1. The Q1 emitter output is fed through R5, C2 and S1-A PCM/FDM switch
(in the PCM position) to the emitter of transistor Q2. The Q2 collector output is
then fed through low pass filter C3-L1 and P4-L to transmitter B (J2-G). Similarly,
incoming signals from receiver B (J2-E) are applied to P4-F and are coupled through
C13 to the base of transistor Q5. The Q5 emitter output is fed through R28, C14 and
switch S1-B to the emitter of transistor Q6. The Q6 collector output is then fed
through low pass filter C1O-L2, and P4-H to transmitter A (J1-G).

(2) Handset receive-transmit path. The handset receiver gets its signals from
the collector output of Q1 (receiver A) and Q5 (receiver B). Q1 and Q5 collectors
have a common collector load R4. The combined outputs are then fed through trans-
former T1 through the active 4-wire 3-way hybrid, R22, R23 and R24, to the handset
receiver (PHONE) through P4-J. The local microphone circuit (MIKE) applied to P4-C
(PRESS-TO-TALK switch depressed) is coupled through C8 simultaneously to the bases
of amplifiers Q3 and Q4. Q3 and Q4 each amplify the local microphone or ringing
signal and also function as peak limiters to prevent overmodulation on high level
speech peaks. R1O and R20 are the peak limiting resistors. The Q3 collector output
is then combined with the Q2 collector output and fed through C3 and L1 to transmit-
ter B. Similarly, the Q4 collector output is combined with the Q6 collector output
and fed through C1O and L2 to transmitter A. Part of the incoming microphone signal
(sidetone) is coupled through C6 to one side of the hybrid bridge and fed through
R23 to the handset receiver.

(3) Signalling path. Part of the combined outputs of Q2 and Q6 are fed through
C9, R17, and P4-B to telephone signal converter 9A3 (para 2-54) where the 1,600 Hz
CALL signal is extracted. The 1,600 Hz RING signal from telephone signal converter
9A3 is fed through P4-E into amplifier assembly 9A4. The ‘RING’ signal is then fed
through R13 and C7 to the Q3-Q4 amplifier pair for transmission in both directions.
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(4) Through path-FDM mode. The patch-thru facilities of amplifier assembly 9A4
are disabled when switch S1 is in its FDM position. This is done in order not to
interfere with the patch-thru facilities of the fdm repeater equipment. However,
the handset receive and transmit facilities, as well as signaling facilities (CALL
and RING) in both directions of transmission are not affected.

2-56. Telephone Signal Converter 9A3

a. General. This unit, in conjunction with amplifier assembly 9A4 and monitor
panel 9A2, provides signalling facilities on the order wire channel. Telephone sig-
nal converter 9A3 consists of a three-stage amplifier and a detector circuit driving
a relay. The second stage functions as a 1,600 Hz generator when the RING switch is
depressed.

b. Detailed Circuit Analysis (FO-4-48).

(1) CALL signal in. Part of the incoming signal (speech and signaling) from
amplifier assembly 9A4 is applied through distribution panel 9A1 wiring to Pi-L of
telephone signal converter 9A3. The signal is then applied through SENSITIVITY con-
trol R1 and capacitor C1 to the base of transistor Q1. FL1 in the Q1 collector cir-
cuit is tuned to 1,600 Hz ±4 Hz, and capacitor C2 provides fine frequency tuning of
the selective circuit. The output from FL1 is then connected through normally-
closed contacts 4 and 5 of RING switch S1 in monitor panel 9A2, back into telephone
signal converter 9A3 and coupled by capacitor C3 to the base of transistor Q2. Q2,
and FL2 in its collector circuit, form another highly selective amplifier tuned to
1,600 Hz±4 Hz. Capacitor C4 provides fine frequency tuning of FL2. The output of
Q3 is coupled through C5 to the base of Q3. Q3 and Q4 are emitter followers con-
nected in cascade. In the presence of 1,600 Hz signaling frequency extracted by
Q1-FL1 and Q2-FL2, the output at the emitter of Q4 is fed through C6 and R13 GAIN
potentiometer, through normally-closed contacts 8 and 1 of RING switch S1 in monitor
panel 9A2, back into telephone signal converter 9A3, to the base of detector Q5. Q5
operates CALL relay K1 which in turn closes the 26 v path through the BUZZER ON-OFF
switch (in the ON position) in monitor panel 9A2, to the buzzer, and, through R1, to
CALL lamp DS1. When the BUZZER ON-OFF switch is in its OFF position, the buzzer is
bypassed, and the CALL lamp will glow at about half normal brightness due to series
resistor R2.

(2) RING signal out. When the RING switch on monitor panel 9A2 is depressed,
the output of FL2 in telephone signal converter 9A3 is connected through contacts 3
and 6 of the RING switch, and capacitor C3, to the base of transistor Q2, thus form-
ing a Hartley-type oscillator which oscillates at 1,600 Hz±4 Hz. The 1,600 Hz out-
put is connected through C5 to emitter-followers Q3 and Q4. The output at the Q4
emitter is then connected through C6, GAIN control R13, and contacts 7 and 2 of the
RING switch to Pi-E of amplifier assembly 9A4. The RING signal out is then fed
through R13, C7 and C8 to the bases of transistors Q3 and Q4. The two separate
ringing signals are then transmitted along the transmit speech paths to the TO RADIO
and PATCH THRU connectors.

2-57. Distribution Panel 9A1 (FO-4-78)

a. Distribution panel 9A1 (rear panel) contains all interconnecting circuits of
the– order wire unit including the TO RADIO and PATCH THRU connectors, resistor
assembly board 9A1A1, two power distribution relays K1 and K2, and the buzzer. Po-
wer is fed to the order wire unit from the receiver to provide listening watch faci-
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lities with the transmitter switched off. Two power distribution relays, K1 and K2,
enable power to be supplied from either the TO RADIO or the PATCH THRU connector.
When only one radio set is connected, as in a terminal, the 26 vdc at the TO RADIO
connector operates K1 and K2 to route the 12 vdc to amplifier assembly 9A4 and to
telephone signal converter 9A3, and the 26 vdc to monitor panel 9A2. When both ra-
dio sets are connected, as in a repeater, the same power distribution takes place;
the second power source at the PATCH THRU connector stops at the opened contacts of
K1 and K2. If a failure should occur in the radio set supplying power to the TO
RADIO connector, the two relays will de-energize and supply power from the second
radio set at the PATCH THRU connector to operate the order wire unit.

b. Resistor assembly 9A1A1 contains two 620 ohm resistors that change the order
wire transmit level from -4 dbm to -10 dbm when the order wire facility is extended
to Multiplexer TD-754/G or TD-204/U in a pcm terminal, 24-channel radio-to-cable
configuration. When used in this configuration, J1-K or J2-K is grounded in the
multiplexer; otherwise J1-K and J2-K remain open.

2-58. Monitor Panel 9A2 (FO-4-78)

Monitor panel 9A2 (front panel) contains CALL and POWER lamps DS1 and DS2, BUZZER
ON-OFF switch S2, RING switch S1. and resistor assembly 9A2A1. which contains indi-
cator

2-59.

lamp resistors R1 and R3 and CALL lamp dimming resistor R2.

Sect ion VI. AMPLIFIER-FREOUENCY MULTIPLIER AM-4321/GRC-l
AM-4321A/GRC-103(V)

03(V) AND

Functional Block Diagram Analysis of Amplifier-Frequencv Multiplier
AM-4321/GRC-103(V) and AM-4321A/GRC-103(V) (Fig. 2-77)

NOTE

There are two models of Frequency Multiplier 37A1,
distinguishable by part numbers SM-D-696417 and SM-
D-865053. This paragraph refers to both units unless
otherwise specified.

The rf output of the transmitter fixed head in the frequency range of 95 to 145 MHz,
at a level of 35 dbm, is fed into amplifier-frequency multiplier AM-4321/GRC-103(V)
or AM-4321A/GRC-103(V) (Band II transmitter rf head) where it is multiplied and am-
plified to produce the final transmitter frequency.

a. The transmitter rf head multiplication circuits provide the final multiplica-
tion required to produce the selected transmitter channel frequency. The multipli-
cation is accomplished in frequency multiplier 37A1 which contains a frequency dou-
bler and a variable multiplier which extracts the second or third harmonics of the
doubled frequency. The multiplication factor of the variable frequency multiplier
is selected by a switching circuit controlled by control line 13 from control-
indicator 37A2. The frequency multiplier also produces an automatic load control
(ale) voltage which limits the power level of the transmitter fixed head output.
The output of the variable multiplier is selected in a tunable resonator which is
ganged to XMTR TUNE front panel control. An impedance equalizer and a voltage con-
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trolled attenuator are also contained, in frequency multiplier 37A1, to control the
output level of the multiplier. The alc voltage to operate the voltage controlled
attenuator is derived from voltage regulator assembly 37AR1A1A1. The output of 37A1
in the range of 395 to 705 MHz, at the minimum level of 23 dbm, is fed into rf am-
plifier 37AR1AR1.

b. The amplification of the output signal to the final output level is done in
two-stage radio frequency amplifier 37AR1AR1 (driver and output amplifier), using
two planar triodes type 7211 mounted in tuned-cathode, tuned-plate coaxial quarter-
wave resonant cavities. The XMTR TUNE control, on the front panel, tunes the cath-
ode and plate plungers of both stages. Output coupling of the resonators is done by
capacitive probes which are geared to the XMTR TUNE control. The probes are fine-
tuned by the PWR OUT PEAK control. The tubes are cooled by forced air. Due to the
concentric cavity design, maximum exposure of the plate radiators to the air stream
is accomplished.

c. Radio frequency amplifier 37AR1AR1 amplifies the final frequency of the trans-
mitter ot a level of 30 to 40 watts. The amplified rf signal is then fed through
low pass filter 37AR1A1FL1 for spurious harmonic suppression. After rejection of

Figure 2-77. Band II Transmitter RF Head, Block Diagram.
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unwanted harmonics, the output signal is delivered through rf power monitor 37AR1A2
and the PWR OUT connector to amplifier-converter AM-4317/GRC-103(V) (Band II receiv-
er rf head), and through a duplexer, to the antenna system. A sample of output pow-
er and reflected power is rectified in the power monitor and taken out as REFL PWR
and PWR OUT metering signals.

d. Control-indicator 37A2 (channel selector) is an electromechanical device oper-
ating in conjunction with electrical frequency synthesizer and amplifier monitor in
the transmitter fixed head. The channel selector provides 13 control lines. Con-
trol lines 1 to 12 inclusive program the frequency generating circuits in the elec-
trical frequency synthesizer. Control line 13 is fed through amplifier frequency
multiplier to the transmitter fixed head to control variable attenuators in
amplifier-monitor 5TR1A5. Voltage regulator assembly 37AR1A1A1 supplies the regu-
lated heater supply for the driver and output tubes.

e. An overall schematic diagram of the Band II transmitter rf head, amplifier-
frequency multiplier AM-4321/GRC-103(V), and AM-4321A/GRC-103(V) is shown in FO-4-67
and interconnection diagram is shown in FO-4-68.

1.

2.

NOTE

In many of the schematic diagrams, triangular
bols, identified by “Z” numbers, are used.
are in accordance with USA Standard Y32,

s y m -
These
2-1967.

Section 19, paragraph 15.1. They represent impe-
dances introduced by ferrite beads, which are used
extensively in certain sections of the receiver and
transmitter rf heads for Bands II and III.

The words “END SEAL,” inclosed in a rectangle, ap-
pear in several schematic diagrams. This symbol
represents printed wiring board receptacles used
with RG-188/U 50 ohm miniature coaxial cable. End
seals are permanently soldered connections used to
terminate the cable shield to ground. They may be
of either straight or right-angle configuration.

2-60. Frequency Multiplier 37A1 (Part No. SM-D-696417 or SM-D-865053)

a General. Frequency multiplier 37A1 multiplies the transmitter fixed head
signal by four or by six to provide the input drive for radio frequency amplifier
37AR1 . Frequency multiplier 37A1 consists of two transistor stages on separate
printed wiring boards with the transistors mounted on the cast aluminum housing.
The first transistor stage 37A1A1 is a wide-band frequency doubler and the second
stage 37A1A2 is a variable frequency multiplier. The variable multiplier multiplies
the doubled frequency by two or three as selected by a control signal from the
control-indicator. The output frequency is selected in a tuned cavity filter which
is ganged to the front panel XMTR TUNE control. The output level of the unit is
automatically controlled by a signal from radio frequency amplifier 37AR1. The unit
is contained in two precision cast aluminum housings. The major casting
incorporates the tuning cavity as an integral part of the casting. The smaller
casting supports the electrical connector and f i filters. The cavity is tuned by a
variable capacitor mounted within the cavity (fig. 2-78). An antibacklash spring is
fitted on the end of the capacitor rotor hub to reduce backlash. The XMTR TUNE
control is coupled through a flexible shaft, worm and worm gear to the capacitor
rotor.
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Figure 2-78. Frequency Multiplier 37A1, Bottom View.

b. Block Diagram. Analysis. (Fiq. 2-79) (Fig. 2-80 when Transmitter Equipped with
SM-D-865053). the output of amplifier frequency Multiplier 5~TR1A4, in the range Of
95 to 145 MHz at a level of +35 dBm ± 1 db, is fed through the input matching
network to the 0A1Q1 broadband doubler circuit. The rf power transistor A1Q1,
amplifies the input fundamental frequency while the COllectpr to base capacitance
acts as a varactor for harmonic generation. A portion of the rf input is fed to an
alc circuit where the signal is rectified. The dc signal, proportional to the rf
input is fed back to the transmitter fixed head to maintain the rf input at the
required level. The output of the wideband doubler is fed through an output
matching network to the diplexer filter wnich terminates the fundamental
frequencies and provides a path for the second harmonics. The output of the
diplexer filter is applied to variable frequency multiplier transistor 1AQ2 through
the input matching network. The output of the variable frequency multiplier is a
signal rich in second harmonics. When the third harmonic frequencies are required,
control line 13 turns on transistor Q2 in the switching circuit, which then forward
biases switching diode CR1. CR1 switches in an idler circuit which allows the
second harmonics to mix with l-he fundamental frequency to produce third harmonic
frequencies. The frequency multiplier output is fed to the tunable filter which is
ganged to the front panel XMTR TUNE control. The filtered signal is fed to the
constant impedance equalizer which reduces the amplitude at the low frequency end
of the signal. The equalized signal
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is fed to the variable attenuator which controls the output level. The alc voltage,
from the voltage regulator in rf amplifier 37AR1, is amplified by dc amplifier Q1
and used to control the variable attenuator. The output of the attenuator is
coupled to the output connector and fed to the rf amplifier 37AR1. A portion of the
output signal is fed into the metering circuit where it is rectified and used as the
MULT metering signal.

c. Detailed Circuit Analysis (FO-4-65).

(1) Input alc circuit.

(a) Transmitter equipped with SM-D-696417 (FO-4-65). A portion of the input
rf signal applied to connector J1, is coupled through capacitor C1 to voltage divi-
der R1, R2 and diode CR1 of the alc circuit. Normally CR1 is zero biased and is not
conducting. The input signal fed through voltage divider R1, R2 provides approxi-
mately 5.1 volts peak-to-peak riding on 28 vdc. On the negative peaks of this sig-
nal, CR1 is forward biased thereby charging C3 to approximately 23 volts (28.0 - 5.1
volts). This in turn causes Q1 to conduct. The base current required to turn on Q1
is determined by R3 which is adjusted to give approximately 8.5 volts at E4. This
voltage is used to operate the alc system in the transmitter fixed head. R4 is used
to prevent the 28 volts dc from being applied to the emitter of Q1 if R3 is set to
zero ohm. C2, C4 are rf decoupling capacitors. C5 is a feedthrough capacitor and
prevents rf interference with the power supply line. R5 is the Q1 collector load.

(b) Transmitter equipped with SM-D-865053 (FO-4-66). The voltage applied to
the input alc transistor 37A1A1Q1 is developed across resistor 37A1R2 through which
passes the current consumed by the two multiplier stages 37A1Q1 and 37A1Q2. R3, the
ALC LEVEL potentiometer, is set for maximum current through 37A1R2. When the incom-
ing rf signal is too high, the voltage at the base of alc transistor Q1 causes its
collector voltage (input ale) to increase; this increase in the input alc voltage
applied to the alc circuit in the amplifier-frequency multiplier 5TR1A4 will cause a
decrease of the rf output. The reverse is true for a weaker incoming rf signal.
Since the input rf signal is a function of the dc current consumption, the supply
current once set, controlling the input rf level becomes independent of multiplier
transistor efficiency or transistor parameters. C6 provides rf decoupling and R4 is
the collector load.

(2) Wide band doubler. The rf input to A1Q1 transistor multiplier is fed
through an input matching network. The input matching network contains a bandpass
network and an impedance transforming network. The bandpass network consists of C6,
L1, C7 and L2, and is used to isolate the input driver stage from the multiplier
output frequencies. The parallel resistive network R6 and R7, in series with 4:1
transformer T1, matches the input impedance of A1Q1. The fundamental frequency,
from the input matching network, is coupled through dc blocking capacitor C8 to the
base of A1Q1. R8 provides a small reverse bias on the base of A1Q1 for optimum
efficiency. The 20 volt dc collector supply, for A1Q1 and A1Lj2, is derived from the
+28 vdc line by Zener diode CR1. (In transmitter equipped with SM-D-865053 the col-
lector supply for 37A1Q1 and 37A1Q2 is derived from the +28 vdc through 37A1R2.) L3
resonates the transistor output capacitance at the fundamental midband frequency
while C9 provides a ground return through L3
The capacitance between the base and collector
sister collector voltage. The transistor ampl
variable base-collector junction capacitance
waveform. This waveform contains components

to decouple the fundamental current.
of A1Q1 varies nonlinearly with tran-
fies the fundamental which drives the
producing a highly distorted output
of the fundamental and harmonic fre-
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quencies. The A1Q1 output is fed through output matching network C11 and L4 to the
diplexer filter.

(3) Diplexer filter. The diplexer filter is a power splitter providing a path
to terminate the fundamental frequencies at one port and a path for the second har-
monics at the third port. The diplexer is a combination low pass - high pass filter
with seven sections. The fundamental frequencies are fed through the filter and
terminated in R1. The second harmonics, fed through the filter to the outer port,
are coupled through C18 to the variable frequency multiplier 37A1A2 circuit.

(4) Variable frequency multiplier. The output of the frequency doubler is fed
to the base of frequency multiplier A1Q2 through an input impedance matching net-
work. The input matching network provides an input vswr of 2:1 maximum. R1 and R2
are used to increase the resistive component of the input impedance to facilitate
wideband matching. The output at the collector of A1Q2 is the signal rich in second
or third harmonics. L3 and C8 form an idler circuit which resonates with the col-
lector to base varactor capacitance at midband of the fundamental input frequencies
to produce second harmonic frequencies. L4 and C16 are switched into the collector
circuit to allow the second harmonic current to flow through the varactor capaci-
tance to produce third harmonic frequencies. R4 at the collector provides a resis-
tive load to the fundamental frequency power. The 20 vdc supply from zener diode
CR1 is decoupled by feed through capacitor C9.

(5) Switching circuit. When third harmonics are required, transistor Q2 is
turned on by +26 volts from control line 13. CR1 is forward biased by Q2 conduct-
ing, and idler circuit L4 and C16 is switched into the collector circuit of multi-
plier A1Q2. When second harmonics are required, transistor Q2 is turned off by a
ground on control line 13. CR6 increases the minimum turn-on voltage of Q2 to over
1 volt to insure that Q2 turns off. When Q2 is turned off, CR1 is reverse biased
and cuts off the third harmonic idler circuit.

(6) Output matching network. The output of the variable frequency multiplier
is coupled through C14 to cavity filter Z1. The cavity filter is a coaxial line ca-
vity capacitively tuned by air-dielectric variable capacitor C1. The tuning of the
variable capacitor is done by the front panel XMTR TUNE control. Inductors L1 and
L2 provide input and output coupling respectively, for constant bandwidth over the
multiplier frequency range. From Z1, the output signal is fed through a constant
impedance equalizer and then coupled to PIN diode attenuator CR2, CR3 and CR4.

(7) Constant impedance equalizer. The output power of the frequency multiplier
is greater at the low frequency end than at the high frequency end. It is possible
for the maximum power at the low frequency end to be +31 dbm, while the power at
some higher frequency is +25 dbm. The alc controlled PIN diode attenuator CR2, CR3,
CR4 cannot handle such high power due to partial rectification effect at high level
operation. The constant impedance equalizer, R1O, R11, R12, L5, C17, levels the
output power so that the maximum power at the lower frequency end is reduced to +27
dbm while at the higher frequency end the maximum is maintained at +23 dbm. The
equalized signal is coupled through C18 to the output attenuator.

(8) Output automatic level control. An alc positive voltage from power ampli-
fier 37AR1, proportional to the input signal to 37AR1, is applied to the base of dc
amplifier Q1 through C26 and R16. C25 and C26 decouple any rf that enters the Q1
base region. R16 presents a high dc resistance to the alc voltage source. C24 is
used for rf decoupling at the collector and R14 is the collector load. R15 stabi-
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lizes the dc voltage gain of Q1. The output loading of the transi
ally 1.8 kilohm and the maximum output voltage is approximately +14

stor is essenti-
vdc without ale.

As the alc voltage rises, the output voltage of Q1 collector will drop. The output
of the dc amplifier Q1 is fed to the PIN diode voltage controlled attenuator CR2,
CR3, CR4 connected in a T-network. Voltage divider R5, R6, across the 28 volt sup-
ply, provides a reference voltage for the attenuator. When Q1 output voltage is
high (minimum alc voltage), CR3 and CR4 are forward biased and produce a volta9e
drop across R7. The voltage across R7 is higher than the reference voltage, hence
CR2 is reverse biased and turned off. The attenuation on the signal through CR3 and
CR4 is minimal. As the alc voltage increases, the Q1 output voltage decreases, re-
ducing the forward bias on (and current through) CR3 and CR4 until the voltage drop
across R7 is less than the reference voltage. The reduced voltage drop across R7
forward biases CR2 which begins to conduct. The CR2 current flows through R7, CR3
and CR4 toward the dc amplifier, thereby increasing the attenuation of CR3 and CR4.
In the extreme case, CR3 and CR4 are turned off when Q1 collector voltage drops to
zero. C18, C27, C12 and C11 are dc blocking capacitors and L6 and L7 are rf chokes
for dc paths.

(9) Metering circuit. A portion of rf is coupled to a directional coupler com-
posed of two striplines on the printed circuit board. Since the coupling energy in-
creases with increasing frequency, coil L8 is placed in series with detector diode
CR5 to provide a constant rf drive to the diode. Rf decoupling is provided by C13.
The detected rf is fed to the metering circuit in the transmitter fixed head for
MULT meter indication.

2-61. Radio Frequency Amplifier 37AR1AR1

a. General. Radio frequency amplifier 37AR1AR1 amplifies the final transmitter
frequency in the frequency range of 395 to 705 MHz to a level of 30 to 40 watts.
The amplifier consists of two grounded-grid triode stages in cascade. The two
stages of the amplifier are of identical construction. Each stage uses a planar
triode type 7211 electron tube mounted in tuned-cathode, tuned-plate coaxial
quarterwave resonant cavities. The cathode and plate resonators are tuned simulta-
neously, over the frequency range, by moving mechanically coupled plungers, ganged
to the XMTR TUNE control on the front panel. Output coupling of the resonators is
by capacitive probes which are also ganged to the XMTR TUNE control. Peaking of the
amplifier output (output probe) is accomplished by adjusting the PWR OUT PEAK con-
trol on the front panel. A trimmer capacitor within the plate resonator is used to
compensate for tube plate-to-grid capacitance differences.

b. Cavity Construction and Tuning Mechanism (Fig. 2-81). The heater connection
to the amplifier tube is made through the hollow cathode lead screw inside the cen-
ter conductor of the cathode-grid resonator. The lead screw is of a double-start
nature to enable rapid transit of cathode tuning plungers. Cathode feed is taken
through the input connector which is adjacent to the gear plate. This input signal
is then passed through a 50 ohm coaxial feeder cable, firmly bonded to the outside
of the grid-cathode resonator cavity, and fed through the cathode contact assembly
to the cathode. Dc isolation is achieved within the cathode contact assembly. The
plate supply is decoupled by a capacitor (bypass capacitor assembly) integral to
the amplifier tube socket. The capacitor is a silvered mica disc in a potted
assembly. Dc power to the tube plate is fed to the high voltage connection mounted
on the plate side of the bypass capacitor assembly. Plate and cathode tuning is
accomplished by varying the position of the respective short circuit tuning
plungers. The short circuit to the resonator walls is made through sets of
flexible silver-
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Figure 2-81. RF Amplifier 37AR1AR1 , Resonator Cavity Cross-Section View.

plated fingers. The resonator frequency will increase as the short circuiting plun-
ger is moved toward the tube. The output capacitive probe is located at the tube
end of the plate-grid resonator and tracks with the resonator tuning mechanism. The
PWR OUT PEAK control overrides this mechanical tracking to permit final probe posi-
tioning for optimum output power.

c. Detailed Circuit Analysis (Fig. 2-82).

(1) The output of frequency multiplier 37A1, in the frequency range of 395 -
705 MHz, is fed through input connector J1 to the cathode of driver tube V1. Dri-

ver tube V1 and output tube V2 are identical and are connected in a grounded-grid
configuration. Common grid configuration is used to minimize amplifier feedback
effects due to triode interelectrode capacitance. Z1 and Z5 are cathode-grid reso-
nant cavities; Z4 and Z8 are plate-grid resonant cavities for the driver and output
stages respectively. C5 and C12 are feed-through capacitors for the regulated heat-
er supply to the driver and output stages. C7 and C14 are the feed through capaci-
tors for high voltage plate supply to both the stages. C1, C3, and C8, C1O are by-
pass capacitors and provide dc isolation. C4 is a trimmer capacitor in parallel
with the plate-grid circuit and is used to compensate the electron tube plate-grid
capacitance spread of the driver stage. C11 is the trimmer capacitor in the output
stage. C15, R1 is a suppressor loop in the driver stage and C16, R2 is a suppressor
loop in the output stage. These suppressor loops prevent any self-oscillation dur-
ing mismatch conditions.
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Figure 2-82. RF Amplifier 37AR1AR1, Schematic Diagram.

2-164



TM 11-5820-540-30

(2) The input signal when fed to the cathode of driver tube V1, excites cathode
resonator Z1 connected between cathode and qrid of V1. The signal, amplified by
approximately 13 db at the plate of V1, resonates in Z4 (connected between’ plate and
grid) and is coupled from the cavity to output connector J2 through the coupling
probe C2. The output from the driver tube is connected through connector P1, co-
axial cable W1, coaxial connectors P2 and J3 to the cathode of the output stage V2.
Output stage V2 is electrically and mechanically similar to the driver stage. The
output cathode bias changes are fed to the heater voltage regulator assembly to pro-
duce an alc voltage for frequency multiplier 37A1. This alc voltage controls the
output of the frequency multiplier (input to the power amplifier). The output stage
provides a further amplification of about 10 db. The final amplified signal is fed
through coupling probe C9 to output coaxial connector J4. Output coupling probe C9
is ganged to front panel controls XMTR TUNE and PWR OUT PEAK. Cathode currents are
regulated by a constant current source within transmitter power supply 5TR1PS1.
Plate supply for the tubes is 630 volts dc at about 180 milliamperes, and is suppli-
ed through radio frequency interference filter 37AR1A1FL2 which suppresses any 5 kHz
components on the 630 volt supply. Resistor assembly 37AR1A1A2 bleeds off any resi-
dual high voltage when the unit is disconnected. Channel-frequency indicator DS1 is
ganged to the XNTR TUNE control and provides a visual indication of the selected
channel.

2-62. Voltage Regulator Assembly 37AR1A1A1, 38AR1A1A1 or 40A3

a. General. The voltage regulator assembly regulates the heater supply voltages
to the transmitter rf power amplifier tubes. It also provides an alc reference cir-
cuit, metering voltages, and two resistive paths which control the constant cathode
current regulators in the transmitter fixed head power supply. The unit consists of
the following functional circuits:

(1) Two identical heater voltage regulator circuits, one for the driver and the
other for the output stage of the rf power amplifier.

(2) An alc reference circuit using the bias potential from the cathode of the
output stage of the rf power amplifier as the input.

(3) A metering circuit for monitoring dc bias at the cathode of the output
stage (DRIVER metering).

(4) Two resistive paths which form part of the driver and output constant cath-
ode current circuits

Since
ident
ed in 
circui

located in the transmitter fixed head power supply.

NOTE

the two heater voltage regulator circuits are
ical, only the output stage regulator is explain-
the following paragraph, together with the other
ts explained in a (2), (3) and (4) above.

b. Detailed Circuit Analysis (Fig. 2-83).

(1) Regulator circuit. The 7.2 vdc heater supply voltage from the transmitter
fixed head power supply FO-4-40 is fed to the emitter of transistor A1Q2 which acts
as a series regulator controlling the output voltage at a constant value of 6.2 vac
(+0.4 v) on 37AR1A1A1 and 38AR1A1A1 or 5.8 vdc (+(0.4 v) on 40A3. TWO different Vol -
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Figure 2-83. Voltage Regulator Assembly 37AR1A1A1, 38AR1A1A1 and 40A3,
Schematic Diagram.
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tages are obtained by selection of resistors R12 and R2U. Zener diode CR2 and R11
maintain the emitter potential of Q2 at a constant value with respect to the nega-
tive line of the regulator output. Q2 base voltage divider, R12, R13, R14 and R15,
samples the output voltage. Any variation in the output voltage will cause the Q2
emitter-base voltage to vary, resulting in a corresponding variation in the collec-
tor current. These collector current variations are amplified in Q1 and used to
control the base current of A1Q1, which causes the output of A1Q1 to change in such
a way as to compensate for the change in output voltage and bring it back to the
original value. The base voltage divider of Q2 is adjustable to compensate for com-
ponent tolerances. The correct voltage division is required to obtain the output
voltage limits specified above. Capacitor C3, between the base and the collector of
Q1, neutralizes any oscillation of the regulator circuit. Capacitor C4, shunted by
capacitor C5, further stabilizes the circuit and suppresses any ripples or spikes at
the output. Q1 collector resistors R8 and R9 provide short circuit current limit-
ing. This resistance is made adjustable to achieve short circuit current limits in
the range from 1.6 to 2.8 A. Resistors R1O and A1R1 are the starting resistors. In
the initial state of operation, the tube is cold and the filament resistance (load
resistance) is so low that the output heater voltage drops between 2.5 vdc, cutting
off CR2. The Q1 collector current then reduces to its cutoff value. A1Q1 base cur-
rent will then be effectively determined by R1O and the input voltage. R1O and A1R1
draw sufficient current, in this initial state, to heat up the filament. The regu-
lator circuit operates normally after approximately 15 seconds. During normal oper-
ation, the current through R1O and A1R1 is minimal and regulation is not impaired.

(2) A1c circuit. The output cathode bias supply is connected to E6 and fed
through current limiting resistor R6 to 13 volt dc Zener diode CR1. R6 and CR1 sta-
bilize the voltage between TP4 and TP5 at approximately 14 vdc which is the normal
cathode voltage level to the output tube. When this voltage increases, due to a
higher input drive to the output tube, CR1 conducts. The resultant alc voltage is
fed through P1 pin 13 to the respective amplifier-frequency multiplier (37A1, 38A1
or 40A2).

(3) Metering circuit. The metering circuit consists of resistor R7 and capaci-
tor C2. The cathode bias is connected through series resistor R7 to the front panel
meter to indicate the cathode bias level of the power amplified output stage.
Smoothing capacitor C2 removes any ripple from the dc supply and smoothes out the
bias variations due to frequency changes of the modulated signal.

(4) Resistive paths for constant current supply. R1 and R2 are connected in
the emitter line of the constant cathode current source transistor (transmitter fix-
ed head power supply) (FO-4-40) for the driver stage. R1 and R2 effectively limit
the maximum current in the emitter circuit. Test point TP7 is provided to measure
the voltage level between the two resistors. This voltage level is used to deter-
mine the constant cathode current level. R3 and R4 form a similar arrangement for
the constant cathode current of the power amplifier output stage.

2-63. Low Pass Filter 37AR1A1FL1

Low pass filter 37AR1A1FL1 is connected between the output of rf amplifier 37AR1AR1
and power monitor 37AR1A2. Low pass filter 37AR1A1FL1 is a sealed, high-power fil-
ter with a sharp cutoff above 1,000 MHz. It filters out any spurious harmonics of
the transmitter output rf signal.
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2-64. Rf Power Monitor 37AR1A2 or 38AR1A2

Rf power monitor 37AR1A2 or 38AR1A2 is connected between the low pass filter and the
PWR OUT connector. The rf power monitor consists of two bidirectional couplers
placed back-to-back in a sealed unit. One coupler monitors the output power of the
transmitter and the other monitors the power reflected back to the transmitter.
Both forward and reverse signals are rectified to produce dc metering signals. The
forward power metering is fed to the meter through the selector switch in the PWR
OUT position. It is also fed in parallel to alarm control 5TR1A3 (para 2-20).
Alarm control 5TR1A3 will initiate a LOW POWER alarm if the transmitter output power
should drop by 8 dill to about 4 watts. A 5,000 ohm resistor is switched into the
circuit when the meter selector switch is in any other position, so that the monitor
signal will not be disturbed by switching the meter to the PWR OUT position. The
reverse power metering signal is fed to the meter through the selector switch in the
REFL PWR position. This metering function is used primarily to assist the operator
while tuning the XMTR DUPL tuning control on the receiver rf head. Minumum meter
reading indicates correct tuning of the transmitter position of the duplexer in the
receiver rf head.

2-65. Control-lndicator 37A2 or 33A4

a. General. Control-indicators 37A2 (FO-4-67) (transmitter channel selector) and
33A4 (receiver channel selector) are identical in function and construction and also
similar to control-indicator 6A3 (fig. 2-49). Each channel selector provides 12
control lines (2 through 13) to the frequency synthesizer in the transmitter or re-
ceiver. To select the required synthesizer frequency, control lines 2 to 12 are
switched on and off in a binary pattern with line 13 switched between channels 759
and 760 to change the synthesizer output frequency steps. The switching modules are
operated by a set of cams and followers which reflect the various coding patterns as
shown in the coding tables (FO-4-51).

b. Description of Operation. The control-indicator consists of a set of 11
microswitches and a logic module (command signal decoder). . The microswitches are
operated by a set of cams to generate the binary code which presets the required
stages of the programmed counter in synthesizer 5TR1A2 or 1RE1A2. The front panel
channel-indicators consist of a series of numbered wheels. The indicating wheels
are geared to the microswitch cams and to a front panel control knob. The transmit-
ter channel selector display indicates the channel rather than the frequency select-
ed. The following formulas should be used to translate a selected channel into a
frequency and vice versa.

Transmitter frequency = Transmitter Channel + 200 MHz
2

Transmitter Channel = (Transmitter frequency - 200) x 2

c. Receiver Coding. On the receiver channel selector the coding is arranged to
produce a local oscillator frequency 30 MHz higher than the channel indicated in the
display. This is done to permit the indicator to refer to the received signal fre-
quency, the actual local oscillator frequency being always 30 MHz higher to provide
the correct intermediate frequency. The decoder unit is an encapsulated logic cir-
cuit designed to sense channel coding on the 11 microswitch output lines and initi-
ate control line 13 switching to establish multiplication changeover, which takes
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place between channels 759 and 760 in the transmitter and channels
the receiver.

Section VII. AMPLIFIER-CONVERTER AM-4317/GRC-103(V)

2-66. Functional Block Diagram Analysis of Amplifier-Converter AM-431/7
(FO-4-56)

11-5820-540-30

699 and 700 in

GRC-103(V)

a. Amplifier-Converter AM-4317/GRC-103(V) (Band II receiver rf head) incorporates
a duplexing system which enables the radio set to use a single antenna for both
transmit and receive sections, and circuits which convert the incoming signal into a
30 MHz intermediate frequency.

b. Receiver rf head duplexer 33A1 provides the necessary isolation and impedance
matching between the transmitted and received signals. The transmit signal at the
PWR OUT connector of the transmitter rf head at a level of 25 watts is fed through
an external rf coaxial cable, through the FROM XMTR connector on the front panel of
the receiver rf head to duplexer subassembly 33A1A1. In the duplexer subassembly,
the transmit signal is fed to a tuned two-cavity filter (resonator). The tunable
transmit filter is manually tuned to the transmit channel by the XMTR DUPL control.
The ±2 MHz bandwidth of the filter provides additional filtering of the transmitted
signal while presenting a high attenuation to the received frequency. The transmit-
ted signal is then directed through impedance matching network 33A1A1Z1 and rf power
monitor 33A3 to the ANT. connector, and through an rf coaxial cable to the antenna
system. Rf power monitor 33A3 samples the forward and reflected rf power to and
from the antenna system. These samples are rectified and the resulting dc voltages
are used for XMTR DUPL and REFL PWR metering.

c. The receiving circuits of the receiver rf head accept modulated signals in the
frequency range of 395 to 705 MHz, at a level of -54 dbm to -94 dbm and convert them
to a 30 MHz intermediate frequency (IF) which is then amplified and demodulated in
the receiver fixed head. The signals from the antenna, applied to the ANT. connec-
tor by the lead-in cable, are fed through impedance matching network 33A1A1Z1 to a
3 MHz bandwidth, tunable four-cavity filter (receiver section of duplexer subassem-
bly). The tunable receive filter is manually tuned to the receive channel by the
RCVR SIG control. The received signal is then fed through a high signal protection
circuit (Signal Level Control-Monitor) which prevents rf signals greater than +15
dbm nominal from getting into the receiver. The signal level control-monitor also
monitors the protection level and triggers the HIGH SIGNAL ALARM circuit when the
input level at the antenna port exceeds +15 dbm.

d. The rf signals are fed through low pass filter 33FL1 which attenuates all har-
monics of the incoming frequency. The output of the low pass filter is fed into the
frequency mixer stage 33A7. The frequency mixer stage consists of two subassem-
blies, radio frequency amplifier 33A7AR1 and frequency mixer stage 33A7A1. The ra-
dio frequency amplifier contains a voltage-tuned bandpass filter which tracks with
the receiver section of the duplexer and rejects image frequencies. The radio fre-
quency amplifier 33A7AR1 has a nominal gain- of 13.5-db, incl
over the frequency range of 395 to 705 MHz. The amplified
frequency mixer stage 33A7A1 where the received rf signal
oscillator signal to produce the 3U MHz IF. The frequency

uding the filter loss,
signal is fed into the
s mixed with the local
mixer stage 33A7A1 con-
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sists of a wideband balanced mixer with a nominal conversion loss of 7 db and a lo-
cal oscillator metering circuit.

e. The input to frequency multiplier group 33A2 is the output of amplifier-
frequency multiplier 1RE1A5, in the range of 95 to 145 MHz. The frequency multipli-
er group 33A2 consists of three modules, frequency multiplier 33A2A2, frequency mult-
iplier 33A2A1 and bandpass filter 33A2FL1. Frequency multiplier 33A2A2 doubles the
input frequency from 1RE1A5. The resultant frequency from 33A2A2 is applied to the
second module, frequency multiplier 33A2A1, which doubles the frequency over one
portion of the band and triples it over the remaining portion, to produce a continu-
ously variable output frequency 30 MHz above the frequency of the received signal.
Mechanically, frequency multiplier 33A2A1 is ganged to the RCVR SIG control which
also drives bandpass filter 33A2FL1, the third module of the frequency multiplier
group. Bandpass filter 33A2FL1 attenuates the unwanted submultiple of the output
frequency from the frequency multipliers. The RCVR SIG control adjusts variable
frequency multiplier 33A2A1 and bandpass filter 33A2FL1 to a point near the required
tuning point, approximately 30 MHz above the frequency of the received signal. The
MULT PEAK control then tunes the variable frequency multiplier and the bandpass fil-
ter to the required tuning point. The ganging of the RCVR SIG and MULT PEAK is such
that the output frequency from frequency multiplier group 33A2 (local oscillator) is
always 30 MHz above the duplexer receiver section. The local oscillator signal is
then fed into frequency mixer stage 33A7A1 where it is amplified and then mixed with
received rf signal to produce a 30 MHz IF signal. A portion of the local oscillator
signal is detected and rectified in frequency mixer stage 33A7 to provide the MULT
metering voltage. The IF signal from the mixer stage is amplified in intermediate
frequency amplifier 33AR1. Intermediate frequency amplifier 33AR1 is part of the IF
amplification system which also includes bandpass filter 1RE1FL1 and intermediate
frequency amplifier 1RE1AR2 in the receiver fixed head. Intermediate frequency am-
plifier 33AR1 has a nominal gain of 50 db without agc and a maximum gain of 10 db
with maximum age. Automatic gain control of two stages in each of the two IF ampli-
fiers provides automatic adjustment of overall gain over a range of 50 db, depending
on the input signal. Intermediate frequency amplifier 33AR1 is a broadband device,
all shaping being done in bandpass filter 1RE1FL1 (para 2-43).

f. Operating voltages, +12 v and -12 v regulated and 26 v unregulated, required
for–the circuits in the receiver rf head, are supplied by power supply 1RE1PS1 in
the receiver fixed head. An overall schematic diagram of the Band 11 receiver rf
head is shown in FO-4-57 and the interconnecting diagram is shown in FO-4-58.

2-67. Duplexer Subassembly 33A1A1

a. General. Since Radio Set AN/GRC-103(V) operates with a single antenna, du-
plexer subassembly 33A1A1, part of duplexer 33A1, provides the necessary isolation
between the transmitted and the received signal. The duplexer subassembly, basical-
ly consists of two coaxial cavity filters with a common port (ANT. connector); one
filter provides filtering of the transmitter signal and the other filters the re-
ceived signal. The duplexer subassembly also contains an impedance matching network
33A1A1Z1 which matches the transmit and receive filters to the antenna over the en-
tire frequency range; S1 is a shorting device used during the alignment of transmit
cavity Z7 and receive cavities Z2, Z3. In addition to the cavity filters and impe-
dance matching network, the duplexer subassembly also contains the gearing and
mechanical drive for the voltage control assembly 33A1A2 and frequency multiplier
group 33A2. The chassis of the duplexer subassembly is the main structural member
of the amplifier-converter AM-4317/GRC-103(V).
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(FO-4-57).

consists

cavities
coupling
senators
parallel

Transmitting path. The transmitter portion of the duplexer subassembly
of two quarter-wave resonant tuned cavities, 33A1A1Z6 and 33A1A1Z7. The
are connected in series through an intercavity coupling network. The
network provides the correct impedance transformation between adjacent re-
fer realization of proper filter response. Both cavities are tuned in
with adjustable plungers controlled by the XMTR DUPL front panel control.

The channel to which the transmitter cavities are tuned is indicated by channel-
frequency indicator 33A1A1DS2 in the XMTR CHANNEL display window. The input and
output of the resonators are connected through the end resonator coupling networks
which transform the 50 ohm impedance of the system up to the correct level required
by the resonators, for realization of the proper filter response. The filter has a
passband of ±2 MHz and an insertion loss of 1.5 db for 90 percent of the band and
2.0 db for the remainder. The output of the filter, from the end resonator coupling
network, is fed to the impedance matching network 33A1A1Z1 which matches the impe-
dance of the transmitter to the antenna. The transmitter output is then fed through
power monitor 33A3 to the antenna. Power monitor 33A3 measures the forward and re-
verse (reflected) power of the transmitted signal. Spark protection during tuning
is afforded the cavities by spark gaps E2 and E4.

(2) Receiving path. The received signal from the antenna is connected through
power monitor 33A3 and impedance matching network 33A1A1Z1 to the end resonator
coupling network of the receiver cavity filter. The receiver portion of the duplex-
er subassembly consists of four quarter-wave resonant tuned cavities, 33A1A1Z2 to
33A1A1Z5. The cavities are connected in series through intercavity coupling net-
works. Spark protection during tuning is afforded the cavities by spark gaps E1
E3, E5 and E6. The coupling networks provide the correct impedance transformation
between adjacent resonators. All four cavities are tuned in parallel by adjustable
plungers controlled by RCVR SIG front panel knob. The channel to which the receiver
cavities are tuned is indicated by channel-frequency indicator 33A1A1DS1 in RCVR
CHANNEL display window. The receiver filter has a pass band of ±3 MHz and an inser-
tion loss of 2.0 db for 90% of the band and 2.5 db for the remainder of the band.
The input and output of the resonators are coupled through end coupling networks
which provide the correct source and termination impedance for the filters.

(3) Coupling networks. A coupling network between two adjacent resonators is
provided to give the correct impedance transformation. The required characteristics
are achieved by using a T-network of L-C circuits. These coupling networks between
resonators Z1, Z3, Z4 and Z5, in the receive section, are identical except for the
value of their components. A typical coupling network, such as that between resona-
tor Z2 and Z3 consists of a series inductor L4 in parallel with variable capacitor
C5, a series inductor L8 in parallel with variable capacitor C6 and a variable shunt
inductor L6. Z11 in parallel with L6 is the stray capacitance existing between the
coils when located in their housing. The coupling network between resonator Z6 and
Z7 in the transmit section consists of series inductors L3, L7 and a variable shunt
inductor L5. Z10 in parallel with L3 is the stray capacitance of L3 and similarly
Z12 and Z13 are stray capacitances of L5 and L7 respectively.

(4) End resonator coupling network. The input and output end resonators of the
receive and transmit filters are terminated in special coupling networks. These
networks transform the 50 ohm impedance of the system up to the correct level re-
quired by the resonators. The input network in the receive filter consists of a
variable inductor L2 in parallel with Z9. Z9 is the capacitance of the coil. A si-
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milar network at the output consists of variable inductor L16 and parallel capacitor
Z17. The input and output networks in the transmit section are similar except that
the inductors are fixed, but the capacitance due to these fixed inductors can be
varied.

(5) Impedance matching network 33 A1A1Z1. This unit provides a common junction
for the transmit and receive filters. The network consists of a T-junction. one
arm is a 50 ohm transmission line which terminates at the duplexer connector J1 and
the other two arms of the T are identical, 100 ohm transmission lines. The two 100
ohm arms are connected in series with their respective filter at the resonator
coupling network coil. The electrical length of these two arms changes with the on-
tune and off-tune frequencies and thereby maintains the proper match between trans-
mit and receiver filters to the antenna over the entire frequency range of 390 to
705 MHz.

(6) Tuning mechanism. The tuning of duplexer subassembly 33A1A1 and variable
frequency multiplier 33A2A1, is accomplished through two main shafts mounted on the
duplexer chassis. One shaft tunes the transmitter section of the duplexer
subassembly and the other shaft tunes the receiver section of the duplexer
subassembly and the frequency multiplier. The transmitter section drive shaft,
connected to the XMTR DUPL control through reduction gears (fig. 2-84), carries three
bevel gears. Two bevel gears drive the two individual center conductor drive screws
of the resonant cavities and the third gear drives the XMTR CHANNEL indicator.
Similarity, the receiver drive shaft, connected to the RCVR SIG control through

TUNED CAVITIES

CENTER CONDUCTOR
DRIVE SCREW

Figure 2-84. 
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reduction gears (fig. 2-85), carries five bevel gears. Four bevel gears drive the
four individual center conductor drive screws of the receiver resonant cavities. The
fifth gear drives the channel frequency indicator RCVR CHANNEL. Also carried on the

. receiver section drive shaft are two reduction spur gears, one of which drives the
speed decreaser gear assembly. The speed decreaser gear assembly provides tracking
between the receiver duplexer cavities and the frequency multiplier and at the same
time permits a small adjustment of the frequency multiplier, relative to the receiver
duplexer, using the MULT PEAK control . The second spur gear on the receiver drive
shaft provides a coupling to voltage control assembly 33A1A2. The voltage control
assembly provides the tuning voltage for a varactor filter in frequency mixer stage
33A7 .

c. An interconnection diagram of the Band II receiver rf head is shown in FO-4-
58.

2-68. Rf Power Monitor 33A3 or 34A3

Rf power monitor 33A3 or 34A3, located in the receiver rf head, is fitted in the an-
tenna line, between impedance matching network 33A1A1Z1 or 34A1A1Z1 and the antenna

2-85. Duplexer Subassembly 33A1A1, Receiver Section, Tuning Mechanism.

EL5RE084
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connector (ANT.) on the front panel of the receiver rf head. The power monitor con-
sists of two directional couplers, placed back-to-back with integral detectors and
temperature compensation circuits. It samples the output power from the antenna,
rectifies the rf signals and feeds the resulting dc voltages to the meter on the
front panel of receiver fixed head. This provides appropriate meter readings when
the meter switch is in either the XMTR DUPL or REFL PWR position.

2-69. Signal Level Control-Monitor 33A5 or 34A5

a. General. Signal level control-monitor 33A5 or 34A5 protects the receiver low
noise circuitry, contained in frequency mixer stage 33A7 or 34A7, against
possible high-level signals coming into the receiver from the antenna or transmitter
terminal. Protection is obtained by presenting a low impedance to high-level sig-
nals, hence reflecting the unwanted rf power. The output of duplexer subassembly
33A1A1 or 34A1A1 is connected to input connector J1 and the output is taken from
connector J2 and fed to low pass filter 33FL1 or 34FL1. Operating voltages are con-
nected to the unit through 9-pin connector P1. The unit also monitors the protec-
tion level and triggers an alarm circuit. The alarm circuit is located in the radio
receiver and is connected to audio and visual indicators.

b. Detailed Circuit Analysis (FO-4-52).

(1) Signal level limiter 33A5A1 or 34 A5A1. The rf input signal, from the re-
ceiver section of duplexer subassembly 33A1A1 or 34A1A1, is connected to connector
J1. The signal is coupled through C1 into rf level limiter A1, along the stripline,
to which the shunt attenuator CR1, rf limiter A1, and clippers CR2 and CR3 are con-
nected. When the input signal level is -5 dbm or less, the signal travels through
the stripline from J1 to the output J2, with only negligible insertion loss intro-
duced by the stripline. If the level of the input signal increases to O dbm the two
hot-carrier diodes, CR2 and CR3, start clipping the peaks of the rf signal. When
the level of the input signal reaches +10 dbm, rf limiter A1 starts generating dc
current which flows to ground. The dc current increases proportionally with the le-
vel of the rf signal incident on A1 Shunt attenuator CR1 and rf limiter A1 are dc
blocked within the same section of the stripline and therefore CR1 acts as a dc re-
turn for the dc current from A1 CR1 is a PIN diode and the dc current acts as a
forward bias to the diode providing a low shunt impedance to the rf signal; this re-
sults in attenuation of the signal. The response time of the circuit is very low
and therefore high amplitude input signals are limited almost instantly.

(2) Alarm control 33A5A2 or 34A5A2. The negative dc voltage from the cathode
of CR1 in signal level limiter A1 is fed through L1 and feedthrough capacitor FL3
and applied to the base of Q1 in alarm control A2. The voltage at the emitter of Q1
is adjusted to approximately +0.2 volt by voltage divider R2, R3 and R6. ALARM
LEVEL potentiometer R3 sets the operate point for the HIGH SIGNAL ALARM circuit by
setting the voltage at the emitter of Q1. When the negative voltage at the base of
Q1 increases to approximately -().4 volt, Q1 starts conducting, thereby turning on Q2
and Q3. Q3 emitter-collector current flows through the HIGH SIGNAL ALARM relay, in
the receiver fixed head, causing it to operate. R6 in the collector circuit of Q3,
is a latching resistor which eliminates chattering of the alarm circuitry. CR1 is
connected across the alarm relay circuit and suppresses switching spikes. When Q3
is conducting, the collector current causes a voltage drop across R6 thereby raising
the voltage level at the tap of R3. This increased voltage at the emitter of Q1
makes it conduct more. Resistor R4 and R5 provide a path for the leakage currents
in Q2 and Q3.
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2-70. Low-Pass Filter 33FL1

Low-pass filter 33FL1 is a sealed unit connected between signal level control 33A5
and frequency mixer stage 33A7. It is used to suppress the harmonics of the incom-
ing frequencies and provides a minimum of 35 db rejection at all frequencies above
1185 MHz (3 times the lowest fundamental). The VSWR at either port does not exceed
1.31:1 and the power handling capacity is 25 dbm continuous.

2-71. Frequency Mixer Stage 33A7

a. General. The frequency mixer stage consists of the following four separate
integrated circuit subassemblies, soldered to a printed circuit board 33A7A1: rf
amplifier 33A7A1AR1, integrated circuit (I/C) monitor-power 33A7A1A1, two balanced
mixers 33A7A1A2 and 33A7A1A3, and a hybrid quadrature 3 db coupler 33A7A1HYB1 (IF).
The monitor-power, the two balanced mixers, and the quadrature hybrid IF are part of
the image rejection mixer circuit. The received rf signal in the range of 395 to
705 MHz from the low-pass filter 33FL1, and the local oscillator signal between 425
and 735 MHz from the bandpass filter 33A2FL1 are mixed in the two balanced mixers;
the resultant 30 MHz IF outputs are then fed to the IF amplifier 33AR1. Conversion
gain of the frequency mixer stage 33A7 is between 10 and 18 db, while the noise fig-
ure is below 3.6 db.

b. Circuit Description (FO-5-53). The rf input at 33A7J1 is applied to pin 1 of
the rf amplifier . The two-stage, low-noise, broadband amplifier is a mi-
crowave integrated circuit using high-gain, low-noise microwave transistors in their
co-planar stripline package; fabrication of the rf amplifier on an alumina substrate
using thin-film technology provides a good control of assembly parasitic. The gain
of the rf amplifier is 19±2 db with a noise figure of 2.8 db. +12 vdc and -12 vdc
operating voltages are applied to pins 3 and 2 of the rf amplifier; FL1 and FL2 pro-
vide rf filtering of the dc lines.

(1) Integrated circuit (l/C) monitor-power 33A7A1A1 combines the function of a
3 db coupler, an in-phase power divider, and a power monitor. The rf signal at pin 4
of the rf amplifier is applied to the 3 db coupler assembly (rf quadrature hybrid)
(fig. 2-86). The two rf outputs in quadrature phase are applied through pins 7 and 2
(FO-4-53) to balance mixers 33A7A1A2 and 33A7A1A3 respectively.

(2) The local oscillator signal is applied through pin 4 of I/C monitor-power
to an in-phase hybrid power divider; the two resultant local oscillator outputs are

I N P U T
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30 MHz IF
 TO IF

AMPLIFIER
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Figure 2-86. Frequency Mixer Stage 33A7, Block Diagram.
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then applied in-phase through pins 3 and 6 to the two balanced mixers. The rf vol-
tage of the incoming local oscillator signal is detected and the dc voltage is made
available through pin 5 to output connector P1 pin 4 for MULT metering. Like the rf
amplifier 33A7A1AR1, the monitor power is a microwave integrated circuit realized by
using thin film technology on alumina substrate.

(3) The two balanced mixer stages provide products ±30 MHz around the local os-
cillator frequency. The two mixers are identical, only the pin numbers are differ-
ent; the balanced configuration of the mixers provides optimum spurious rejection.

(4) The two IF signals are then quadrature coupled within the 3 db coupler
quadrature hybrid 33A7A1HYB1 where the image noise product is terminated within a
resistive load. The output port of the hybrid is matched for interface with the IF
amplifier 33AR1. L1-A, C1 and L1-B, C2 (low-pass filters) filter the two mixer out-
puts. Image rejection is achieved within R1.

2-72. Frequency Multiplier Group 33A2

a. General. The frequency multiplier group provides the final local oscillator
frequency, 30 MHz higher than the received rf signal. The frequency multiplier
group consists of three subassemblies, frequency multiplier 33A2A2, frequency multi-
plier 33A2A1 and bandpass filter 33A2FL1. The 33A2A2 doubles the incoming frequency
from the receiver fixed head. The 33A2A1 is a variable frequency multiplier, and
produces the continuously variable, final local oscillator frequency in the range of
425 to 735 MHz by doubling the input frequencies from 212.5 to 289.75 MHz and tripl-
ing the input frequencies from 193.333 to 245.0 MHz. The change in multiplication
factor is accomplished by changing the input frequency to the point where the output
tuned circuit selects the required harmonics. The second harmonic is selected over
the required portion of the band and then the input frequency is stepped down to the
point where the tuned circuit selects the third harmonic. Bandpass filter 33A2FL1
is a tunable filter which attenuates all unwanted sub-multiples of the local oscil-
lator frequency applied to the frequency mixer stage.

b. Block Diagram Analysis (Fig. 2-87). The rf input in the range of 95 to 145
MHz, at a level of +15 dbm, is fed into the low pass filter section of frequency
multiplier 33A2A2, where the unwanted signals are removed. The filtered signal is
then fed to the full-wave diode frequency doubler and then amplified in the 3-stage
wideband rf amplifier. The output signal in the frequency range of 190 to 290 MHz is
filtered again in the low pass filter at the output of 33A2A2. The output of
frequency multiplier 33A2A2, at a level of +16 dbm ±1.5 dbm, is fed to the multiplier
section of the variable multiplier 33A2A1. The multiplier section generates a signal
rich in harmonics, which is then amplified and filtered in two separate stages. The
frequency selective circuits are ganged to the front panel RCVR SIG and MULT PEAK
controls. The tuned circuits select the second or third harmonics, thereby producing
a variable frequency 30 MHz higher than the received frequency. The output of 33A2A1
is fed to tunable bandpass filter 33A2FL1 which attenuates the unwanted submultiple
of the local oscillator frequency. The bandpass filter, is also ganged to the front
panel RCVR SIG and MULT PEAK controls (fig. 2-85) and is tuned, with the frequency
selective circuits, 30 MHz above the frequency of the received signal.

2-73. Frequency Multiplier 33A2A2 or 34A2A2

a. General. Frequency multiplier 33A2A2 or 34A2A2 is fixed multiplier which
doubles the rf output of amplifier-frequency multiplier 1RE1A5, part of the receiver
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fixed head. The unit consists of three subassemblies, low pass filter FL1, frequen-
cy multiplier assembly A1 and low pass filter assembly FL2. The input to the unit
is in the frequency range of 95 to 145 MHz, at a level of +15 dbm ±3 db. The output
of the unit is in the frequency range of 190 to 290 MHz, at a level of +17 dbm ±2.O
db.

b. Detailed Circuit Analysis (FO-4-50). The output of 1RE1A5 is fed through pin
A1 of P1 to low pass filter FL1. Low pass filter FL1 is a seven-element, M-derived
filter which provides a 30 db attenuation at 190 MHz (2nd harmonic of the lowest in-
put frequency) and 3 db at 150 MHz. The N-derived filter provides a sharp cutoff,
necessary because the operating range is 95 to 145 MHz and the second harmonic of 95
MHz is 190 MHz. The insertion loss of the filter is 0.75 db over the operating fre-
quency range. The filter consists of L1, L2, L3, L4, C2, C3 and C4; variable capa-
citors C1 and C5 are provided for alinement. The filtered rf signal is fed through
J1 of frequency multiplier assembly A1 to the frequency doubler, T1 and CR1. Trans-
former T1 is a three-wire ferrite transformer with a balanced output. The output of
T1 is balanced by variable capacitor C1. Balancing the output of T1 reduces the
fundamental and third harmonics of the doubler output. The output of transformer T1
drives the full-wave doubler, consisting of the pair of matched hot carrier diodes
CR1A and CRIB in CR1. Shunt tuned circuit L1 and C2 along with R1 provides a return
path to circulate harmonics. The nominal loss of the doubler is 10 db. The doubled
signal is coupled through C3 and series tuned equalizer circuit, C4, L2 and R2, to
the base of amplifier Q1. The output of Q1 is fed to amplifier Q2 and then to Q3,

EL5RE086

Figure 2-87. Frequency Multiplier Group 33A2, Block Diagram.
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through respective series-tuned equalizer circuits L4, C6, R8 and L5, C7, R11. The
interstage equalizer networks ensure optimum gain of the three-stage amplifier over
the frequency range. The nominal gain of the amplifier is 16 db. The first two am-
plifier stages, Q1 and Q2, are class A operated to obtain maximum gain. To obtain
constant output power over the frequency range, the third stage Q3 is driven into
class C operation. Voltage dividers R3-R4, R5-R7 and R9-R12 provide the appropriate
dc bias for Q1, Q2 and Q3 respectively. The output of frequency multiplier assembly
A1, is coupled through C18 to J2 and fed to P1 of low pass filter assembly FL2. The
rf signal, in the frequency range of 195 to 290 MHz, at a level of 17.75 db ±2.O db,
is fed through low pass filter assembly FL2 which consists of L1, L2, L3, C1, C3, C5
and C7. Four variable capacitors C2, C4, C6 and C8 are provided for filter aline-
ment. The insertion loss of the filter is 0.75 db at the operating frequency and
13 db minimum above the operating frequency.

2-74. Frequency Multiplier 33A2A1

a. General. Frequency multiplier 33A2A1 provides the final local oscillator fre-
quency by doubling the frequency of the signal from frequency multiplier 33A2A2 over
a portion of the band and tripling it over the remainder of the band. The unit con-
sists of a transistor harmonic generator and a two-stage amplifier. The two stages
of the amplifier are coupled to tuned circuits which select the required harmonics.
The change in multiplication factor is accomplished by changing the input frequency
to the point where the output tuned circuit selects the required harmonic.

b. Circuit Description (FO-4-49).

(1) Multiplier section. The output of the frequency multiplier 33A2A2, in the
frequency range of 195 to 290 MHz, at a level of +17 dbm ±2.O db, is applied to in-
put connector J1. The signal from J1 is applied to the base of harmonic generator
Q1 through the input matching network which consists of tuned circuit L1, R1, Z1,
C1, R2 and 33A2A1C1 (C1 is mounted outside circuit board 33 A2A1A1). L1 and 33A2A1C1
are adjusted for a low Q. Q1 is the harmonic generator, operated in class C. Zener
diode CR1, connected across the dc supply line for Q1, limits the power dissipation
of the transistor by limiting the collector voltage to 5.6 volts. The output of the
multiplier, a signal rich in harmonics, is coupled to the amplifier section through
broadband matching network L2, R3 and C2. L2 attenuates the fundamental frequency
to enhance the harmonic production. R3 provides a load at any frequency to keep Q1
stable and it also reduces feedback of high frequency harmonics through the
collector-base capacitance. C2 couples the desired harmonics to amplifier Q2.

(2) Amplifier section. The output of multiplier Q1 is coupled to the base of
Q2 . R4, R5 controls the dc bias of Q2. C3 and R6 in the dc feedback circuit pro-
vide bias stability for a more linear response. The output of Q2 is coupled through
output matching network L3, R7, C5 to resonant circuit Z2, C2. Both amplifier
stages are operated in class “A”, and contain similar input and output coupling net-
works, except that the first stage works on a smaller collector current due to lower
rf level. The tunable resonant circuits, in the output of the amplifiers, reject
the unwanted frequencies and select the required frequencies. Multileaf air capaci-
tors C2 and C3, in the resonant circuit cavities Z2 and Z3 respectively, are ganged
to the tuning mechanism of the local oscillator filter and receive tunable filter of
the duplexer.

(3) Tuning mechanism. The direct transmission inethod used insures consistent
tracking between frequency multiplier 33A2A1 and filter bandpass 33A2FL1. The out-
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put frequency is continuously variable, using the RCVR SIG control and idler trim-
ming arrangement actuated by the MULT PEAK control. The tuning mechanisms of vari-
able amplifier 33A2A1 and filter bandpass 33A2FL1 are ganged to each other through
two bevel gears, mounted on different shafts, driving their respective capacitors.
The multiplier shaft is then coupled to the duplexer receive filter mechanism
through a reduction gear box. The RCVR SIG control actuates the four-cavity duplex-
er filter and adjusts bandpass filter assembly 33A2FL1 and multiplier assembly 33A2-
A1 to a point near the required tuning point; the MULT PEAK control then tunes the
bandpass filter and multiplier assembly to their required tuning point.

2-75. Bandpass Filter 33A2FL1

The output of variable frequency multiplier is applied to the input connector J1 of
bandpass filter 33A2FL1 (FO-4-57). From J1 the signal is fed to resonator Z2
through input matching network L1, Z1. The filter consists of two fixed length ca-
pacitively loaded coaxial resonators Z2 and Z6. The loading capacitors C1 and C5
are variable and ganged to the tuning mechanism of variable multiplier 33A2A1. The
input and output loading networks are similar and consist of an inductor and a
parallel capacitor. The signal is coupled from Z2 to 26 through a T-network con-
sisting of inductors L2, L3 and L4. 23, Z4 and Z5 are parallel self capacitances of
the coils.

2-76. Intermediate Frequency Amplifier 33AR1 or 34AR1

a. General. The intermediate frequency amplifier 33AR1 or 34AR1 is part of an IF
system consisting of intermediate frequency amplifier 33AR1 or 34AR1, bandpass fil-
ter 1RE1FL1 and intermediate frequency amplifier 1RE1AR2. (The latter two are lo-
cated in the receiver fixed head.) IF amplifier 33AR1 or 34AR1 is a three-stage
amplifier with automatic gain control of the last two stages. The agc voltage is
derived from video amplifier 1RE1AR1, located in the receiver fixed head. The over-
all gain of the IF amplifier is 50 db nominal and the automatic gain control pro-
vides gain adjustment down to 10 db.

b. Block Diagram Analvsis (Fig. 2-88). The 30 MHz IF signal from frequency mixer
stage 33A7 or 34A7, at a level ranging from -35 to -75 dbm (depending upon the
receiving signal strength), is fed into the high-pass filter, part of
amplifier-filter 33AR1A1 or 34AR1A1. The high-pass filter attenuates all signals
below 30 MHz. The output of the high-pass filter is fed to the first stage of the
IF amplifier through a low pass matching network (part of 33/34AR1AR1). The
low-pass matching network matches the output impedance of the high-pass filter to
the input impedance of the first amplifier stage. The outputs of the first and
second amplifier stages are controlled by age-controlled PIN diodes. The input to
these PIN diodes is current from the agc amplifier. The input to the agc amplifier
is voltage from the receiver fixed head. A preset gain control provides a ±5 db
adjustment of the overa11 gain.

c. Detailed Circuit Analysis (FO-4-54). The 30 MHz IF signal from frequency mix-
er stage or 34A7, at pin A1 of connector P1, is fed to the high-pass filter
consisting of C1, C2, C3, C4, C5, L1, L2, L3 and L4 in amplifier-filter 33/34AR1A1.
This filter provides 56 db attenuation at 15 MHz. The adjustable inductors L1, L2,
L3 and L4 are aligned using the pole-zero method. The filtered IF signal, at con-
nector J1 of IF amplifier 33/34AR1AR1, is fed through low pass through C4 to the
base of Q1. The low pass matching network L1, L2, C1, C2 and coupled through C4 to
the base of Q1. The low pass matching network matches the impedance of the high
pass filter to the input impedance of Q1. L1, L2 are adjustable and are alined by
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the swept vswr method. R1, RT1, R2 is the bias network for Q1 and L4, C6 and R3
forms the collector load. R3 provides isolation against the impedance variations of
CR1. The amplified signal is coupled through C9 to the base of second amplifier
stage Q2. R5, R7 and R4 forms the bias network for Q2. R6 is the collector load
for Q2. 1-7 prevents CR2 from being back-biased by the potential developed across
R6. The gain of this transistor stage is adjusted by potentiometer R4 mounted on
33AR1A1. The output of the second stage is coupled to the base of the third stage
Q3, through input matching network R8, C14, L11. The gain of the third stage is
also adjusted by gain control potentiometer R4 in 33AR1A1. The amplfied output is
fed to the receiver fixed head through the output matching network consisting of R9,
L12 and C18. Two PIN diodes CR1 and CR2 are connected at the input of the second
and the third stages. The resistance of these two PIN diodes is controlled by the
agc current through Q1 in amplifier-filter 33AR1A1. The agc voltage from the video
amplifier in the fixed head is fed through pin 1 of P1 through filter-network L5, C7
to the base of agc amplifier Q2. Q1 and Q2 of the amplifier are connected in a dif-
ferential configuration and the input voltage variations are converted into current
variations which in turn control the resistance of the PIN diodes.

2-77. Power Supply 33PS1 or 34PS1

a. General. Power supply 33PS1 or 34PS1, situated in the receiver rf head, con-
verts -12 volts dc to a regulated +70 volt dc supply. The -12 volt input is derived
from the main power supply situated in the receiver fixed head. The regulated out-
put supply is used on a tuning potentiometer which tunes a voltage controlled filter
in frequency mixer stage 33A7 or 34A7.

b. Detailed Circuit Analysis (FO-4-55). -12 volts dc at pin 3 of P1 is applied
to the input filter L1, L2, C1, C2, C3, C4 and C5. The input filter prevents any
spikes generated in the oscillator to be fed back to the -12 v line. C6, a 0.1 uf
capacitor shunting the filter capacitors, provides extra protection against high
frequency spikes. The output of the filter is fed to a self-starting oscillator Q1,
Q2. The starting voltage, 1 volt minimum on turn-on, is provided by voltage divider
R2, R12. Resistor R1 acts as a load for the oscillator during the transition in
switching from one state to the other. The oscillator converts the -12 volts dc in-
to an ac signal which is then applied to the primary windings of inverter transform-
er T1. Transformer T1 steps up the ac converter signal to a 90 volt peak-to-peak
supply. The output of the inverter, taken across terminals 5 and 6, is rectified in
the full-wave bridge rectifier CR1, CR2, CR3, CR4. The rectified voltage is fed
through the output filter (C8, C9, C1O, L3 and L4) which suppresses the ripple in
the rectified dc supply. The voltage at the output of the filter, approximately 90
volts, is then fed to the preregulator circuit consisting of a constant current pre-
regulator and a series regulator circuit. Series regulator transistor Q4 and Q5 are
connected in a high-gain dc amplifier arrangement; Q4 provides additional closed-
loop gain for higher regulation. The emitter of Q5 is the regulated output line.

(1) The constant current circuit consists of CR5, R3, R4 and Q3. CR5 provides
a reference voltage for Q3 resulting in a constant current through R4 and Q3 emitter
to collector which is used to control the current through Q4 and Q5. A reference
voltage is taken from CR7 to the base of Q6. A sample of the 70 volt output is
applied through R9 and R1O to the base of Q7. Q6 and Q7, being a differential dc
amplifer, the Q6 collector current is a function of the difference between the out-
put voltage and the reference voltage. +70 V LEVEL potentiometer R1(1 adjusts the
output voltage. An increase in the output voltage will increase the voltage at the
base of Q7. This causes an increase in Q6 collector-emitter current and reduces the
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base current into Q4 and consequently the base current into Q5. A decrease in Q5
base current causes an increase in its collector-to-emitter voltage which reduces
the output voltage. The reverse occurs when the output voltage decreases below the
set value.

(2) R5 and R6 form a current limiting network which provides output short cir-
cuit protection. A reduction in load resistance causes an increase in the current
through regulator circuit Q4 and Q5 and an increase in the voltage drop across R5.
When the voltage drop exceeds the reverse bias of CR6, it turns on and shunts the
current away from constant current transistor Q3. The Q3 emitter current reduces
and, as a result, the base current into Q4 and Q5 is reduced, limiting the current
through regulator Q5.

2-78. Voltage Control Assembly 33A1A2 or 34A1A2

The voltage control assembly provides the tuning voltage for the varactor filter in
the frequency mixer stage 33A7 or 34A7. The variable voltage controls the tuning
law so that the frequency mixer stage tracks with the duplexer. The input to the
voltage control assembly is the +70 volts dc regulated supply from power supply
33PS1 or 34PS1. The unit consists of an aluminum casting, a potentiometer, a worm
and worm gear and a spur gear coupled to duplexer subassembly 33A1A1 (fig. 2-85) or
34A1A1 main tuning shaft.

Section VIII. AMPLIFIER-FREQENCY MULTIPLIER AM-4322/GRC-103(V)
AND AM-4322A/GRC-103(V)

2-79. Functional Block Diagram Analysis of Amplifier-Frequency Multiplier
AM-4322/GRC-103(V) and AM-4322A/GRC-103(V) (Fig. 2-89)

The rf output of the Band III transmitter fixed head, in the range of 95 to 145 MHz
at a level of 35 dbm, is fed into amplifier-frequency multiplier AM-4322/GRC-103(V)
or AM-4322A/GRC-103(V) (transmitter Rf head), where it is multiplied and amplified
to produce the final transmitter frequency.

a. The transmitter rf head multiplication circuits provide the final multiplica-
tion required to produce the selected transmitter channel frequency. The multipli-
cation is accomplished in frequency multiplier 38A1 which contains a frequency
doubler and a variable multiplier which multiplies the second harmonic frequency by
three or by four. The output harmonic frequency of the frequency multiplier is
selected by two tuned cavities which are ganged to the front panel XMTR TUNE con-
trol. The frequency multiplier also produces an alc voltage which keeps the trans-
mitter fixed head output at a preset value. The multiplied frequency is also ampli-
fied in the frequency multiplier circuit by an alc controlled amplifier. The output
of frequency multiplier 38A1, in the range of 695 to 1000 MHz at a level of 23 dbm,
is fed into rf amplifier 38AR1AR1.

b. The amplification of the output signal to the final output level is done in
two-stage radio frequency amplifier 38AR1AR1 (driver and output amplifier), using
two planar triodes type 7211 mounted in tuned-cathode, tuned-plate coaxial quarter-
wave resonant cavities. The XMTR TUNE control, in the front panel, tunes the cath-
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frequency of the trans-
rf signal is then fed to
outgoing signal to pass

from” port 1 to port 2, but prevents any reflected signal from reaching port 1. “The
reflected signal is bypassed through the third port to a dummy load. After rejec-
tion of unwanted harmonics in low pass filter 38AR1A1FL1, the output signal is fed
through rf power monitor 38AR1A2 and PWR OUT connector to amplifier-converter AM-
4318/GRC-103(V) (Band III receiver rf head) and through a duplexer, to the antenna
system. A sample of output power and reflected power is rectified in the power mon-
itor and taken out as PWR OUT and REFL PWR metering signals.

d. Control-indicator 38A2 (channel selector) is an electromechanical device oper-
atinig in conjunction with electrical frequency synthesizer and amplifier monitor in
the transmitter fixed head. The channel selector provides 13 control lines. Con-
trol lines 1 to 12 inclusive program the frequency generating circuits in the elec-
trical frequency synthesizer. Control line 13 is fed through the amplifier frequen-
cy multiplier to the amplifier monitor in the transmitter fixed head to control
variable attenuators in amplifier-monitor 5TR1A5. Voltage regulator assembly 38AR1-
A1A1 supplies the regulated heater supply for the driver and output tubes.

EL5RE088

Figure 2-89. Band III Transmitter RF Head, AM-4322/GRC-103(V) and
AM-4322A/GRC-103(V), Block Diagram. 2-183
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e. An overall schematic diagram of the Band III transmitter rf head is shown in
FO-4-70 and the interconnecting diagram is shown in FO-4-71.

2-80. Frequency Multiplier 38A1

a. General. Frequency multiplier 38A1 multiplies the transmitter fixed head out-
put–signal by six to produce 695 to 839.5 MHz, or by eight to produce 840 to 1,000
MHz. The output signal, at a level of +23 dbm, is the input drive for radio fre-
quency amplifier 38AR1. Frequency multiplier 38A1 consists of two printed wiring
boards mounted in a six-compartment aluminum casting. Two casting compartments in-
corporate two tuned cavities, while a doubler, a multiplier, the cavities gear
drive, and an electrical connector are contained in the remaining compartments. The
center conductors of the cavities are variable plungers driven by precision lead
screws which are ganged to the XMTR TUNE control.

b. Block Diagram. Analvsis (Fig. 2-90). The output of amplifier frequency
multiplier 5TR1A4, in the frequency range of 104 to 140 MHz at a level of +35 dBm,
is fed through the input matching network to the A1Q1 wideband doubler circuit.
Parametric multiplier A1Q1 amplifies the input fundamental frequency while the
collector-to-base capacitance acts as a varactor for harmonic generation. The
output of the wideband doubler is fed through the output matching network to the
diplexer filter which terminates the fundamental frequencies and provides a path
for the second harmonics. The output of the diplexer filter is applied through the
input matching network to variable frequency multiplier transistor A1Q2. The A1Q2
circuit multiplies the rf signal by three or by four. Tunable cavity A1Z1 selects
the required harmonic from the output of the multiplier. The filtered output is
fed to amplifier stage A1Q3, which provides up to 7 db gain for the multiplier
signal. The output of the amplifier is tuned by cavity A1Z2 which is ganged to
A1Z1 and the front panel XMTR TUNE control. The amplifier-frequency multiplier
38A1 contains two automatic level control (alc) circuits: the input alc which
maintains a constant drive to the X2 multiplier circuit (A1Q1) and the output alc
which regulates the X6 or X8 rf output, which in turn drives the radio frequency
amplifier 38AR1. The transistor in the alc circuit controls the incoming rf level
by controlling the dc current consumption of the two multiplier stages (X2 and
X3-X4) . Automatic level control of the output signal is provided by A1Q1 and A1Q4.
This circuit controls the collector voltage supply to A1Q3 amplifier stage. The
alc circuit is driven by a signal from the rf power amplifer 38AR1 in proportion to
the rf drive signal. A portion of the output signal is fed into the metering
circuit where it is rectified and used as the MULT metering signal. Control line
13 from control-indicator 38A2 is used to operate attenuator switching relay K1.
The relay supplies information to the modulator in the fixed head to change its
sensitivity when the multiplication factor changes from six to eight.

c. Detailed Circuit Analysis (FO-4-69).

(1) Frequency doubler. The rf input from J1 is fed through an input matching
network to transistor multiplier A1Q1. The input matching network contains a band-
pass network and an impedance transforming network. The bandpass network consists
of C4, L1, C5 and L2 and is used to isolate the input circuit from the multiplier
output frequencies. The parallel resistive network R5 and R6 in series with 4:1
transformer T1, matches the input impedance of A1Q1. The fundamental frequency,
from the input matching network, is coupled through dc blocking capacitor C8 to the
base of A1Q1. R7 provides a small reverse bias on the base of A1Q1 for optimum
efficiency. C7 cancels any inductance introduced by the transformer at midband.
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Collector supply for 38A1Q1 and 38A1Q2 is derived from the +28 vdc through 38A1R2.
L7 and C12 resonate with the transistor output capacitance at the fundamental mid-
band frequency. The capacitance between the base and collector of A1Q1 varies non-
linearly with the transistor collector voltage. The transistor amplifies the funda-
mental which drives the variable base-collector junction capacitance, producing a
highly distorted output waveform. This waveform contains components of the funda-
mental and harmonic frequencies. The A1Q1 output is fed through output matching
network C14, L8 to the diplexer filter.

(2) Input alc circuit. The voltage applied to the input alc transistor 38A1A1-
Q1 is developed across resistor 38A1R2 through which passes the current consumed by
the two multiplier stages 38A1Q1 and 38A1Q2. R3, the ALC LEVEL potentiometer, is
set for maximum current through 38A1R2. When the incoming rf signal is too high,
the voltage at the base of alc transistor Q1 causes its collector voltage (input
ale) to increase; this increase in the input alc voltage applied to the alc circuit
in the amplifier-frequency multiplier 5TR1A4 will cause a decrease of the rf output.
The reverse is true for a weaker incoming rf signal. Since the input rf signal is a
function of the dc current consumption, the supply current once set, controlling the
input rf level becomes independent of multiplier transistor efficiency or transistor
parameters. C6 provides rf decoupling and R4 is the collector load.

(3) Diplexer filter. The diplexer filter is a power splitter providing a path
to terminate the fundamental frequencies at one port and a path for the second har-
monics to the third port. The diplexer is a combination low-pass - high-pass filter
with seven sections. The fundamental frequencies are fed through the filter and
terminated in A1R1. The second harmonics, fed through the filter to the output
port, are coupled through C18 to the variable frequency multiplier 38A1A2 circuit.

(4) Variable frequency multiplier. The output of the frequency doubler is
coupled through input matching network R1, C1, C2, C3 to the base of frequency
multiplier A1Q2. The output at the collector of A1Q2 is the signal rich in second
or third harmonics. L1 in parallel with R1O forms an idler circuit which resonates
with the collector-to-base varactor capacitance at, 250 MHz (midband of the funda-
mental input frequencies) to produce second harmonic frequencies. Capacitors C5 and
C6 provide rf decoupling at the operating frequencies and at low frequencies. The
second harmonic idler, L2, C7 and A1Q2 collector-base capacitance, provide a low im-
pedance path to circulate the second harmonic current, thereby producing third har-
monic frequencies. C4 completes the idler loop, along with the second harmonic id-
ler components. The multiplier output is coupled through C7 to filter cavity A1Z1
through A1L1 and A1L2 to the base of amplifier A1Q3.

(5) Cavity filter A1Z1 and A1Z2. The output of the variable frequency multi-
plier is coupled through A1L1 to cavity filter A1Z1. The cavity is a quarter-
wavelength tunable filter which tunes the output from the multiplier. The selected
harmonics are coupled through A1L2 to the amplifier A1Q3. The value of coupling
coils A1L1 and A1L2, in parallel with the coaxial line, is selected to provide a
constant bandwidth over the frequency range. A1L1 and A1L2 provide an effective in-
ductance of .0081 uh. The required capacitance to resonate this inductance is ob-
tained from the capacitance of the plunger. Trimmer capacitors A1C1 and A1C2 reso-
nate the fixed portion of the coaxial line. A1Z2 filter circuit, in the output of
amplifier A1Q3, is identical to the A1Z1 filter circuit. A1L3 and A1L4 are the in-
put and output coupling coils, for A1Z2, and A1C4 and A1C5 the trimmer capacitors.
The bandwidth of the circuit is determined primarily by the multiplier cavity. The
amplifier cavity bandwidth is wider to compensate for small tracking errors between
the two cavities. Both cavities are ganged to the front panel XMTR TUNE control.
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(6) Alc controlled amplifier A1Q3. The filtered output from cavity A1Z1 is
coupled into the amplifier A1Q3 which provides approximately 7 db gain. R11 slight-
ly forward biases the base of A1Q3 to increase the gain of the amplifier stage at
lower drive levels. L3, C9 and R7 form an equalizer to reduce the drive to the
amplifier over the low frequency end of the times three range. L3 and C9 resonate
at 950 MHz and present a high impedance to the base signal at the high frequency end
of the band and a low impedance at the low frequency end. L4 and C1O filter the
collector dc supply. The collector supply voltage is fed through a series regulator
A1Q4 to provide automatic level control. A1Q4 is controlled by Q1 which receives
its drive from the power amplifier. The input alc signal is proportional to the rf
drive to the cathode of the power amplifier driver tube. This signal is applied
through P1 pin 8 to zener diode CR1 and the base of transistor Q1. CR1 limits the
drive into Q1 to 3.3 volts, to insure that Q1 output never goes below 3 volts. Po-
tentiometer R6 is adjusted for a minimum output level of +23 dbm from rf out connec-
tor J2, or 15 volts at the emitter of A1Q4, whichever is the least. Q1 drives the
base of series regulator A1Q4 thereby varying the collector supply voltage to A1Q3
and consequently the gain of A1Q3. The amplified signal is coupled through C11 to
cavity filter A1Z2 where the signal is further tuned to the required transmitter
frequency. The output signal to rf amplifier 38AR1AR1, is coupled through low pass
filter Z2, C14, Z3 to the output connector J2. The low-pass filter has a cutoff
frequency above 1000 MHz.

(7) Metering Circuit. A portion of the output is coupled to a directional
coupler comprising two striplines on the printed circuit board. Since the coupling
energy increases with the increasing frequency, coil L5 is placed in series with the
detector diode CR2 to provide a constant rf drive to the diode. Rf decoupling is
provided by C12. The detected rf is fed to the metering circuit in the transmitter
fixed head for MULT meter indication.

(8) Modulator sensitivity relay K1. Relay K1 receives its actuating signal
through control line 13 from the channel selector. For output frequencies of 695 to
839.5 MHz, control line 13 is open and 26 v neutral is applied to the 12 db line
through K1 contacts A2, A3. From 480 to 1000 MHz, line 13 is grounded and 26 v neu-
tral is supplied to the 3.5 and 6 db line through contacts A2, A1

2-81. Radio Frequency Amplifier 38AR1AR1

a. General. Radio frequency amplifier 38AR1AR1 amplifies the final selected
transmitter frequency by 23 db in two power amplifier stages. Each stage uses a
type 7211 lighthouse tube mounted in a tunable resonant cavity. The cavity design
uses a coaxial quarter-wave resonant cavity (fig. 2-91) for both the plate and
cathode circuits. The heater connection to the amplifier tube is made through the
hollow cathode lead screw inside the center conductor of the cathode grid
resonator. The lead screw is of a double-start nature to enable rapid transit of
the tuning plungers. Cathode feed (input signal) is taken in through the input
connector which is adjacent to the gear plate. This input signal is then passed
through a 50 ohm feeder coaxial cable, firmly bonded to the outside of the grid
cathode resonator cavity, and fed through the cathode contact assembly to the
cathode. DC isolation is achieved within the cathode contact assembly. The plate
supply is decoupled by a capacitor (bypass capacitor assembly) integral to the
amplifier tube socket. The capacitor is a silvered mica disc in a potted assembly.
Dc power to the tube plate is fed to the high voltage connection mounted on the
plate side of the bypass capacitor assembly. Tuning the cathode and plate
resonators is accomplished by adjusting mechanically coupled plungers, ganged to
the XMTR TUNE control. Output coupling
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Figure 2-91. RF Amplifier 38AR1AR1, Resonator Cavity, cross-sect

of the resonators is by capacitive probes located at the tube of the
senator.

b. Detailed Circuit Analysis (Fig. 2-92) . The signal from ampl
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ional View.

plate-grid re-

ifier frequencv
multiplier 38A1 is fed through connector J1 and input ‘matching network L1, Z1 to
the cathode of driver tube V1. Z1 is a section of open-circuit transmission line
which forms a shunt capacitance to the grid of VI which is at Dc ground. Z6 in the
V2 circuit is similar and both provide impedance matching at the high frequency end
of the frequency range. The driver V1 and output V2 circuits are identical. Z2 and
Z7 are the cathode-grid resonant cavities and Z5 and Z1O are the plate-grid
resonant cavities for the driver and output stages respectively. C5 and C12 are
button-type standoff capacitors for the regulated heater supply to the driver and
output stages. C7 and C14 are the feedthru capacitors for high voltage plate
supply to the two stages. C4 is a trimmer capacitor in parallel with the
plate-grid circuit and is used to compensate electron tube plate-grid capacitance
spread of the driver stage. Similarly C11 is the trimmer capacitor in the output
stage. C3 and C1O and C1 C8 are bypass capacitors and provide dc isolation. The
input signal, at a level of 200 milliwatts, is fed to the cathode of the driver
tube V1. The signal excites cathode resonator Z2 connected between cathode and
grid of V1. The output signal from the plate of V1 resonates in plate-grid
resonator Z5 and is coupled through coupling probe C2 to the output connector J2.
Coupling probe C2 is preset during alinement. The driver tube output is fed
through coaxial cable W1 to connector J3 of the output stage and then to the input
matching network, Z6, L2. Z6 and L2 perform the same
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Figure 2-92. RF Amplifier 38AR1AR1, Schematic Diagram.
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function as Z1 and L1 in the driver circuit and Z6 is similar to Z1. The output and
driver stages are electrically and mechanically similar. The cathode dc voltage of
the output stage is fed back through the heater voltage regulator assembly to the
amplifier frequency multiplier. The output cathode bias changes are used to produce
the alc voltage which controls the output of the amplifier frequency multiplier (in-
put to power amplifier). The final amplified signal is fed through coupling probe
C9 to the output connector J4. The cathode currents are regulated by a constant
current source within the transmitter power supply 5TR1PS1. Plate supply for the
two tubes is 630 volts dc at about 180 milliamperes and is supplied through radio
frequency interference filter 38AR1A1FL2 which suppresses any 5 kHz components on
the 630 volt supply. Resistor assembly 38AR1A1A2 bleeds off any residual high vol-
tage when the unit is disconnected. Channel-frequency indicator DSl is also ganged
to the XMTR TUNE control and provides a visual indication of the selected channel.

2-82. Voltage Regulator Assembly 38AR1A1A1

Voltage regulator assembly 38AR1A1A1 is identical to voltage regulator assembly
37AR1A1A1. Refer to paragraph 2-61 for general and detailed circuit descriptions.

2-83. Circulator 38AR1HY1

Circulator 38AR1HY1 is a 3-port ferrite device using permanent magnets. The rf
output from power amplifier 38AR1AR1 is fed to J1 (port 1) of the circulator
(FO-4-70). The circulator permits the transmission of the outgoing signal from
port 1 to port 2 (J2) but prevents any reflected signal from reaching port 1. The
reflected signal at port 2 is directed to port 3 (J3) where it is terminated in
electrical dummy load 38AR1AT1. The dummy load is a resistive network with a low
vswr and dissipates up to 35 watts at 1 GHz.

2-84. Low-Pass Filter 38AR1A1FL1

Low-pass filter 38AR1A1FL1 is connected between circulator 38AR1HY1 and power
monitor 38AR1A2. Low-pass filter 38AR1A1FL1 is a sealed high power filter with a
cutoff above 1,000 MHz. It filters out any harmonics of the transmitter output rf
signal.

2-85. Rf Power Monitor

Rf power monitors 38AR1
functional description.

38AR1 A2

A2 and 37AR1A2 are  identical. Refer to paragraph 2-63 for a

2-86. Control-Indicator 38A2 or 34A4

a. General. Control-indicators 38A2 (FO-4-70) (transmitter
and 34A4 (receiver channel selector) are identical in function and
also similar to control-indicator 6A3 (fig. 2-49). Each channel
13 control lines (1 through 13) to the frequency synthesizer in

channel selector)
construction and
selector provides
transmitter and

receiver respectively. - To select the required synthesizer in frequency, control
lines 1 to 12 are switched on and off in a binary pattern with line 13 switched
between channels 1279 and 1280 to change the synthesizer output frequency steps.
The switching modules are operated by a set of cams and followers which reflect the
various coding patterns as shown in the coding tables (FO-4-60).

b. Description of Operation.
microswitches and a logic modu
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operated by a set of cams to generate the binary code which presets the required
stages of the programmed counter in synthesizer 5TR1A2 or 1RE1A2. The front panel
channel-indicators consist of a series of numbered wheels. The indicating wheels
are geared to the microswitch cams and to a front panel control knob. The transmit-
ter channel selector display indicates the channel rather than the frequency select-
ed. The following formulas should be used to translate a selected channel into a
frequency and vice versa.

(1) Transmitter frequency = Transmitter channel + 200 MHz
2

(2) Transmitter channel = (Transmitter frequency - 200) x 2

On the receiver channel selector the coding is arranged to produce a local oscilla-
tor frequency 30 MHz higher than the channel indicated in the display. This is done
to permit the indicator to refer to the received signal frequency, the actual load
oscillator frequency being always 30 MHz higher to provide the correct intermediate
frequency. The decoder unit is an encapsulated logic circuit designed to sense
channel coding on eleven microswitch output lines. Up to number 1280 (transmitter)
the logic module produces the same output as the input, input two to output two and
so on. At channel 1280 the logic module switches the inputs so that input 12
appears at output 11 and so on. The logic module then produces output 12 (line 12)
and control line 13.

Section IX. AMPLIFI

2-87. Functional Block Diagram Anal
(FO-4-62)

ER-CONVERTER AM-4318/GRC-103(V)

ysis of Amplifier-Converter AM-4318/GRC-103(V)

a. Amplifier-Converter AM-4318/GRC-103(V) (Band III receiver rf head), incorpor-
ates a duplexing system which enables the radio set to use a single antenna for both
transmit and receive sections, and circuits which convert the incoming receive sig-
nal into a 30 MHz intermediate frequency.

b. The receiver rf head duplexer 34A1 provides the necessary isolation and impe-
dance matching between the transmit and receive signals. The transmit signal at the
PWR OUT connector of the transmitter rf head at a level of approximately 25 watts is
fed through an external coaxial cable, through the FROM XMTR connector on the front
panel of the receiver rf head, to duplexer subassembly 34A1A1. In the duplexer sub-
assembly, the transmit signal is fed to a tuned two-cavity filter (resonators). The
tunable transmit filter is manually tuned to the transmit channel by the XMTR DUPL
control. The ±2 MHz bandwidth of the filter provides additional filtering of the
transmit signal while presenting a high attenuation to the received frequency. The
transmit signal is then directed through impedance matching network 34A1A1Z1 and rf
power monitor 34A3 to the ANT. connector, and through an rf coaxial cable to the an-
tenna system. Rf power monitor 34A3 samples the forward and reflected power to and
from the antenna system. These samples are rectified and the resulting dc voltages
are used for XMTR DUPL and REFL PWR metering.

c. The receiving circuits of the receiver rf head accept modulated signals in the
frequency range of 695 to 1000 MHz, at a level of -54 dbm to -94 dbm and convert
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them to a 30 MHz intermediate frequency (IF) which is then amplified and demodulated
in the receiver fixed head. The signals from the antenna, applied to the ANT. con-
nector by the lead-in cable, are fed through impedance matching network 34A1A1Z1 to
a 3 MHz bandwidth tunable four-cavity filter (receiver section of duplexer subassem-
bly). The tunable receive filter is manually tuned to the receive channel by the
RCVR SIG control. The received signal is then fed through a high signal protection
circuit (signal level control-monitor) which prevents rf signals greater than +15
dbm from getting into the receiver. Signal level control-monitor also monitors the
protection level and triggers the HIGH SIGNAL ALARM circuit when the input level ex-
ceeds +15 dbm.

d. The rf signals are fed through low pass filter 34FL1 which attenuates all har-
monics of the incoming frequency. The output of the low pass filter is fed into the
frequency mixer stage 34A7. The frequency mixer stage consists of two main cir-
cuits, a low-noise broadband rf amplifier and an image rejection mixer circuit. The
695 to 1000 MHz received rf signal is first amplified in a microwave integrated cir-
cuit amplifier. The second input to the frequency mixer stage is the local oscilla-
tor signal in the range of 725 to 1035 MHz from the frequency multiplier group 34A2
(e. below). The two signals are mixed in the two balanced mixers and the two resul-
tant IF signals combined in a hybrid where the image rejection takes place. The 30
MHz IF output signal, 10 to 18 db above the level of the received rf signal is then
fed to the IF amplifier 34AR1; the frequency mixer stage also contains a local os-
cillator signal metering circuit.

e. The input to the frequency multiplier group 34A2 is the output of amplifier-
frequency multiplier 1RE1A5, in the range of 95 to 145 MHz. The frequency multipli-
er group 34A2 consists of three modules, frequency multiplier 34A2A2, frequency
multiplier 34A2A1, and bandpass filter 34A2FL1. Frequency multiplier 34A2A2 doubles
the input frequency from 1RE1A5. The resultant frequency from 34A2A2 is applied to
the second module, frequency multiplier 34A2A1, which triples the frequency over one
portion of the band and quadruples it over the remaining portion, to produce a con-
tinuously variable output frequency 30 MHz above the frequency of the received sig-
nal. Mechanically, the frequency multiplier 34A2A1 is ganged to the RCVR SIG con-
trol which also drives bandpass filter 34A2FL1, the third module of the frequency
multiplier group. The bandpass filter 34A2FL1 attenuates the unwanted submultiple
of the output frequency from the frequency multipliers. The RCVR SIG control ad-
justs the variable frequency multiplier 34A2A1 and the bandpass filter 34A2FL1 to a
point near the required tuning point, approximately 30 MHz above the frequency of
the received signal. The MULT PEAK control then tunes the variable frequency multi-
plier and the bandpass filter to the required tuning point. The ganging of the RCVR
SIG and MULT PEAK is such that the output frequency from the frequency multiplier
group 34A2 (local oscillator) is always 30 MHz above the duplexer receiver section.
The local oscillator signal is then fed into the frequency mixer stage 34A7A1 where
it is mixed with received rf signal to produce a 30 MHz IF signal. A portion of the
local oscillator signal is detected and rectified in the frequency mixer stage 34A7-
A1 to provide the MULT metering voltage. The IF signal from the mixer stage is
amplified in intermediate frequency amplifier 34AR1. The intermediate frequency am-
plifier 34AR1 is part of the IF amplification system which also includes bandpass
filter 1RE1FL1 and intermediate frequency amplifier 1RE1AR2 in the receiver fixed
head. Intermediate frequency amplifier 34AR1 has a nominal gain of 50 db without
agc and d maximum gain of 10 db with maximum age. Automatic gain control of two
stages in each of the two IF amplifiers provides automatic adjustment of overall
gain over a range of 50 db, depending on the input signal. Intermediate frequency
amplifier 34AR1 is a broadband device, all shaping being done in bandpass filter 1R-
E1FL1.
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f. Operating voltages, +12 v and -12 v regulated and 26 v unregulated, required
for the circuits in the receiver rf head, are supplied by the power supply 1RE1PS1
in the receiver fixed heads. An overall schematic diagram of the receiver rf head
unit 34 is shown in FO-4-63 and an interconnecting diagram is shown in FO-4-64.

2-88. Duplexer Subassembly 34A1A1

a. General. Since Radio Set AN/GRC-103(V) operates with a single antenna, du-
plexer subassembly 34A1A1, part of duplexer 34A1, is necessary to provide isolation
between the transmitted signal and the received signal. The duplexer subassembly,
basically, consists of two coaxial cavity filters with a common port (ANT. connec-
tor); one filter provides filtering of the transmitter signal and the other filters
the received signal. The duplexer subassembly also contains an impedance matching
network 34A1A1Z1 which matches the transmit and receive filters to the antenna over
the entire frequency range; S1 is a shorting device used during the alignment of
transmit cavity 27 and receive cavities Z2, Z3. In addition to the cavity filters
and impedance matching network, the duplexer subassembly also contains the gearing
and mechanical drive for the voltage control assembly 34A1A2 and frequency multi-
plier group 34A2. The chassis of the duplexer subassembly is the main structural
nember of the amplifier-converter Am-4318/GRC-103(V).

b. Detailed Circuit Analysis (FO-4-63).

(1) Transmitting path. The transmitter portion of the duplexer subassembly
consists of two quarter-wave resonant tuned cavities, 34A1A1Z6 and 34A1A1Z7. The
cavities are connected in series through an intercavity coupling network. The
coupling network provides the correct impedance transformation between adjacent re-
sonators for realization of proper filter response. Both cavities are tuned in
parallel with adjustable plungers controlled by the XMTR DUPL front panel control.
The channel to which the transmitter cavities are tuned is indicated by channel-
frequency indicator 34A1A1DS2 in the XMTR CHANNEL display window. The input and
output of the resonators are connected through the end resonator coupling networks
which transform the 50 ohm impedance of the system up to the correct level required
by the resonators. The filter has a pass band of ±2 MHz and an insertion loss of
1.5 db for 90 percent of the band and 2.0 db for the remainder. The output of the
filter, from the end resonator coupling network, is fed to the impedance matching
network 34A1A1Z1 which matches the impedance of the transmitter to the antenna. The
transmitter output is then fed through power monitor 34A3 to the antenna. Power
monitor 34A3 measures the forward and reverse (reflected) power of the transmitted
signal. Spark protection during tuning is afforded the cavities by spark gaps E2
and E4.

(2) Receiving path. The received signal from the antenna is connected through
power monitor 34A3 and impedance matching network 34A1A1Z1 to the end resonator
coupling network of the receiver cavity filter. The receiver portion of the duplex-
er subassembly consists of four quarter-wave resonant tuned cavities, 34A1A1Z2 to
34A1A1Z5. The cavities are connected in series through intercavity coupling net-
works. The coupling networks provide the correct impedance transformation between
adjacent resonators for realization of proper filter response. All four cavities
are tuned in parallel by adjustable plungers controlled by RCVR SIG front panel
knob. The channel to which the receiver cavities are tuned is indicated by channel-
frequency indicator 34A1A1DS1 in RCVR CHANNEL display window. The receiver filter
has a pass band of ±3 MHz and an insertion loss of 2.0 db for 90% of the band and
2.5 db for the remainder of the band. The input and output of the resonators are
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coupled through end coupling networks which provide the correct source and termi-
nating impedances for the filter. Spark protection during tuning is afforded the
cavities by spark gaps E1 E3, E5 and E6.

(3) Coupling networks. A coupling network between two adjacent resonators is
provided to give the correct impedance transformation. The required characteristics
are achieved by using a T-network of L-C circuits. These coupling networks between
resonators Z2, Z3, Z4 and Z5, in the receive section, are identical except for the
value of their components. A typical coupling network between resonator Z2 and Z3
consists of a series inductor L4 in parallel with variable capacitor C4, a series
indicator L8 in parallel with variable capacitor C5 and a variable shunt inductor
L6• Z11 in parallel with L6 is the stray capacitance existing between the coils
when located in their housing. The coupling network between resonator Z6 and Z7 in
the transmit section consists of series inductors L3, L7 and a variable shunt induc-
tor L5. Z1O in parallel with L3 is the stray capacitance of L3 and similarly Z12
and Z13 are stray capacitance of L5 and L7 respectively.

(4) End resonator coupling network. The input and output end resonators of the
receive and transmit filters are terminated in special coupling networks. These
networks transform the 50 ohm impedance of the system up to the correct level re-
quired by the resonators, for realization of proper filter response. The input net-
work in the receive filter consists of an inductor L2 in parallel with variable ca-
pacitor C1 A similar network at the output consists of inductor L16 and parallel
variable capacitor C14. The input and output networks in the transmit section are
similar, the inductors are fixed but the capacitance of these fixed inductors can be
varied by a movable shield.

(5) Impedance matching network 34 A1A1Z1. This unit provides a common junction
for the transmit and receive filters. The network consists of a T-junction. One
arm is a 50 ohm transmission line which terminates at the duplexer connector J1, and
the other two arms of the T are identical 100 ohm transmission lines. The two 100
ohm arms are connected in series with their respective filter at the resonator
coupling network coil. The electrical length of these two arms changes with the on-
tune and off-tune frequencies and thereby maintains the proper match between trans-
mit and receive filters to the antenna over the entire frequency range of 695 to
1000 MHz.

(6) Tuning mechanism. The tuning of duplexer subassembly 34A1A1, variable
frequency multiplier 34A2A1; and voltage control assembly 34A1A2 is accomplished
through two main shafts mounted on the duplexer chassis. One shaft tunes the
transmitter section of the duplexer subassembly and the other shaft tunes the
receiver section of the duplexer subassembly, the frequency multiplier and the
voltage control assembly. The transmitter section drive shaft, connected to the
XMTR DUPL control through reduction gears (fig. 2-84), carries three bevel gears.
Two bevel gears drive the two individual center conductor drive screws of the
resonant cavities, and the third gear drives the XMTR CHANNEL indicator.
Similarly, the receiver drive shaft, connected to the RCVR SIG control through
reduction gears (fig. 2-93), carries five bevel gears. Four bevel gears drive the
four individual center conductor drive screws of the receiver resonant cavities.
The fifth gear drives the RCVR CHANNEL indicator. Also carried on the receiver
section drive shaft are two reduction spur gears. One gear drives speed decreaser
gear assembly 34A1MP1. The speed decreaser gear assembly provides tracking between
the receiver duplexer cavities and the frequency multiplier and at the same time
permits a small adjustment of the frequency mulitplier, relative to the receiver
duplexer, using the MULT PEAK control.
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Figure 2-93. Duplexer Subassembly 34A1A1, Receiver Section, Tuning Mechanism.

This unit consists of a precision aluminum casting which incorporates a speed reduc-
tion of 40 to 1 through a worm and plastic worm gear. The clutch and stop device,
mounted on the unit’s main shaft, provides continuous coupling between the duplexer

subassembly and the frequency multiplier during tuning by the RCVR SIG control; it
also permits a slippage during two and one-quarter turns of the MULT PEAK control.
The stop device is made of three stop washers and prevents failure of the clutch.
The second spur gear on the receiver drive shaft provides a coupling to voltage con-
trol assembly 34A1A2. The voltage control assembly provides the tuning voltage for
a varactor filter in frequency mixer stage 34A7.

2-89. Rf Power Monitor 34A3

Rf power monitor 34A3 is identical to rf power monitor 33A3. Refer to paragraph 2-
67 for a functional description.
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2-90.

Signs
Refer

2-91.

Signal Level Con-trol-Monitor 34A5

level control-monitor 34A5 is identical to signs level control-monitor 33A5.
to paragraph 2-68 for a functional description.

Low-Pass Filter 34FL1

Low-pass filter 34FL1 is a sealed unit connected between siqnal level control 34A5
and frequency mixer stage 34A7. It is used to suppress the-harmonics of the incom-
ing frequencies and provides a minimum of 35 db rejection at all frequencies above
2085 MHz (3 times the lowest fundamental). The vswr at either port does not exceed
1.31:1 and the power handling capacity is 25 dbm continuous.

2-92. Frequency Mixer Stage 34A7

a. General. The frequency mixer stage consists of the following four separate
integrated circuit subassemblies, soldered to a printed circuit board 34A7A1: rf
Amplifier 34A7A1AR1, I/C monitor-power 34A7A1A1, two balanced mixers 34A7A1A2 and
34A7A1A3, and a 3 db coupler quadrature hybrid 34A7A1HYB1 (IF). The construction of
frequency mixer stage 34A7 is identical to that of frequency mixer stage 33A7 (para
2-70). The received rf signal in the range of 695 to 1000 MHz from the low pass
filter 34FL1, and the local oscillator signal between 725 and 1035 MHz from the
bandpass filter 34A2FL1 are mixed in the two balanced mixers; the resultant 30 MHz
IF outputs are then quadrature coupled and fed to the IF amplifier 34AR1. Conver-
sion gain of the frequency mixer stage 34A7 is between 10 and 18 db, while the noise
figure is below 4.5 db.

b. Circuit Description (FO-4-61). The rf input at 34A7J1 is applied directly to
pin–1 of the rf amplifier 34A7A1AR1. The two-stage, low-noise, broadband amplifier
is a microwave integrated circuit, using high gain; low-noise microwave transistors
in their coplanar stripline package; fabrication of the rf amplifier circuits on an
alumina substrate using thin film technology, provides a good control of assembly
parasitic. The gain of the rf amplifier is 19 dbm ±2 db with a noise figure 2.8
db. +12 v and -12 vdc operating voltages are applied to pins 3 and 2 of the rf am-
plifier, FL1 and FL2 provide rf filtering of the dc lines.

(1) The integrated circuit monitor-power 34A7A1A1 combines the functions of a 3
db coupler, an in-phase power divider and a power
of the rf amplifier is applied through pin 1 of
assembly (rf quadrature hybrid) (fig. 2-93). The
are applied through pins 7 and 2 (FO-4-61) to bal
respectively.

monitor. The rf signal at pin 4
monitor-power to the 3 db coupler
two rf outputs in quadrature phase
ance mixers 34A7A1A2 and 34A7A1A3

(2) The local oscillator signal is applied through pin 4 of monitor-power to an
in-phase hybrid power divider; the two resultant local oscillator outputs are then
applied in-phase through pins 3 and 6 to the two balanced mixers. The rf voltage of
the incoming local oscillator signal is detected and the dc voltage is made avail-
able through pin 5 to output connector P1 pin 4 for MULT metering. Like the rf am-
plifier 34A7A1AR1, the monitor-power is a microwave integrated circuit realized by
using thin film technology on alumina substrate.

(3) The two balanced mixer stages provide products ± 30 MHz around the local os-
cillator frequency. The two mixers are identical, only the input pin numbers are
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Figure 2-94. Image Rejection Mixer Circuit, Simplified Functional Diagram.
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different. The balanced configuration of the mixers provides optimum spurious per-
formance.

(4) The two IF signals are then quadrature coupled within the 3 db coupler
quadrature hybrid 34A7A1HYB1 where the image noise product is terminated within a
resistive load. The output port of the hybrid is matched for interface with the IF
Amplifier 34AR1. L1-A, C1 and L1-B, C2 (low pass filters) filter the two mixer out-
puts. Image rejection is achieved within R1.

2-93. Frequency Multiplier Group 34A2 (Fig. 2-95)

a. General. Frequency multiplier group 34A2 provides the final local oscillator
frequency to the mixer, 30 MHz higher than the received rf signal. The frequency
multiplier group consists of three subassemblies; frequency multiplier 34A2A2, fre-
quency multiplier 34A2A1, and bandpass filter 34A2FL1. The 34A2A2 doubles the in-
coming frequency from the receiver fixed head. The 34A2A1 is a variable frequency
multiplier, and produces the final local oscillator frequency in the range of 725 to
1,030 MHz, by multiplying a portion of the input frequencies by three to produce
725.0 to 839.5 MHz, and multiplying the other portion of the input frequencies by
four to produce 840.0 to 1,030 MHz. The change in multiplication factor is accom-
plished by changing the input frequency to the point where the output tuned circuit
selects the required harmonics. The third harmonic is selected over the required
portion of the band and then the input frequency is stepped down to the point where
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the tuned circuit selects the fourth harmonic. Bandpass filter 34A2FL1 is a tunable
filter which attenuates all unwanted submultiple of the local oscillator frequency
applied to the frequency mixer stage.

b. Block Diagram Analysis (Fig. 2-95). The rf input in the range of 95 to 145
MHz, at a level of +15 dBm, is fed into the low pass filter section of frequency
multiplier 34A2A2 where the unwanted signals are removed. The filtered signal is
then fed to the full-wave diode frequency doubler and then amplified in the 3-stage
wide band rf amplifier. The output signal in the frequencv ranqe of 190 to 290 MHz
is filtered again in
the frequency multi
level of +16 dBM±l.
multiplier 34A2A1.
which is then ampli
selective circuits
The tuned circuits

the low pass filter at the output of 34A2A2. The output of
plier 34A2A2 in the frequency range of 190 to 290 MHz, at a
5 dBm, is fed to the multiplier section of the variable
The multiplier section generates a signal rich in harmonics,

fied and filtered in two separate stages. The frequency
are ganged to the front panel RCVR SIG and MULT PEAK controls.
select the third or fourth harmonics, thereby producing a

variable frequency 39 MHz higher than the received frequency. The output of 34A2A1
is fed to tunable bandpass filter 34A2FL1 which attenuates the unwanted
submultiple of the local oscillator frequency. The bandpass filter is also ganged
to the front panel RCVR SIG and MULT PEAK controls (fig. 2-93) and is tuned, with
the frequency selective circuits, 30 MHz above the frequency of the received signal.

2-94. Frequency Multiplier 34A2A2

Frequency multipliers 33A2A2 and 34A2A1 are identical. Refer to paragraph 2-72 for
general and detailed circuit analysis descriptions.

2-95. Frequency Multiplier 34A2A1

a. General. The frequency multiplier 34A2A1 is part of the local oscillator
chain and provides the final local oscillator frequency to the frequency mixer
stage. It provides times-three (725.00 to 839.5 MHz) or times-four (840.00 to
1030.00 MHz) multiplication of the input frequency at an output level of +12 dBm.
The input to the unit is the output of frequency multiplier 34A2A2. The output of
the unit is fed to bandpass filter 34A2FL1 before being applied to frequency mixer
stage 34A7. The 34A2A1 unit consists of one printed wiring board and a casting
which contains two tunable cavities. The tuning plungers of the cavities are
coupled mechanically through a stainless steel band to speed decreaser gear
assembly 34A1MP1 (fig. 2-93). The unit is tuned by the RCVR SIG and MULT PEAK
controls through 34A1MP1.

b. Detailed Circuit Analysis (FO-4-59).

(1) Multiplier section. The output of the frequency multiplier 34A2A2, in the
frequency range of 195 to 290 MHz at a level of +17 dbm ±2.O db, is applied to 34A2-
A1 input connector J1. The signal from J1 is applied to a low pass filter consist-
ing of R8, R9, L2, L3 and C9. The low-pass filter reduces the input power to
approximately +14 dbm, the optimum input level for fourth harmonic frequency genera-
tion by transistor multiplier Q1. The low-pass filter also provides input matching
to the transistor. The output of the low pass filter is coupled through C1O to the
base of multiplier transistor Q1. C11 is a bias feed-through capacitor. R1O sets
the bias level so that multiplier transistor Q1 operates in class C. Q1 produces a
signal rich in third and fourth harmonics which is fed through resonator Z5 to a two
stage amplifier Q2, Q3. Z5 and Z8, at the output of the harmonic generator Q1 and
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amplifier Q3 respectively, are tuned to select the required harmonics. Both resona-
tors are ganged to the front panel RCVR SIG control. CR1 defines the voltage across
Q1 so that the class C output current peaks applied to Z5 are of constant amplitude.
Z2 is an inductive distributed impedance tuned by shorting strap E4. Z2 is a strip-
line which tunes the input reactance of Z5. Z4 and Z6 are the inductive impedance
of Z5. At Z5 and Z8, cavity adjustment capacitors C1 and C3 respectively are the
middle frequency adjustment screws and C2 and C4 are the high frequency adjustment
screws. R19 is the collector load resistance for Q1 and provides stability of in-
band frequencies. C13 is the Q1 emitter decoupling capacitor.

(2) Amplifier section. The output of the frequency multiplier transistor tuned
to the received frequency in resonator Z5, is coupled through C14 and input matching
network C15, Z4, Z5, R11, R12 to the base of amplifier Q2. R11 and shunt resistor
R12 provide stability at the input and similarly, R14 and shunt resistor R13 provide
stability at the output. The amplified signal is coupled from the collector of Q2
through equalizer C18, Z6, R14 to a bandpass filter network. The bandpass filter
attenuates the fundamental frequencies. The input and output matching networks for
the second amplifier stage Q3 are similar to the first stage. Both stages are oper-
ated in class A with an overall nominal gain of 12 db. R2, R3 and R4, the voltage
divider, provide proper bias for the operation of Q2 in class A. Similarly, R5, R6
and R7 provide proper bias for Q3. CR2 and CR3 provide reverse bias breakdown pro-
tection. The output of the amplifier is coupled through C27 and the tuned resonator
Z8 to the output connector J2.

2-96. Bandpass Filter 34A2FL1 (FO-4-63)

The output of variable frequency multiplier 34A2A1 is fed to the input connector PI
of bandpass filter 34A2FL1. The filter consists of two quarterwave coaxial line
cavities Z1 and Z2. The cavities are tuned by varying the length of their center
conductor plunger. The rf signal is coupled to and from the cavities by inductive
loops. The loops are adjusted by a setscrew. The coupling between the two
cavities is by fixed slot coupling. The two cavities are ganged to the front panel
RCVR SIG and MULT PEAK controls. The bandpass filter attenuates the unwanted
submultiple of the local oscillator frequency to be applied to the frequency mixer
stage. The cavities are located in an aluminum casting with the cavities tuning
drive mechanism forming an integral part of the unit. A drive band of stainless
steel fixed to a roller is coupled to the cavity plungers. The tuning drive
rollers of frequency multiplier 34A2A1 and bandpass filter 34A2FL1 (fig. 2-931, use
a common shaft which is actuated by the front panel controls.

2-97. Intermediate Frequency Amplifier 34AR1

Intermediate frequency amplifier 34AR1 is identical to intermediate frequency
amplifier 33AR1. Refer to paragraph 2-76 for circuit descriptions.

2-98. Power Supply 34PS1

Power supply 34PS1 and power supply 33PS1 are identical. Refer to paragraph 2-77
for circuit descriptions.

2-99. Voltage Control Assembly 34A1A2

Voltage control assembly 34A1A2 and voltage control assembly 33A1A2 are identical.
Refer to paragraph 2-77 and figure (FO-4-63).
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Section X. AMPLIFIER-FREQUENCY MULTIPL
BAND IV TRANSMITTER RF HEAD

IER AM-4323/GRC-103 (V)
(UNIT 40)

2-100. Functional Block Diagram Analysis of Amplifier-Frequency Multiplier
AM-4323/GRC-103(V) (Fig. 2-96)

a. The rf output of the transmitter fixed head (95 to 145 MHz at approximately
+35 dbm) is fed into Amplifier-Frequency Multiplier AM-4323/GRC-103(V), the Band IV
transmitter rf head, where it is multiplied and amplified to produce the final
transmitter channel frequency. Multiplication is accomplished in amplifier-
frequency multiplier 40A2, which multiplies the signal received from the transmitter
fixed head by 12 to provide frequencies of 1350 to 1679.5 MHz and by 16 for frequen-
cies of 1680 to 1849.5 MHz. The desired frequency is selected in a tunable cavity
resonator, which is incorporated in the amplifier-frequency multiplier and ganged to
the XMTR TUNE control on the front panel. An alc controlled rf amplifier (40A2AR2)
amplifies the multiplied signal to a nominal +27 dbm level.

b. The amplified signal is fed through two-port isolator 40A1AT1 to bandpass fil-
ter 40FL1. Rf amplifier 40A2AR2 is isolated from load mismatch extremes by the iso-
lator. Spurious outputs and noise from the multiplier chain is rejected by the
bandpass filter, which also delivers a nominal +24 dbm output to amplifier 40AR1.

c. Amplification of the signal to the final output level is accomplished in tun-
able two-stage rf amplifier 40AR1 with two selected planar triodes (type 7211, SM-
A-794144). The triodes are mounted in tuned-cathode 3/4 wavelength and tuned-plate
1/4 wavelength coaxial cavities. Input/output power coupling is achieved by fixed
capacitive probes, and triodes are cooled by air forced through a honeycomb struc-
ture incorporated to minimize radio frequency interference. Voltage regulator
assembly 40A3 provides the regulated heater supply for the driver and output tubes.

d. Rf amplifier 40AR1, bandpass filter 40FL1, and amplifier-frequency multiplier
40A2 are ganged to the XMTR TUNE control on the front panel, which tunes all three
stages to the desired frequency. Channel frequency indicator 40A1DS1 indicates the
frequency to which the transmitter is being tuned, and the front panel PWR OUT PEAK
control permits rf amplifier 40AR1 to be fine tuned separately for maximum output
power.

e. The amplified signal is fed through three-port circulator 40A1HY1 and power
monitor 40A1A1 to the PWR OUT connector on the front panel. Isolation of rf ampli-
fier 40AR1 from load mismatch extremes is effected by the circulator. The third
port of the circulator is terminated in dummy load 40A1A2. Samples of output power
and reflected power are rectified by power monitor 40A1A1. Resultant dc voltages
are taken out as REFL PWR and PWR OUT metering signals.

f. Control-indicator 40A4 (channel selector) is an electromechanical device oper-
ating in conjunction with electrical frequency synthesizer 5TR1A2 and amplifier-
monitor 5TR1A5 to the transmitter fixed head to provide 14 control lines (O through
13). Control lines O through 12 program the frequency generating circuits in the
electrical frequency synthesizer. In order to keep the transmitted deviation con-
stant for different multiplication factors, control line is fed through amplifier-
frequency multiplier 40A2 to the transmitter fixed head to control variable attenua-
tors in the amplifier-monitor at the multiplication factor changeover point.
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Figure 2-96. Band IV Transmitter RF Head, AM-4323/GRC-103(V), Block Diagram
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An overall schematic diagram of the Band IV transmitter rf head is shown in
FO-4-76 An interconnecting diagraim is shown in figure FO-4-77.

2-101. Amplifier-Frequency Multiplier 40A2

a. General. Amplifier-frequency multiplier 40A2 multiplies the transmitter fixed
head signal by 12 or 16 to produce the final transmitter frequency of 1350 to 1849.5
MHz . This frequency is fed through coaxial isolator 40A1AT1 to bandpass filter
40FL1 to provide the input drive for rf amplifier 40AR1.

b. Mechanical Assembly (Fig. 2-97) . Amplifier-frequency multiplier 40A2
consists of three printed circuit board assemblies mounted in a cast-aluminum
housing which incorporates a tunable, coaxial, cavity filter as an integral part of
the casting. Impedance matching network 40A2A1 is found on one printed circuit
board assembly, voltage regulator 40A2AR1 on another, and rf amplifier 40A2AR2 on
the third. The coaxial cavity is tuned by a plunger connected to a leadscrew which
is externally ganged through a gear assembly to the front panel XMTR TUNE control.
A signal from rf amplifier 40AR1 automatically controls the output level
amplifier-frequency multiplier 40A2.

40A2A1

COAXIAL RI NETWORK

CAVITY COUPLING IMPEDANCE

GEAR DRIVE LEADSCREW FILTER NETWORK MATCHING

SHAFT 40A2AR2 L1 PLUNGER 40A2ARl
LOCKING CLAMP AMPLIFIER RF COUPLING REGULATOR,

NETWORK VOLTAGE

of
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Figure 2-97. Amplifier-Frequency Multiplier 40A2, Cross-Sectional View.
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c. Block Diagram Analysis (Fig. 2-98). The output of amplifier-frequency
multiplier 5TR1A4, in the range of 105 to 140 MHz at a level of approximately +35
dBm, is fed through impedance matching network 40A2A1. Frequencies in the lower
part of the range are attenuated, while frequencies in the upper Part are
transmitted with no loss, by the equalizer stage of 40A2A1, to help maintain a more
constant level of generated harmonics from multiplier diode CR1. The matching
network stage transforms the 50 ohm input impedance to match the impedance of
multiplier diode CR1.

(1) Diode CR1 generates a series of harmonics of the received signal (below and
above 2,000 MHz) which are applied to the tunable cavity resonator of 40A2. The re-
sonator selects the 12th harmonic for all frequencies from 1350 to 1679.5 MHz or the
16th harmonic for all frequencies from 1680 to 1849.5 MHz. It feeds the selected
harmonic to rf amplifier 40A2AR2, a three-stage wideband amplifier that amplifies
the signal by a nominal 12 db.

(2) Couplings R1 and L1 ensure sufficient match of resonator input and output
impedance to achieve the correct loaded Q. A portion of the output signal is fed
into a metering circuit where it is rectified and used as the MULT metering signal.

(3) Automatic level control of the output signal from 40A2AR2 is provided
through voltage regulator 40A2AR1. The alc circuit is driven by a signal from rf
amplifier 40AR1 which is fed through voltage regulator 40A3 to voltage regulator
40A2AR1. Two current limiters in 40A2AR1 provide current limitation for the second
and third stages of 40A2AR2. A switching relay in 40A2AR1, operated by a signal on
control line 13 from control-indicator 40A4, provides modulation control to the mod-
ulator in the fixed head at the multiplication factor changeover point.

d. Detailed Circuit Analysis (FO-4-75). An input of 105 to 140 MHz is fed to pin
E1n the printed circuit board of impedance matching network 40A2A1 via connector
P1 (pin A1 Resistors A1R1, A1R2 and A1R3 provide an attenuation network for lower
frequencies, while components A1C1-A1L2 and A1C2-A1L1 provide an rf bypass circuit
for the higher frequencies. A lowpass matching network (A1C3 through A1C7, A1L3 and
A1L4) matches the impedance of step recovery diode CR1. Temperature variable bias
resistance is provided by A1RT1, and A1L5 tunes with the capacitance of CR1 to maxi-
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Figure 2-98. Amplifier-Frequency Multiplier 40A2, Block Diagram.
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mize rf current circulation through the diode. Capacitor C1 acts as a dc block,
preventing a shortcircuit of bias through tuned cavity resonator Z1. Network R1-L1
matches input and output impedances to the cavity resonator. The selected frequency
(1350 to 1849.5 MHz) is fed to terminal E1 on the printed circuit board of rf ampli-
fier 40A2AR2, where it is amplified by approximately 12 db. Amplifier 40A2AR2 con-
sists of three amplifier stages, with a variable electronic attenuator between the
first and the second amplifier stages and a monitor stage after the third amplifier
stage to supply the MULT metering signal. The first stage is a grounded emitter
circuit which operates in class AB and normally draws about 35 ma of idling current
at 6 volts VCE, while the second and third stages are grounded base circuits operat-
ing in class C.

(1) Resistors AR2R1, AR2R2 and AR2R3 form a 4.0 db Pi-type attenuator which
provides a good source impedance for AR2Q1 and isolates it from cavity resonator Z1.
A highpass filter network, consisting of AR2C2, AR2L1 and AR2C3, rejects the funda-
mental frequency from cavity resonator Z1 (105 to 140 MHz) to prevent saturation of
AR2Q1.

(2) Variable microwave capacitors AR2C4, AR2C8, AR2C11, AR2C13, AR2C18, AR2C19
and AR2C23 provide interstate impedance matching of the three amplifier stages. Ca-
pacitors AR2C14 and AR2C20 function as blocking capacitors, whereas AR2L4 and AR2L6
provide a dc return for the two class C stages. Resistors AR2R7, AR2R9, AR2R1O and
AR2R11 stabilize the amplifier in the required frequency range of 1350 to 1849.5
MHz.

(3) All dc supplies from voltage regulator 40A2AR1 are applied to the amplifier
through Pi-type filters to reduce the effect of spurious signals or noise from the
power supply on amplifier stability. A portion of the rf output power is capacity
coupled through AR2C25 and detected by diode AR2CR2. Rf decoupling is provided by
AR2C26, and a dc return is provided by AR2R14. The detected dc signal is fed to the
metering circuit in the transmitter fixed head for MULT meter indication.

(4) Zener diodes AR1CR2 and AR1CR3 regulate the dc voltage at AR1E11 (second
stage supply) and AR1E7 (third stage supply) to within 11.5 v (±O.5 v) and 19.5 v
(±0.5 v) respectively. Current (11.5 v (±0.5 v) and 19.5 v (±O.5 v)) limitation in
the second and third stages is set to 80 ma max and 220 ma max respectively by re-
sistors AR1R15 and AR1R16, to keep transistor stress below 65 percent.

(5) When the input drive at the second or third stage of 40 A2AR2 is excessive,
transistor AR1Q5 or AR1Q6 turns on and the voltage at the collector of AR1Q4 drops.
Less current therefore flows through PIN diode AR1CR1. PIN diode resistance in-
creases, resulting in attenuation to the second or third stage, until equilibrium is
reached.

(6) ALC signal from voltage regulator 40A3 is fed through connector P1 (pins 7
and 8) to amplifier circuit AR1Q2. In case of excessive rf input drive to rf ampli-
fier 40AR1, an alc signal turns on transistor AR1Q2, which pulls down the base vol-
tage of AR1Q5 and hence the emitter voltage. This reduces the gain of the third
stage and consequently the rf output power of 40A2AR2.

(7) Diode AR1CR1 ensures that the voltage at AR1E7 does not fall below that at
AR1E11, preventing premature saturation of rf amplifier 40A2AR2. If the voltage at
AR1E7 should fall below 12.5 v, the voltage at AR1E11 begins to reduce accordingly.
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(8) Relay AR1K1 is energized by a signal on line 13 from control indicator 40A4
and switches +26 vdc neutral from the 6 db or the 3.5 db line as required. Diodes
AR1CR5, AR1CR6 and AR1CR7 provide protection from the transients generated in the
solenoid of AR1K1 and the relays of the amplifier monitor in the fixed head.

2-102. Bandpass Filter 40FL1 (Fig. 2-99)

a. General. Bandpass filter 40FL1 is identical to bandpass filters 39FL1 and
39FL2 in the Band IV receiver rf head, and is located in the transmit signal path
following coaxial isolator 40A1AT1. It filters the multiplied transmit signal, re-
jecting spurious outputs (sub-multiples, signals and noise) of the frequency genera-
tor and multiplication circuits, before passing the signal to rf amplifier 40AR1.

(1) Bandpass filter 40FL1 consists of five tunable coaxial resonators ganged to
a common shaft and tunable over the frequency range of 1350 to 1849.5 MHz by a
single control. All five resonators are positioned side by side in a common struc-
ture consisting of five-cavity cast-aluminum housing and five plungers connected to
a common tie bar. The tie bar is actuated by two parallel spring-loaded leadscrews
with antibacklash nuts. Two sets of bevel gears couple the leadscrews to a common

COMMON COMMON
BEVEL LOCKING TIE-BAR FOR DRIvE
GEARS CLAMP PLuNGERS SHAFT

LEADSCREW

ANTI-BACKLASH
NUT

OUTPUT
COUPLING
NETWORK

COUPLING
TO GEAR ASSEMBLY

ON CHASSIS

COAXIAL
CONNECTOR

FIXED
INNER CONDUCTOR

SECTION

SPRING
CONTACT
FINGERS

TUNABLE APERTURE COUPLING SCREWS
INNER CONDUCTOR BETWEEN RESONATORS TO ADJUST COUPLING

(PLUNGER) BETWEEN RESONATORS
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Figure 2-99. Bandpass Filter 40FL1, 39FL1 or 39FL2, Cross-Sectional View.
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drive shaft that connects to the XMTR TUNE control on the front panel via a gear
assembly.

(2) Internally, each resonator consists of a cavity and a centrally located
hollow conductor section with spring contact fingers. A smaller conductor (plunger)
slides through the conductor section and the contact fingers, ensuring good electri-
cal contact and thus tuning the resonator. Coupling between each resonator is
achieved by an aperture in which peripheral screws adjust the cross-sectional area.

(3) The electrical input and output connections to bandpass filter 40FL1 are
made through rf connectors and an inductive-capacitive network coupling in
the end resonators (i.e. first and fifth cavity). Alinement of the resonators is
achieved by a series of adjustable screws which protrude through housing walls and
into each cavity. The screws act as adjustable capacitors and electrically match
the plunger position to the required frequency.

b. Detailed Circuit Analysis (Fig. 2-100). Input signal is received at connector
J1 and Tea through an inductive loop and capacitor C1 to Z1, a transverse electric
and magnetic (TEM) coaxial, quarter-wavelength resonator. The resonator is tuned by
varying the length of its inner conductor and is loaded by capacitive adjustment
screws C2 and C3. The filtered signal is then fed through an aperture coupling,
pretuned by adjustable capacitive screws C4 and C5, to resonant circuit Z2-C6-C7.
This signal path is continued through all resonant circuits to Z5, accomplishing the
necessary rejection. The signal is then coupled out to connector J2 through an in-
ductive loop and capacitor C20.

2-103. Rf Amplifier 40AR1 (Fig. 2-101)

a. General. Rf amplifier 40AR1 amplifies the final selected transmitter frequen-
cy of 1350 to 1849.5 MHz by approximately 20 db before the signal is fed to circula-
tor 40A1HY1. Two grounded-grid triode stages in cascade, and identical in construc-
tion, make up the amplifier. Each stage uses a planar triode tube (type 7211, SM-A-
794144) which is mounted in a tuned-cathode, coaxial, 3/4 wave resonant cavity and a
tuned-plate, coaxial, 1/4 wave resonant cavity. Tuning of cathode and plate resona-
tors is effected simultaneously over the frequency range by mechanically coupled
plungers that vary the effective length of the resonant cavities. Cathode tuning
plungers are moved by individual leadscrews, while plate tuning plungers are mounted
on a common carriage and moved by two leadscrews running parallel to each other.
All four leadscrews are interconnected by a chain and sprockets which couple with
the front panel XMTR TUNE control through a main chassis gear mechanism. This mech-

Figure 2-100. Bandpass Filter 40FL1 , 39FL1 or 39FL2, Schematic Diagram.
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Figure 2-101. RF Amplifier 40AR1, Cross-Sectional View (Sheet 2).
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anism incorporates the PWR OUT PEAK control of the fine tuning of 40AR1 . To
accommodate geometric tolerances and compensate for tube plate-to-grid capacitance
differences, tube insertion depths can be varied by an adjusting mechanism at the
side of the tubes (fig. 2-101 (sheet 1)). Input and output coupling to the
resonators is effected by capacitive probes which are preadjusted and locked (fig.
2-101 (sheet 2)).

b. Cavity Construction and Tuning Mechanism. Heater connections to the amplifier
tubes are made through the hollow cathode leadscrews inside the center conductors of
the cathode-grid resonators. Cathode feed (input signal) is supplied through a co-
axial connector on the capacitive probe in the first cathode-grid resonator. DC
isolation is achieved within the cathode tuning contact assembly. A capacitor inte-
gral to the amplifier tube socket decouples the plate supply, while dc power is fed
through a high-voltage filter connection to the tube plate. Plate and cathode tun-
ing is accomplished by varying the position of the respective short-circuit tuning
plungers, and the short-circuit to the resonator walls is made through sets of flex-
ible silver-plated fingers. The amplified output from the first plate-grid resona-
tor is taken by a capacitive probe to a coaxial connector and fed by a semi-rigid
coaxial cable to the input connector and capacitive probe of the second cathode-grid
resonator, where amplification is repeated identically.

c. Detailed Circuit Analysis (Fig. 2-102). Driver V1 and the output V2 circuits
are identical, Z1 and Z8 are the cathode-grid resonant cavities, and Z7 and Z14 are
for the driver and output stages respectively. Capacitance tuning screws C3 and C8
form the shunt capacitance to the grids of V1 and V2, which are at dc ground, and
provide impedance matching at the low frequency end of the band. The regulated
heater supply to the driver and output stages is fed through filters FL4 and FL2,
while the high voltage plate supply to both stages is fed through filter FL1.
Bypass capacitors C2, C7, C4A and C4B provide dc isolation. Output signal from
bandpass filter 40FL1 flows through input connector J1 and preset capacitive probe
C1 to the cathode of driver tube V1. The signal excites cathode resonator Z1,
which is connected between the cathode and the grid of VI.

(1) The amplified output signal from the plate of V1 resonates in plate-grid
resonator Z7 and is coupled through preset capacitive probe C5 to output connector
J2. Driver tube V1 output is fed through coaxial cable W1 to input connector J3 of
the output stage and then to capacitive probe C6, where amplification in the V2 cir-
cuit is repeated as in the V1 circuit. The final amplified signal is fed through
capacitive probe C10 to output connector J4.

(2) The cathode dc voltage of the output stage is fed back through pin 2 of
connector P1, through heater voltage regulator 40A3, to amplifier-frequency multi-
plier 40A2. Output cathode bias changes are used to produce the alc voltage which
controls the output of the amplifier-frequency multiplier and hence the input to the
power amplifier. Cathode current is regulated by a constant current source within
transmitter power supply 5TR1PS1, which also supplies 630 vdc (at approximately 180
milliamperes) for the plate supply.

2-104. Voltage Regulator Assembly 40A3

Voltage regulator assembly 40A3 is identical to voltage regulator assembly
37/38AR1A1A1 except for resistor values RI through R4, R12 and R20 (fig. 2-83).
General and detailed circuit descriptions applicable to voltage regulator 40A3 are
given in paragraph 2-61.
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2-105. Circulator 40A1HY1 and Electrical Dummy Load 40A1A2

Circulator 40A1HY1 is a 3-port ferrite device with permanent magnets which permit
the transmission of outgoing signals from port J3 to port J1 but prevent reflected
signals from reaching port J3. The rf output from power amplifier 40AR1 is fed to
port J3 of the circulator (FO-4-6) while the reflected signal at port J1 is directed
to port J2 and terminated in electrical dummy load 40A1A2. The dummy load is low
vswr resistive network capable of continuously dissipating up to 35 watts at 1850
MHz .

2-106. Rf Power Monitor 40A1A1

The power monitor is connected between port J1 of circulator 40A1HY1 and the PWR OUT
connector. It is similar to power monitor 37AR1A2. Refer to paragraph 2-63 for a
functional description.

2-107. Control-Indicators 40A4 and 39A4

a. General. Control-indicator 40A4 (the transmitter channel selector, FO-4-76)
and control indicator 30A4 (the receiver channel selector, FO-4-73) are similar in
function and construction to control-indicator 6A4 (fig. 2-49). Each channel selec-
tor provides 14 control lines (O through 13) to the frequency synthesizer in the
transmitter and receiver respectively. To select the required synthesizer frequen-
cy, control lines O to 12 are switched on or off in a binary pattern as shown in FO-
4-72. At the changeover point between high band and low band (transmitter channels
2959-2960, receiver channels 2899-2900), line 13 is also switched on or off as re-
quired to change the synthesizer output frequency. The switching modules are oper-
ated by a set of reflective cams and followers which reflect the coding patterns
shown in FO-4-72.

b. Description Operation.of (Fig. 2-1031. The control-indicator consists of an
optical module and a logic module (command signal decoder). Reflective and
nonreflective surfaces on the rotating cams al low the optical module to generate an
n-bit binary code which presets the required stages of the programmed counter in
synthesizer 5TR1A2 or 1RE1A2. The front panel channel indicators consist of a
series of numbered wheels geared to the rotating cams and to a front panel control
knob. Transmitter channel frequency indicator 40A1DS1 displays the channel rather
than the frequency selected. Use the following formulas to translate a selected
channel into a frequency and vice versa:

Transmitter frequency = (Tx chan ÷ 2) + 200 MHz

Transmitter channel = (Tx freq - 200 MHz) x 2

(1) Coding on the receiver channel selector is arranged to produce a local os-
cillator frequency 30 MHz higher than the frequency of the channel indicated in the
display to ensure that the intermediate frequency is correct.

(2) The command signal decoder unit is an encapsulated logic circuit designed
to sense channel coding on the input lines (1 through 12) and to provide control lo-
gic to control lines O through 13. Inputs 1 through 11 are programmed by optical
module outputs E1 through E11 respectively, while input 12 is hard-wired to ground.

(3) Up to and including channel 2959 (TX)/2899 (RX), the logic level on output
control lines 1 through 12 follows the logic level on the corresponding inputs (1
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through 12) of the decoder. For example, the logic level on input 1 appears on con-
trol line 1, the level on input 2 appears on control line 2, and so on through input
12 (which appears on control line 12). However, control lines O and 13 are command-
ed to a high level.

(4) At and above channel 2960 (Tx)/2900 (Rx), the decoder module switches the
inputs so that input 12 appears at control line 11, input 11 appears at control line
10, and so on through input 1 (which appears at control line O). Control line 12 is
commanded to a high level and control 13 to a low level.

Section XI. AMPLIFIER-CONVERTER AM-4319/GRC-103(V) - BAND
IV RECEIVER RF HEAD ( U N I T  3 9 )

2-108. Functional  Block Diagram Analysis of Amplifier-Converter
AM-4319/GRC-103(V) (Fig. 2-104)

a. Amplifier-Converter AM-4319/GRC-103(V). the Band IV receiver rf head, incor-
porates a duplexing system which enables the-radio set to use a single antenna for
both transmission and reception, as well as circuits which convert the incoming sig-
nal into a 30 MHz intermediate frequency.

b. The receiver rf head duplexer circuit (consisting of 39FL3, 39A1HY1, 39A1A1
and 39FL1) provides the necessary isolation between the transmit and receive sig-
nals. Transmit signal (15 watts) at the PWR OUT connector of the transmitter rf
head is fed through an external rf coaxial cable, through the FROM XMTR connector on
the front panel of the receiver rf head, to bandpass filter 39FL3. This tunable
transmit filter is manually tuned to the transmit channel by the XMTR DUPL control,
and provides additional filtering of the transmit signal while presenting a high
attenuation to the received frequency. From filter 39FL3, the transmit signal is
directed to the ANT connector (through circulator 39A1HY1 and rf power monitor 39A1-
A1) and to the antenna system (through an rf coaxial cable). Forward and reflected
power to and from the antenna system is sampled by power monitor 39A1A1, and recti-
fied. Resultant dc voltages are used for XMTR DUPL and REFL PWR metering.

c. The receive circuits of the receiver rf head accept fm signals of 1350 to
1849.5 MHz and convert them to a 30 MHz intermediate frequency which is then ampli-
fied and demodulated in the receiver fixed head.

(1) Signals from the antenna are applied to the ANT. connector by the lead-in
cable and are fed through power monitor 39A1A1 and circulator 39A1HY1 to bandpass
filter 39FL1. The filter selects the required signal and reduces all others to a
level which will not cause degradation of the selected signal. (Filter 39FL1 is
manually tuned to the receive channel by the RCVR SIG control. )

(2) The receive signal is then fed to frequency converter assembly 39A2. Here
it is amplified to a suitable level to mask mixer noise contributions and is mixed
with the local oscillator signal to produce an intermediate frequency of 30 MHz.
Frequency converter 39A2 also protects the receiver front end from possible damage
by inadvertent tuning of the transmit frequency to the receive frequency. In the
event of high signal entry, it also triggers the HIGH SIGNAL alarm in the receiver
fixed head.
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Figure 2-104. Band IV Receiver RF Head, AM-4319/GRC-103(V), Block Diagram.
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(3) After leaving the frequency converter, the 30 MHz if signal is fed to in-
termediate frequency amplifier 39AR2, which is automatically gain controlled to am-
plify the if signal as required by the fixed head. This if signal is then passed to
the receiver fixed head through wiring harness 39A1W1 interconnections.

(4) Channel frequency indicators 39A1DS2 and 39A1DS1 indicate the transmitter
and receiver frequencies being tuned.

d. The fundamental local oscillator frequency is generated in the receiver fixed
head, in the range of 105 to 140 MHz, and is fed to the receiver rf head wiring har-
ness 39A1W1.

(1) Control-indicator 39A4, which is operated by a front panel RCVR CHANNEL
tuning control, programs this basic signal and sends codes to the electrical fre-
quency synthesizer in the receiver fixed head. The codes permit variation of the
frequency multiplied local oscillator signal in 0.5 MHz increments. The selected
local oscillator signal is then passed to rf amplifier 39AR1, which amplifies the
signal to a level suitable for further frequency multiplication.

(2) Frequency multiplier 39A3 receives the amplified signal and multiplies it
by 12 to provide final local oscillator frequencies of 1380 to 1679.5 MHz and by 16
for frequencies of 1680 to 1879.5 MHz.

(3) A tunable cavity resonator in the frequency multiplier selects the local
oscillator frequency. The multiplied signal is then fed to five-cavity bandpass
filter 39FL2, which refects the unwanted signals from the local oscillator chain.

e. Mechanically, frequency multiplier 39A3 is ganged to bandpass filter 39FL2 and
then, through a gear assembly speed decreaser, to the RCVR SIG control, which also
drives bandpass filter 39FL1. The RCVR SIG control adjusts frequency multiplier
39A3 and bandpass filter 39FL2 to a frequency near the required tuning point,
approximately 30 MHz above the frequency of the receive signal selected by bandpass
filter 39FL1. Then, the MULT PEAK control fine-tunes frequency multiplier 39A3 and
bandpass filter 39FL2 to the optimum tuning point. Ganging of the RCVR SIG and MULT
PEAK controls is such that the output frequency of 39A3 is always 30 MHz above the
signal received at 39FL1. The local oscillator signal is then fed from
filter 39FL2 to the mixer stage of electronic frequency converter 39A2.

bandpass

f. Operating voltages at +12 vdc and -12 vdc regulated and 26 vdc
the receiver rf head circuits are supplied by power supply 1RE1PS1
fixed head. An overall schematic diagram of the Band IV receiver rf
in FO-4-73 and an interconnecting diagram is shown in FO-4-74.

2-109. Bandpass Filter 39FL3 (Fig. 2-105)

a. General.
provides final
culator 39A1HY1
reject unwanted
a level that will

unregulated for
in the receiver
head is shown

Bandpass filter 39FL3 is located in the transmit signal path and
filtering of the signal before it is fed to the antenna through cir-
and rf power monitor 39A1A1. The major function of the filter is to
transmit signal outputs and noise produced in rf amplifier 40AR1 to
 cause minimal degradation of receiver performance under conditions

of narrow receive and transmit channel spacing.

(1) Bandpass filter 39FL3 consists of two tunable coaxial resonators ganged to
a common shaft and tunable from 1350 to 1849.5 MHz by the XMTR DUPL control. Both
cavities are located in common housing. A common tie bar that is actuated by two
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Figure 2-105. Bandpass Filter 39FL3,Resonator Cavity Construction.

parallel spring-loaded leadscrews with anti-backlash nuts connects the plunger of
each. The leadscrews are coupled by a common shaft and two sets of bevel gears,
with one leadscrew connected to the XMTR DUPL control on the front panel through a
gear assembly. Coupling between resonators is achieved by an aperture in which
screws around the periphery adjust the cross-sectional area.

(2) Input and output connections to the bandpass filter are made through CO-
axial connectors and an inductive/capacitive network in each of the resonators.
Alinement of the resonators is achieved by adjustable screws which protrude through
housing walls and into each cavity. The screws act as adjustable capacitors, and
electrically match the plunger position to the required frequency.

b. Detailed Circuit Analysis (Fig. 2-106). The input signal from transmitter rf
head is received at connector J1 and fed through an inductive loop and capacitor C1
to Z1, a TEM-coaxial, quarter-wavelength resonator. Resonator Z1 is tuned by
varying the length of its inner conductor and is loaded by capacitive adjustment
screws C2 and C3. Filtered signal is then fed to the following resonant circuit
(Z2, C6, C7) through an aperture coupling pretuned by adjustable capacitive screws
C4 and C5, thereby accomplishing the necessary rejection. The signal is then
coupled out through an inductive loop and capacitor C8 to connector J2.

2-109. Circulator 39A1HYI

A 3-port ferrite device with permanent magnets, circulator 39A1HY1 is identical to
circulator 40A1HY1 (para 2-104). However, in the receiver rf head, it performs the
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duplexing function of routing the transmit signal to the antenna and of routing the
receive signal from the same antenna to the receive circuits. The transmit signal
arrives at the FROM XMTR connector and passes to port J3 through bandpass filter
39FL3. It is directed through the circulator to port J1, through power monitor 39A-
1A1, and on to the ANT. connector. The receive signal from the ANT. connector
arrives at port J1 Of the circulator power monitor through 39A1A1, is directed
through the circulator to port J2, and then through bandpass filter 39FL1 and into
frequency converter 39A2.

2-111. Rf Power Monitor 39A1A1

Rf power monitor 39A1A1 is located in the antenna line, between circulator 39A1HY1
and the ANT. connector on the front panel of the receiver rf head. The unit is si-
milar to rf power monitor 33A3 or 34A3. Refer to paragraph 2-67 for a functional
description.

2-112. Control-Indicator 39A4

This unit is similar to control-indicator 40A4. Refer to paragraph 2-106 for a
functional description.

2-113. Bandpass Filters 39FL1 and 39FL2

a. General. Bandpass filters 39FL1 and 39FL2 are identical and interchangeable
within the receiver rf head (fig. 2-99). Filter 39FL1, located in the receive
signal path between circulator 39A1HY1 and frequency converter 39A2, provides
preselective filtering of the receive signal by sufficiently rejecting transmitter
power leakage and transmitter (or external) spurious signals. Filter 39FL2, in the
local oscillator input path of frequency converter 39A2, provides filtering of the
local oscillator frequency that would otherwise generate spurious responses within
the receiver.

EL5RE106

Figure 2-106. Bandpass Filter 39FL3, Schematic Diagram.
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(1) Each bandpass filter consists of five tunable coaxial resonators ganged to
a common shaft and tunable over the frequency range by a single control. All five
resonators are positioned side by side within a common structure consisting of a
five-cavity, cast-aluminum housing and five plungers connected to a common tie bar.
The tie bar is motivated by two parallel spring-loaded leadscrews with anti-backlash
nuts. Two sets of bevel gears couple the leadscrews to a common drive shaft that
connects to controls on the front panel through a gear assembly. Filter 39FL1 is
connected to the RCVR SIG control, while filter 39FL2 is connected to the RCVR SIG
and the MULT PEAK controls.

(2) Internally, each resonator consists of a cavity and a centrally located
hollow conductor section with spring contact fingers. A small conductor (plunger)
slides through the conductor section and contact fingers, making good electrical
contact, and tunes the resonator. Coupling between each resonator is achieved by an
aperture with screws around the periphery to adjust the cross-sectional area.

(3) Electrical input and output connections to the bandpass filters are made
through coaxial connectors and an inductive/capacitive network coupling in each of
the end resonators (i.e. first and fifth cavities). Alinement of the resonators is
achieved by a series of adjustable screws which protrude through housing walls and
into each cavity. These screws act as adjustable capacitors and electrically match
the plunger position to the required frequency.

b. Detailed Circuit Analysis (Fig. 2-100). An input signal is received at
connector J1 and fed through an inductive loop and capacitor C1 to Z1, a
TEM-coaxial, quarter-wavelength resonator. Resonator Z1 is tuned by varying the
length of its inner conductor and is loaded by capacitive adjustment screws C2 and
C3 . The filtered signal is then fed to the following resonant circuit (Z2, C6,
C7), through an aperture coupling pretuned by adjustable capacitive screws C4 and
C5 . This signal path is continued through all resonant circuits to Z5,
accomplishing the necessary rejection. The signal is then coupled out to connector
J2 through an inductive loop and capacitor C8.

2-114. Electronic Frequency Converter 39A2 (Fig. 2-1071

a. General. Located in the receive signal path following bandpass filter 39FL1,
frequency converter 39A2 amplifies the rf signal of 1350 to 1849.5 MHz, mixes it
with the local oscillator signal of 1380 to 1879.5 MHz, and converts it to the in-
termediate frequency of 30 MHz, which is then fed to IF amplifier 39AR2. The local
oscillator signal is supplied by frequency multiplier 39A3 and received through
bandpass filter 39FL2.

(1) Frequency converter 39A2 consists of a detector and limiter circuit, a dc
amplifier and comparator, a low-noise rf amplifier, and an image-frequency rejection
mixer and associated hybrid coupler. The mixer is a microwave integrated circuit
packaged in a hermetically sealed enclosure, while the rf amplifier is assembled on
a printed circuit board and packaged in an enclosure similar to that of the mixer.
Limiter and detector circuitry, as well as the dc amplifier and comparator, are
packaged on a printed circuit board.

(2) All of
circuit board,
connectors, and
in an L-shaped,

the electronic components and circuitry are mounted on the printed
including the two rf hybrid microcircuits, a dc connector, two rf
two sheet-metal rf shields. The whole electronic assembly is fitted
cast-aluminum housing with top and bottom sheet-metal covers.
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b. Block Diagram Analysis (Fig. 2-108). The s ignal entering the rf input connec-
tor passes through a detector and protection circuit (limiter), which
self-energizes at signals exceeding +15 dBm and forms a low impedance path to
ground, thus protecting the hybrid amplifier from these high signals.
Simultaneously, the limiter provides a dc voltage that is fed to a dc amplifier and
comparator circuit which in turn operates a high signal alarm in the receiver fixed
head. The signal is also passed to a high-gain, low-noise amplifier where the rf
gain masks noise from the mixer stage. The amplified signal is then fed through a
low-pass filter, to ensure rejection of unwanted signals that may not have been
rejected by bandpass filter 39FL1, Signal from the low-pass filter, together with
the incoming local oscillator                                            

Fi
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EL5RE108

Figure 2-108. Electronic Frequency Converter 39A2, Block Diagram.

signal, is fed to an image-frequency rejection mixer consisting of two balanced mix-
ers with signals applied and combined in quadrature by directional couplers. The
mixer stage suppresses image-frequency noise from the rf amplifier and converts the
received signal to an intermediate frequency of 30 MHz which is then fed through the
output connector to the receiver fixed head.

Detailed Circuit Analysis.c. (Fig. 2-109). The incoming rf signal passes
through PIN diode CR1 and is applied to pin 6 of two-stage rf amplifier AR1
(through dc blocking capacitor C5), where it is amplified by approximately 30 db.
The amplified signal at pin 1 of mixer AZ is mixed with the incoming local
oscillator signal from connector J2, to produce the 30 MHz intermediate frequency
that appears in quadrature phase at mixer output pins 3 and 4. The applied local
oscillator signal level is monitored and rectified within mixer AZ, and the
resultant dc signal is fed through pin 7 for application as MULT DRIVER metering.

(1) The signals at pins 3 and 4 of mixer A2 are passed through matching net-
works L3A-C8 and L3B-C9 and applied to input pins 1 and 4 of 3 db quadrature coupler
A 1 Here, the converted receive signals are combined to appear on pin 2, and the
converted image signals are combined to appear on pin 3 for dissipation in R1O. The
30 MHz if signal from pin 2 is fed to output pin A1 of connector P1.

(2) When incoming signals exceed +10 dbm, they are rectified by CR2. Rectifi-
cation produces a dc voltage which biases PIN diode CR1 into conduction and presents
a short circuit to the high signals, thereby protecting the input stages of AR1 from
overload and burnout. Simultaneously, the dc voltage is fed through rf decoupling
elements C6, Z1, Z2, FL1, and limiting resistor R3, for application to dc amplifier
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Figure 2-109.
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and comparator A3. Resistors R1 and R2 provide the reference bias for A3, while R4,
R5 and R6 provide feedback that sets the amplifier loop gain. Decoupling of the +12
vdc and -12 vdc supply lines is provided by L1-C1-C3 and L2-C2-C4, respectively.

(3) The output signal from A3 is fed to the base of Q1 through current limiting
resistor R8 and decoupling components R7 and C7. Reverse biasing of the base-
emitter junction is prevented by CR3. When the voltage at pin 2 of A3 is more posi-
tive than at pin 3, the output from A3 turns off transistor Q1 and allows current
from the +12 vdc line through R9 to force transistor Q2 into heavy conduction. This
provides the necessary dc ground to operate the relay coil of the alarm unit in the
receiver fixed head. Diode CR4 suppresses transients when the alarm relay solenoid
operates.

2-115. Rf Amplifier 39AR1

a. General. Rf amplifier 39AR1 is situated in the local oscillator path of the
receiver and amplifies local oscillator signal from the receiver fixed head to a
level suitable for further frequency multiplication by frequency multiplier 39A3.
Amplifier 39AR1 consists of a single printed circuit board assembly mounted on a
simple cast-aluminum housing with a removable sheet-metal cover. Access holes are
provided on the sides of the housing for adjustment of components during alinement
of the unit.

b. Block Diagram Analysis (Fig. 2-110).
two-stage amplifier with a combination of ref

Amplifier 39AR1 consists basically of a
lective and dissipative matching net-

Figure 2-110. RF Amplifier 39AR1, Block Diagram.
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works to ensure gain flatness and stability. The input stage is operated in class A
while the output stage is operated in class B.

(1) Incoming local oscillator signal of 105 to 140 MHz is fed through an input
matching network, which includes a PIN diode attenuator. The diode is used for
level control purposes and is operated by an alc signal from frequency multiplier
39A3. The signal is then applied to the base of Q1, where it is amplified and
passed through an interstage matching network to Q2 for further amplificaiton to the
required output.

(2) A feedback circuit from the emitter bias circuit of Q2 to a PIN diode
attenuator in the interstage network limits current consumption of the output under
high drive or load mismatch. Sampling of the rf output voltage and metering are
provided by a peak-detecting rf monitor circuit.

c. Detailed Circuit Analysis (Fig. 2-110). Input signal of 105 to 140 MHz is fed
through pin A2 of connector P1 to input matching network circuits C1-L1, C5-L3 and
C9-L5. Fine adjustment of the matching network is provided by variable capacitors
C2, C4 and C7, while R4 is used to stabilize the input matching network. PIN diode
CR1 shunts the input signal through C8 to ground when biased into conduction by an
alc signal through pin 5 of connector PI. Resistors R2 and R3 provide the reference
bias for diode CR1, while R1, C3, C6 and L4 form decoupling elements.

(1) The first amplifier stage, Q1 , is a medium power rf transistor operating in
class A. Base biasing is provided by R5 and R6, decoupling by L6, C11 and C12, and
emitter biasing by R7 and C14. Inductor L7 tunes with the output capacitance of Q1
to form the first element of the interstage coupling network. Coupling components
C16, C20 and L8 match the output of Q1 to the base of Q2, with C17 providing fine
adjustment. The second stage amplifier, Q2, a high power transistor operating in
class B for high efficiency, further amplifies the signal to approximately 30 dbm (1
watt) . Resistors R1O, R11 and R12 reduce the bias offset on the base of Q2 to en-
sure class B operation, while L9, C21, C24 and C25 provide decoupling.

(2) The output of Q2 is matched ot the 50 ohm load through L11 and C28, with
C27 providing fine adjustment. Indicator L12 supplies the +12 vdc bias to the col-
lector of Q2, while C30 provides a dc block to the output connector and R13 ensures
rf stability under mismatch load conditions. Excessive current consumption by the
output stage under high drive conditions is prevented by network L1O-R9-C18-CR2.
PIN diode CR2 acts as an electronic attenuator to shunt the interstage signal to
ground when biased into conduction by the potential developed across R14. DC block-
ing is provided by C15, reverse biasing to PIN diode CR2 by R8 and CR3, and supply
line decoupling by L13, C19, C22, C13 and C25.

(3) The rf output voltage is sampled through R17 and C29, and then rectified by
CR5, to provide a dc metering signal. Excessive buildup of metering voltage, which
may occur during tuning, is limited by R15, R16 and CR4 (thus preventing full scale
deflection on the front panel meter), while C23 decouples the metering line. All dc
input and outputs pass through rf interference filters FL1 through FL5.

2-116. Frequency Multiplier 39A3 (Fig. 2-112)

a. General. Frequency multiplier 39A3 is located in the local oscillator signal
path of the receiver and multiplies the signal frequency from rf amplifier 39AR1 by
12 or 16 to provide the final local oscillator frequency to bandpass filter 39FL2.
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EL5RE112

Figure 2-112. Frequency Multiplier 39A3, Cross-Sectional View.

The multiplier consists of three subassemblies: Impedance matching network 39A3A1,
signal level monitor 39A3A2, and dc amplifier 39A3AR1. All three are mounted in a
cast-aluminum housing which incorporates a tunable coaxial cavity filter as an inte-
gral part of the casting. Cavity tuning is accomplished with a plunger connected to
a leadscrew. The leadscrew is connected externally, through speed decreaser gear
assembly 39A1MP1, to the MULT PEAK and RCVR SIG tuning mechanism of the receiver rf
head and is ganged to bandpass filter 39FL2.

b. Block Diagram Analysis. (Fig. 2-113)0 The output of rf amplifier 39AR1 (105
to 140 MHz) is fed through impedance matching network 39A3A1, which consists of an
equalizer stage and a matching stage. Frequencies in the lower part of the range
are attenauted by the equalizer, while those in the upper part of the range are
transmitted with no loss, to help maintain a more constant level of generated
harmonics from multiplier diode CR1. The 50 ohm input impedance is transformed by
the matching stage to match the impedance of CR1.

(1) Multiplier diode CR1 generates a series of harmonics of the applied signal
above and below 2000 MHz. The harmonics are applied to the tunable cavity resona-
tor, which selects either the 12th harmonic for all frequencies up to 1679.5 MHz, or
the 16th harmonic for all frequencies of 1680 MHz and higher. Coupling networks R1
and L1 match the source and load impedances to the cavity resonator and achieve the
correct loaded Q.
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(2) The selected signal is fed to signal monitor 39A3A2, where an attenuator
stage reduces signal level power to a level suitable for later application as a lo-
cal oscillator at the mixer stage. A low-pass filter suppresses high-order harmo-
nics that may have passed through the resonator filter.

(3) The amplitude of the multiplied signal is sampled and rectified by the mon-
itor stage and passed to dc amplifier 39A3AR1, where a comparison is made with a
reference signal preset to the correct output level. If the output is high and ex-
ceeds the reference signal, a control voltage is generated and applied to rf ampli-
fier 39AR1 to reduce the drive to the multiplier and restore the required output.

c. Detailed Circuit Analysis (Fig. 2-114). An input of 105 to 140 MHz is fed
from pin A1 of connector P1 to pin E1 on the printed circuit board of impedance
matching network 39A3A1. Resistors A1R1, A1R2 and A1R3 provide an attenuating
network for lower frequencies in the band, while A1C1-A1L2 and A1L1-A1C2 provide an
rf bypass for the higher frequencies. A low-pass matching network to match the
impedance of step recovery diode CR1 is provided by A1C3 through A1C7, A1L3 and
A1L4. Component A1RT1 acts as a temperature-variable bias resistor, and A1L5 tunes
with the capacitance of CR1 to maximize circulation of rf current through the
diode. Capacitor C1 acts as a dc block to prevent the bias from short-circuiting
through the tuned cavity resonator and ne+works. Input and output impedance is
matched to cavi-

EL5RE113

Figure 2-113. Frequency Multiplier 39A3, Block Diagram.
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ty resonator Z5 by R1 and L1. The selected frequency from the cavity resonator
(1380 to 1879.5 MHz) is fed to pin 1 on the microwave integrated circuit (MIC) case
of signal level monitor 39A3A2.

(1) The 1380 to 1879.5 MHz signal is fed through a 1 db attenuator in the MIC
of 39A3A2, and through a low-pass filter to output connector J1. Before the attenu-
ator is reached, input signal amplitude is sampled through a 10 db coupling, and the
result is fed to an rf detector diode. After passing through a protection and de-
coupling circuit, the detected dc voltage is fed from pins 2 and 3 on the MIC case,
through filters FL1 and FL2, to terminals E3 and E4 on dc amplifier circuit board
39A3AR1. The +12 vdc required to operate the dc amplifier is applied through pins 1
and 2 of connector P1 and fed to terminals E1 and E2 on the dc amplifier circuit
board.

(2) Microcircuit AR1A1 is an operational dc amplifier which provides a potenti-
al swing at output pin 6 when differing voltages are applied to input pins 2 and 3.
Amplifier feedback is accomplished through AR1R4, AR1R7 and AR1C2, which also set
the gain of the amplifier. Bias is provided to pin 2 of the amplifier by AR1R1 and
voltage reference diode AR1CR1, while decoupling is provided by AR1C1. A voltage
reference level to pin 3 of the amplifier is provided by AR1R2 and AR1R3, with AR1R2
set to ensure that alc maintains an output of approximately 10 Mv at connector A2J1.

(3) Signal level monitor 39A3A2 samples the detected dc voltage. When the vol-
tage creates a potential difference across AR1R5, it is applied to pin 3 of the am-
plifier, causing a potential swing at pin 6. The voltage difference is then fed to
rf amplifier 39AR1 through pin 5 of connector P1, thereby providing ale. If the
output is short-circuited, AR1R8 provides current limiting. Thermistor AR1RT1, in
the detected voltage line, provides temperature compensation for characteristic
changes in the MIC hot carrier diode. A load to the detected dc voltage circuits in
signal level monitor 39A3A2 is provided by AR1R6.

2-117. IF Amplifier 39AR2 (FO-4-54)

Intermediate frequency amplifier 39AR2 is identical with intermediate frequency
amplifier 33AR1/34AR1. Refer to paragraph 2-76 for the description of operation.
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CHAPTER 3

DIRECT SUPPORT MAINTENANCE

Section I. INTRODUCTION

3-1. General

. This chapter covers direct support maintenance for Radio Set
AN/GRC-103(V)1, Radio Set AN/GRC-103(V)2, Radio Set AN/GRC-103(V)3, and Radio Set
AN/GRC-103(V)4. It lists the tools and test equipment needed to completely
troubleshoot the radio set, trace faults to defective modules, and replace
defective modules. Removal and replacement procedures for modules not replaced at
the organizational level (TM 11-5820-540-12) are also included in this chapter.
The troubleshooting and fault location techniques in this chapter supplement the
operational check loop test procedure and troubleshooting charts of TM
11-5820-540-12. A loop test procedure that permits the radio set to be checked
when associated multiplex equipment is not available is provided in paragraph 3-4.

b. For Repair Parts and Special Tools List (RPSTL), refer to TM
11-5820-540-34P, Direct Support and General Support Maintenance Repair Parts and
Special Tools Lists (Including Depot Maintenance Repair Parts and Special Tools)
for Radio Set AN/GRC-103(V)1.

3-2. Test Equipment Required

The followinq test equipment, cables, connectors, and tools are required for
troubleshooting Radio Sets
AN/GRC-103(V)4.

a. Test Equipment

Attenuator

Attenuator

Converter,

Counter, 

Dummy Load,

Generator,

Generator,

Generator,

Generator,

Equipment

Fixed, 10dB, CN-

Fixed, 20dB, CN-

AN/GRC-103(V)1, AN/GRC-103(V)2, AN/GRC-103(V)3, and

Common Name Qty

1286/U . . . . . . .. . . 10dB Attenuator. . . .  . . 1

1287/U . . . . . . . . . 20dB Attenuator . . .  . . 1

Signal Frequency, CV-2500/GRC . .  . . Loop Test Set . . . . . . 1

Electronic Frequency, AN/USM-459. . Frequency Counter . .  . 1

Electrical, DA-437/U/GRC-103 . . .. . . Dummy Load . . . . .. . . . 1

Signal AN/USM-213 . . . . . .. . . . 

Signal SG-340A/U . . . . . . . . . 

Signal SG-1170/U . . . . . . . . . 

Signal Generator . . . . 1

Signal Generator .  . . . 1

Signal Generator . . . . . 1

Signal, SG-1171/U . . . . . . . . . Wide Range Oscillator. . . . . 1

Load, 91 ohms, ±2%, RF-239/U, P/O MK-1184 Kit . . . Load, 91 ohms .. . . . . . . 1
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Equipment Common Name Qty

Load, 51 ohms, _+2%, RF-240/U, P/O MK-1184 Kit . . . . . Load. 51 ohms . . .  . . . . . . 1

Meter, Modulation, ME-57A/U . . . . . . . . . . . .. Deviation Meter . . .  . . 1

Meter, Power, ME-441/U with Thermistor Mount  . . . . Power Meter . . . . .  . . 1
HP-478A Thermistor Mount  . . . . . . 1

Multimeter, Digital, AN/USM-486 . . . . . . . . . . Digital Multimeter . .  . . 1

Oscilloscope, Dual Trace, OS-261C(V)/1/U . . .  . . Oscilloscope . . . . . . . 1

Voltmeter, Electronic, ME-30A/U . . . . . . . . . . . VTVM . . . . . .  . . . . 1

Wattmeter, RF, AN/URM-120 . . . . . . . . . . . . . . . Wattmeter  . . . . . .  1

Wattmeter, RF, AN/USM-298 (Band IV only) . . . . . Wattmeter . . . . . . 1

Element, Wattmeter: Bird No. 10K, 1100-1800MHZ . . Element . . . . . . . 1

Element, Wattmeter: Bird No. 25K, 1100-1800MHZ . . .Element . . . . 1

Element, Wattmeter: Bird No. 433-103, 50 Watt , . . Element .  . . 1
modified, 1350-1850MHZ

Voltmeter, RF, ME-426/U . . . .. . . . . . . . . . .. RF Voltmeter . . . 1

(1) Connectors, p/o Maintenance Kit MK-1184/GRC.

Description

Adapter-Connector

Adapter-Connector

Adapter-Connector

Adapter-Connector

Adapter-Connector

Adapter-Connector

Adapter-Connector

UG-29B/U (N (Female) to N (Female) ) . . . . . . . . . . . . . . . . . 3

UG-201A/U (BNC (Female) to N (Male) ) . . . . . . . . . . . . . . . 2

UG-274/U (BNC "T",

UG-491A/U (BNC (Male)

UG-564A/U (C (Female)

UG-565A/U (C (Male) 

2 Female, 1 Male) . . . . . . . . . . . . . . 2

to BNC (Male) ) . . . . . . . . . . . . . . 1

to N (Male))  . . . . . .. . . . . . . . 1

to N (Female))  . . . . . . . . . . . .. 2

UG-636A/U (BNC (Female) to C (Male) ) . .. . . . . . . . . . 1

(2) Additional connectors required.

Description

Adapter-Connector, UG-914/U (BNC (Female)

Adapter-Connector, 0S-20200-2 (OSM “T”, 2

top BNC (Female)) . . . . . . . . . . 1

Female and 1 Male) . . . . .  . . . . . 1
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Description Qty

Adapter-Connector, OS-

Adapter-Connector, OS-

Adapter-Connector, OS-

21010 (OSM (Female) to N (Female) ) . . . . . . . . .. . . . . 2

21030 (OSM (Male) to N (Female) ) . . . . . . . . . . .  . . . . 2

21020 (OSM (Female) to N (Male) ) . . . . . . . . . . . . . . . . . . 2

c. General Purpose Cable Assemblies..

(1) Cable Assemblies, P/O Maintenance Kit MK-1184/GRC.

Type No.

CG-3578/U . . . . . . . Male

CG-3579/U  . . .  . . . Male

CG-3580/U . . . . . . . . Female

Connector Types Qty

microminiature to female BNC . . . . . . . ....1

microminiature to male BNC. . . . . . . . . . .  1

microminiature to female BNC . . . . . . . . . . . . . . 1

CG-3581/U. . . . . . . . Female microminiature to female BNC . . . . .  . . . 1

CG-409H/U. . . . . . . . . Male BNC to male BNC . . .  . .  . , . . . . .   .   . 3

CG-1883/U. . . . . . . . . Male to male N. . . . . . . . . . . . . . 1

(2) Additional General Purpose Cable Assemblies.

Type No.

CG-3568/U . . . . . . 

CG-3573/U . . . .. . . 

CG-3570/U.....

Connector Types Qty

Male N to Male N, 2 feet  . . . . . . . . . . . . . 1

Male OSM to Male OSM, 4.8 inches . . . .. . . . . . .
. 2

Male BNC to Female electrical contact, Cannon No ..  .. 1
DM53740-5001

CG-3444/U . . . . . . . Male C to Male C, 1.5 feet . . . . . . . . . .  . . . . . . . . .  1

CG-3444/U    . . . . . . Male C to Male C, 3.5 feet . . . . .  . . . .  . . . 2

CG-3569/U . . . . . . . . Male C to Male N, 2 feet . . . . . . . . .  . . . . . 1

d. Special Purpose Cable Assemblies,

(1) Cable Assemblies, P/O Maintenance Kit MK-1184/GRC.

Type No. Connects Qty

CX-12092/U  . . . . . . . Radio transmitter 5TR1 to transmitter case 5A2 . . . . . . 1

CX-12093/U . . . . . . . .  Radio transmitter 5TR1 to transmitter case 5A2 . . . . . . . 1

CX-12094/U . . . . . . Transmitter RF head to transmitter case 5A2 . . .. . . 1
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Type No.

CX-12095/U . . . . . .Rad

CX-12096/U . . . . . .Rad

Connects

io receiver 1RE1 to receiver case

io receiver 1RE1 to receiver case

Qty

1A2 . . . . . . . . . . 1

1A2 . . . . . . . . 4
and/or

Video amplifier 1RE1AR1 to radio receiver 1RE1
and/or

Pulse form restorer 1RE1A3 to radio receiver 1RE1
and/or

Amplifier-monitor 5TR1A5 to radio receiver 1RE1

CX-12097/U . . . . . .  Receiver RF head to receiver case 

CX-12098/U . . . . .  . Power supply 1RE1PS1 to radio recei
and/or

Control-indicator 6A2, 37A2, 38A2,
RF head

and/or
Control-indicator 2A2, 33A4, 34A4,
head

1A2 . . . .  . . . . . 1

ver 1RE1 . . . . . . . . . . 3

or 40A4 to transmitter

or 39A4 to receiver RF

CX-12099/U . . . . .  . Electrical frequency limiter-discriminator 1RE1A4 to . .  . . 1
video amplifier 1RE1AR1

CX-12100/U . . . . . . . Electrical frequency synthes
receiver 1RE1

and/or
Electrical frequency synthes

transmitter 5TR1

izer 1RE1A2 to radio . . . . . . . 2

izer 5TR1A2 to radio . . . . . . . . 1

CX-12101/U . . . . .  . Power Supply 5TR1PS1 to transmitter case 5A2 . .  . . . . . . 1

CX-12102/U . . . .  .  Amplifier assembly 9A4 to distribution panel 9A1 . . . . . . 2
and/or

Telephone signal converter 9A3 to distribution panel
9A1

CX-12103/U . . . . . . Alarm control 5TTR1A3 to radio transmitter 5TR1 . .  . . . 1

(2) Additional Special Purpose Cable Assemblies.

Type No.

CMC 217-800000-000. If ampl
discr

e. Special Tools .

Item

Connects Qty

ifier 1RE1AR2 to eletrcial frequency limiter- . . . . . . . 1
iminator 1RE1A4 (Fabricated Figure 3-7)

Wrench socket 1/2-inch drive,
Handle, 9-inch

National Stock Number

7/8-inch head 5120-00-243-7342
5120-00-230-6385

Qty

1
1
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FABRICATE SPECIAL PURPOSE CABLE 217-800000-00

EL5RE350
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Section II. TROUBLESHOOTING

3-3. General

a. This section contains the systematic troubleshooting procedure required to
sectionalize a fault in the radio set and to trace the fault to the defective
module or part. Front panel indications may help in locating faults without the
use of test equipment. Operational tests frequently indicate the general location
of trouble and in many instances help in determining the nature of the fault. The
operational check, loop testing procedure, and the troubelshooting charts contained
in TM 11-5820-540-12 are suitable starting points. The modified loop test
procedure (para 3-4), troubleshooting charts (paras 3-5 through 3-43), and signal
substitution procedures enable direct support personnel quickly to localize the
faulty module. Replacement of one or more suspected defective modules may be a
quick and effective method of repairing a radio set in emergency conditions.

b. For Repair Parts and Special Tools List (RPSTL), refer to TM
11-5820-540-34P, Direct Support and General Support Maintenance Repair Parts and
Special Tools Lists (Including Depot Maintenance Repair Parts and Special Tools)
for Radio Set AN/GRC-103(V)l.

3-4. Loop Test Procedure

The purpose of this procedure is to sectionalize faults in the radio set,
using the loop test procedure and troubleshooting charts in chapter 6 of TM
11-5820-540-12, but using a test signal of known amplitude instead of a test signal
from the associated multiplex equipment.

a. Equipment Required.

Equipment

Generator, Signal SG-1171/U
Oscilloscope, Dual Trace OS-261C(V)l/U
Converter, Signal Frequency, Electronic CV-2500/GRC
Dummy Load, Electrical DA-437/U/GRC-103
Cable Assembly, Radio Frequency CG-409H/U (4.5 ft)

(2 required)
Connector, Adapter UG-274/U

Common Name

Wide range oscillator
Oscilloscope
Loop test set
Dummy load

b. Connections and Test Procedures

(1) Set up the loop test as shown in figure 6-3, TM 11-5820-540-12.

(2) Connect the output of the wide range oscillator to the VIDEO
connector at the rear of the transmitter case and to the oscilloscope
using two CG-409H/U (4.5 ft) cables and the UG-274A/U.

(3) Set the frequency of the wide range oscillator to 10 kHz and adjust
the amplitude of the output signal to 2 volts peak-to-peak as
measured on the oscilloscope.
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(4) Proceed with the loop test procedure and troubleshooting charts as describ-
ed in chapter 6 of TM 11-5820-540-12, supplemented by the troubleshooting
charts in paragraphs 3-5 through 3-7 in this manual.

(5) If the fault cannot be sectionalized using the loop test procedure and
troubleshooting charts, proceed to isolate the fault by signal substitution
or fault locating procedures described in paragraphs 3-8 through 3-43.

3-5. Transmitter Troubleshooting

CAUTION

The transmitter rf head when extended must be air-
cooled during tests; a cooling fan must be pointed
toward the power amplifier tubes at all times. If a
cooling fan is not available the transmitter rf head
must not be operated for longer than 5 minute periods.
Another alternative is to place the transmitter rf
head back into the transmitter case while trouble-
shooting radio transmitter 5TR1.

a. General. For effective troubleshooting of the transmitter, remove the
transmitter rf head and radio transmitter 5TR1 from the transmitter case. Remove
the transmitter rf head dust cover. Connect the transmitter rf head to the
transmitter case using CX-12094/U extender cable and connect radio transmitter 5TR1
to the transmitter case using CX-12092/U and CX-12093/U extender cables. Connect
the transmitter to a 115 volt, 47 to 420 Hz source and proceed to troubleshoot the
transmitter.

CAUTION 

The transmitter rf head PWR OUT connector must be con-
nected to the dummy load, during troubleshooting.
Damage to the equipment will result if this is not
done.

NOTE

There are three models of Amplifier-Frequency Multi-
plier distinguishable by nomenclatures AM-4320/GRC-
103(V), AM-4320A/GRC-103(V) and AM-4320B/GRC-103(V).
Unless otherwise indicated this paragraph refers to
all units.

NOTE

On Transmitter Radio T-983B(P)/GRC-103(V) the centri-
fugal fan does not start instantaneously if the unit
is at room temperature (25°C). Allow a few minutes
warm up time. At very cold temperatures, or if unit
is already warmed up, the fan should start when AC
POWER switch is set to ON/RESET.
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b. Transmitter Troubleshooting Chart.

Symptom

1. When AC POWER switch
is set to ON/RESET,
centrifugal fan does
not start, AC POWER
AND LOW POWER lamps
do not light, buzzer
does not sound.

2. 28V and 12V metering
reads negative, all
other metering zero.
LOW POWER and SYNC
lamps light.

3. 12V metering reads
negative, 28V full
scale, 600 V high,
DRIVER normal, all
other metering zero.
LOW POWER and SYNC
lamps light.

4. All metering reads
zero, all lamps are
inoperative, centri-
fugal fan operates.

5. 28V normal or zero,
12V normal, DOUBLER,
MULT, DRIVER and PWR
OUT low, OSC high.
LOW POWER and SYNC
lamps light.

6. When AC POWER switch
is set to ON/RESET
centrifugal fan does
not start; AC POWER,
LOW POWER, and OVER-
HEAT lamps light;
buzzer sounds.

Probable cause

a. Defective power supply
5TR1PS1.

b. Defective switch 5TR1-
A1CB1 (fig. 3-3).

Short circuit.

Short circuit.

Short circuit.

Open circuit.

a. Defective centrifugal
fan 5A2B1.

Checks and
corrective measures

a. Check for 115 v ac at
connector J3 (5TR1PS-
1P1) pins 6 and 7 (para
3-8) . If voltage is
present, replace 5TR1-
PS1 (para 3-50).

b. If voltage not present (a
above”), check for 115 v
ac at switch LINE and
LOAD terminals. If in-
dications are normal
make wiring continuity
checks.

Check for short on 28 v sup-
ply line.

Check for short on 12 v sup-
ply line.

Check for short on 26 v sup-
ply line.

Check for open 28 v supply
line.

a. Check for 140 vac at
connector J5 (5A2B1P1).
pins 1 and 2, in trans-
mitter case. If vol-
tage is present replace
5A2B1 (section X).
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Symptom

6. Continued.

7. When AC POWER switch
is set to ON/RESET,
centrifugal fan does
not start. OVERHEAT
lamp is not on.
Buzzer may or may
not sound. A l l
other indications
normal.

8. Buzzer does not sound
when an alarm lamp
lights or goes out.

Probable cause

b. Defective power supply
5TR1PS1.

a. Defective OVERHEAT
lamp 5TR1A2A2DS4.

b. Defective pressure
differential monitor
5A2A2.

a. Defective buzzer 5TR1-
A1DS5 (fig. 3-3).

b. Defective switch 5TR1-
A1S2 (fig. 3-3).

Checks and
corrective measures

b. (1) Check for 140 vac at
power supply filter
terminals FL5 and
FL6 of 5TR1PS1
(fig. 3-2). If no
voltage is present
replace 5TR1PS1
(para 3-50).

(2) If voltage is present
at FL5 and FL6 of
5TR1PS1 but not at
pins 1 and 2 of
connector J5 (5A2B-
1P1) in the trans-
mitter case discon-
nect 115 vac power
source and check
for continuity be-
tween these two
points.

a. Replace indicator lamp
5TR1A2A2A2DS4.

b. Replace 5A2A2 (section
x).

a. Check for +26 vdc at
buzzer terminals. If
voltage is present re-
place the buzzer (para
3-52) .

b. If voltage is not present
at buzzer terminals
disconnect 115 vac pow-
er source and check for
continuity from the
buzzer negative termi-
nal to pin 5 of connec-
tor J3 (5TR1PS1P1) and
from the buzzer posi-
tive terminal to pin 4
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b. Transmitter. Troubleshooting Chart - Continued. . l

Symptom

8. Continued.

9, OVERHEAT lamp does not
go off within 10
seconds after AC
POWER switch is set
to ON/RESET.

10. AC POWER switch set
to ON/RESET at room
temperature centri-
fugal fan operates
full speed (Case
CY-4637A only).

11. SYNC light does not
go out within 10
seconds after AC
POWER switch is set
to ON/RESET.

Probable cause

c. Defecti
trol
3-3)

a. Defecti

ve alarm con-
5TR1A1A2 (fig.

ve pressure
differential monitor
5A2A2 .

b. Defective wiring.

Defective control
monitor temperature
sensor 5A2A2.

a. Defective synthesizer
5TR1A2.

b. Defective power supply
5TR1PS1.

Checks and
corrective measures

of 5TR1A1J3. If con-
tinuity is broken
because of 5TR1A1S2,
higher category mainte-
nance is required.

c. If continuity is broken
because of 5TR1A1A2,
replace 5TR1A1A2 board
(para 3-51).

a. Replace 5A2A2 (section
x).

b. If other than zero, re-
sistance may exist
between 6AR1A1FL1 and
ground (FO-4-43).

Check sensor connections.
If connections are not
defective, replace 5A2A2
(section X).

a. Extend the synthesizer
(para 3-10) and check
for 12 v, 26 v and 28 v
at J1 (X5TR1A2P2) (fig.
3-3). If normal indi-
cations are obtained
replace synthesizer 5T-
R1A2 (para 3-48).

b. If indications in a above
are abnormal, check 5T-
R1PS1 (para 3-8). If
abnormal indications
are obtained replace
5TR1PS1 (para 3-50).
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b.  Transmitter Troubleshooting Chart - Continued

Symptom

12. DRIVER metering
greater than 100%
(Transmitter equip-
ped with Amplifier-
Frequency Multiplier
AM-4320/GRC-103(V).

13. LOW POWER light does
not go out within 60
seconds after AC
POWER switch is set
to ON/RESET. PWR
OUT position reads
low.

14. LOW POWER light does
not go out within
60 seconds after AC
POWER switch is set
to ON/RESET. PWR OUT
position reads low,
DRIVER position
reads high.

Probable cause

c. Defective wiring.

Loss of control voltage
to rf power level con-
trol 6A5.

a. Defective power moni-
tor 6AR1A3.

b. Defective low pass
filter 6AR1A2FL1
(para 3-20).

c. Defective amplifier
subassembly 6AR1A1
(para 3-18).

No OUTPUT CATHODE regula-
tion.

Checks and
corrective measures

c. If abnormal indi
are obtained
check the wiri
tween 5TR1PS1

cations
in b above
ng be-
and J2

(X5TR1A22P2) F0-4-43).

Voltage at 6A4FL1 (fig. 3-6)
should be between 7.2 and
9.5 volts (para 3-16). If
normal or high replace 6A5
(para 3-57). If zero,
check wiring (FO-4-43).

a. Measure power at P2 (6AR-
1A3J1) (fig. 3-14). If
normal (para 3-20),
check 6AR1A3 (para 3-
21).

b. If power indication at P2
(6AR1A3J1) is abnormal,
(a above), measure the
power at 6AR1A1J2 (fig.
3-6) . If normal, (para
3-18) higher category
of maintenance is
required.

c. If abnormal indication is
obtained in b above
measure the power at
6AR1A2A4J2 (fig. 3-6)
(not less than 3.5
watts). If normal,
higher category mainte-
nance is required.

Remove radio transmitter
5TR1 and measure the re-
sistance from pin 30 of
connector J8 (X5TR1A1A1P3)
(transmitter case) to
ground (approximately 14
ohms). If normal, replace
5TR1PS1 (para 3-50). If
abnormal check 6AR1A2A2
(para 3-19).
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b. Transmitter Troubleshooting Chart - Continued.

Symptom

15. LOW POWER light does
go out within 60
seconds after AC
POWER switch is set
to ON/RESET. PWR
OUT position reads
low, DRIVER position
reads low.

Probable cause

a. Defective OUTPUT
CATHODE/OUTPUT
HEATER circuit.

b. Defective filter
assembly 6AR1A2A4.

c. No DRIVER CATHODE
regulation.

d. Defective DRIVER
CATHODE/DRIVER
HEATER circuit.

e. Defective amplifier
subassembly 6AR1A1.

Checks and
corrective measures

a. Measure the power at 6AR-
1A2A4J2 (fig. 3-6). If
normal (not less than
3.5 watts) check the
voltage at TP1 and TP2
of 6AR1A2A2 (fig. 3-
13). If normal (para
3-19) disconnect the
transmitter rf head and
measure resistance be-
tween TP1 and TP2 of
6AR1A2A2 (should be 1.5
ohm approximately).

b. If voltage at TP1 and TP2
is abnormal check the
OUTPUT HEATER/OUTPUT
CATHODE circuit of 5TR-
1PS1 (para 3-8).

c. If 5TR1PS1 check is nor-
mal, check continuity
of OUTPUT HEATER/OUTPUT
CATHODE wiring between
5TR1PS1 and 5TR1A1P3
(FO-4-43).

d. If the power at 6AR1A-
2A4J2 is abnormal mea-
sure the power at P1
(6AR1A2A4J3). If nor-
mal, (not less
watts), higher
of maintenance
quired.

e. Remove the radio

than 3.5
category
is re-

trans-
mitter from the case
and measure the resis-
tance from pin 29 of
connector J8 (X5TR1-
A1A1P3) to ground (36
ohms approximately). If
normal replace 5TR1PS1
(para 3-50). If abnor-
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h.
.Transmitter Troubleshooting Chart - Continued.

Symptom

15. Continued.

Probable cause

f. Defective filter
assembly 6AR1A2A4.

g. Defective rf power
level control 6A5.
Transmitter equipped
with Amplifier-
Frequency Multiplied
AM-4320/GRC-103(V).

Checks and
corrective measures

mal check 6AR1A2A2
(para 3-19). Check
6AR1A1C5/C11 (para 4-
20 TM 11-5820-540-40).

f. Measure the power at
6AR1A2A4J4 (para 3-17).
If normal, check the
voltage across TP3(-)
and TP4(+) of 6AR1A2A2.
It should be +5.8 v
±0.5 vdc (fig. 3-13).
If normal, remove the
transmitter rf head and
measure the resistance
at TP3 and TP4 of 6AR1-
A2A2 (1.5 ohms approxi-
mately). If voltage at
TP3 and TP4 is abnor-
mal, check the DRIVER
HEATER/DRIVER CATHODE
circuit of 5TR1PS1
(para 3-8). if 5TR1PS1
check is normal, check
the continuity of the
OUTPUT HEATER/OUTPUT
CATHODE wiring between
5TR1PS1 and transmitter
rf head (FO-4-43).

g. If the DRIVER CATHODE/
DRIVER HEATER circuit
is normal higher cate-
gory maintenance is re-
quired.

h. If the power at 6AR1A-
2AJ4 is abnormal mea-
sure the power at P2
(6AR1A2A4J1). If it is
normal (+23 dbm mini-
mum), higher category
maintenance is requir-
ed.
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b.
.  Troubleshooting Chart - Continued.Transmitter

Symptom Probable cause

15. Continued.

16. At channel 180 and
above or channel
179 and below LOW
POWER light does
not go out within
60 seconds after AC
POWER switch is set
to ON/RESET. PWR
CUT position reads
low, DRIVER posi-
tion reads low, and
MULT position reads
low.

17. Same as 14 above but
at all channels.

18. LOW POWER light does
not go out within
60 seconds after AC
POWER switch is set
to ON/RESET. DRIVER
position reads low,
MULT position reads
low, DOUBLER posi
tion reads low.

a. Defective frequency
multiplier assembly
6A2 .

b. Defective wiring.

a. Defective wiring.

b. Defective amplifier-
frequency multiplier
5TR1A4 .

a. Defective amplifier-
frequency multiplier
5TR1A4 .

b. Defective wiring.

Checks and
corrective measures

i. If power at P2 (6AR2A2-
A4J1) is abnormal mea-
sure the power at 6A1J6
(+26.4 dbm minimum).
If normal, replace 6A5
(para 3-571.

a. Check the output of 6A2
(para 3-15).

b. Check voltages at 6W1J1
(para 3-14).

a. Measure power at P2 (XA-
1J5) (fig. 3-6) 2.5
watts minimum (para 3-
11). If abnormal,
check for continuity
from P2 (XA1J5) to pin
AZ of J11 (X5TR1A4P1)
(FO-4-43).

b. If power indication at P2
in a above is normal,
replace 5TR1A4 (para
3-49) .

a. Measure the power at pin
A1 of J11 (X5TR1A4P1)
(para 3-10). If it is
normal, check 5TR1A4
(para 3-11).

b. Check for +28 v at pin 1
of J11 (X5TR1A4P1).
Check for ground at pin
17 of J11 (X5TR1A4P1)
with the transmitter rf
head connected.
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b. Transmitter. .Troubleshooting Chart - Continued.

Symptom

19. LOW POWER light does
not go out within
60 seconds after AC
POWER switch is set
ON/RESET. DRIVER
position reads low,
MULT position reads
low, DOUBLER posi-
tion reads low, OSC
position reads low.

20. SYNC alarm does not
go out within 10
seconds after AC
POWER switch is set
to ON/RESET.

21. When AC POWER switch
is set to ON/RESET,
buzzer and centri-
fugal fan operate,
LOW POWER and SYNC
alarm lights come
on, DRIVER metering
is low, all other
metering reads zero.

22. No communication.
Metering and LOW
POWER and SYNC
alarms may or may
not indicate norms .

Probable cause

a. Defective electrical
frequency synthesi-
zer 5TR1A2.

b. Defective wiring.

a. Defective synthesizer
5TR1A2.

b. Defective power supply
5TR1PS1.

Defective power supply
5TR1PS1.

Synthesizer is off fre-
quency due to -

a. Defective synthesizer
5TR1A2 .

b. Defective wiring.

Checks and
corrective measures

a. Check synthesizer 5TR1A2
(para 3-10).

b. Check inputs to 5TR1A2 at
J1 (X5TR1A2P2) (FO-4-
43) pin 1 +28 vdc pin 3
0 v pin 2 +12 vdc pin
37 +28 vdc. 

a. Check synthesizer 5TR1A2
(para 3-10).

b. Check power supply 5TR1-
PS1 (para 3-8).

Check voltage regulator amp-
lifier 5TR1PS1AR1 of
power supply 5TR1PS1
(para 3-8).

a.

b.

Check synthesizer (para
3-10).

Check wiring from control-
indicator 6A3 to the
synthesizer (FO-4-43).
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3-6. Receiver Troubleshooting

a. General. For effective troubleshooting of the receiver, remove the receiver
rf head and radio receiver 1RE1 from the receiver case. Remove the receiver rf head
dust cover. Connect the receiver rf head to the receiver case using CX-12097/U
extender cable. Connect the radio receiver to the receiver case using CX-12095/U and
CX-12096/U extender cables. Connect the receiver to a 115 volt, 47 to 420 Hz source
and proceed to troubleshoot the receiver.

NOTE

There are two models of Amplifier-Converter distinguishable
by nomenclatures AM-4316/GRC-103(V) and AM-4316A/GRC-103(V).
Unless otherwise indicated, reference is to both units.

b. Receiver Troubleshooting Chart .

Symptom

1. With AC POWER switch
set to ON, there are
no meter indications
and no alarms.

2. Buzzer does not sound
when any alarm lamp
lights or goes out.

3. AC POWER switch will
not stay on.

4. LOW SIGNAL alarm is
on; RCVR SIG meter-
ing reads low.

3-16

Probable cause

Defective switch
1RE1A1CB1.

a. Defective buzzer
1RE1A1DS5.

b. Defective alarm
control 1RE1A1A2
(fig. 3-37).

Short circuit.

a. Defective power
monitor 2A1A5.

Checks and
corrective measures

Check for 115 vac at switch
LINE and LOAD terminals
(fig. 3-40). If switch is
normal, make wiring conti-
nuity checks (FO-4-28).

a. Check for 26 vdc at buzzer
terminals (fig. 3-37).
If voltage is present
replace buzzer (para 3-
60). If voltage is not
present, make wiring
continuity checks (FO-
4-28) .

b. If continuity is broken
because of 1RE1A1A2 re-
place 1RE1A1A2 (para 3-
61).

Make resistance checks on
-12 vdc, +12 vdc and +26
vdc lines to isolate
short.

a. Inject a signal at -65
dbm at the receiver
frequency into 2AlA-
1Z14J1 (fig. 3-18). If
the alarm clears re-
place 2A1A5 (para 3-
64).



b. Receiver Troubleshooting Chart - Continued
. .
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Symptom

4. Continued.

Probable cause

b. Defective duplexer
2A1A1 .

c. Defective wiring. c.

d. Defective low pass
filter 2A1A1FL1.

e. Defective radio fre-
quency amplifier
2A1AR1. 

Checks and
corrective measures

b. If the alarm condition
remains, inject the
signal into P3 (2A1A-
1A1J2) (fig. 3-20).
If alarm clears,
higher category of
maintenance is re-
quired.

If the alarm condition
remains, inject the
signal into 2A1A1FL1J1
(fig. 3-20). If the
alarm clears, check
voltages at pins 1, 2,
and 3 on J5 (XPS1P1)
(under power supply
2PS1). Pin 1(+) to pin
2(-) +12 vdc. Pin 2(+)
to pin 3(-) -12 vdc.

d. If the alarm condition
remains, inject the
signal into P1 (2A1A1F-
L1J2) (fig. 3-20). If
the alarm clears re-
place low pass filter
2A1A1FL1, (para 3-67).

e. If the alarm condition
remains, inject signal
into P1 (2A1AR1J2)
(fig. 3-18). If the
alarm clears, check the
voltages at pins 1, 2,
and 3 on connector J1
(X2A1AR1P2). Voltages
should be as in c
above. If voltages at
J1 (X2A1AR1P2) are nor-
mal, replace radio fre-
quency amplifier 2A1-
AR1 (para 3-63).
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b. Receiver Troublesshooting Chart - Continued .

Symptom Probable cause

4. Continued.

5. LOW SI
RCVR
low;
low.

GNAL alarm,
SIG reading
MULT reading

f. Defective bandpass
filter assembly
2A1A2A3.

g. Defective frequency
mixer stage
2A1A2A2.

h. Defective wiring.

a. Defective  wiring

Checks and
corrective measures

f. If the alarm condition
remains, remove fre-
quency mixer stage 2A1-
A2A2 and inject the
signal into connector
P2 to 2A1A2A2; connect
connector P3 of 2A1A2A2
to J2 (X2A1A2A2P3). If
the alarm clears, high-
er category maintenance
is required.

9“ If the alarm condition
remains, inject a 30
MHz signal at -35 dbm
into P1 (XA1A2A2J2).
If alarm clears replace
2A1A2A2 (para 3-66).

h. If the alarm condition
remains, inject the
signal into PI (XA1-
W3J4) (fig. 3-20). If
the alarm clears, check
voltage between pin
1(+) and pin 3(-) of
connector J1 of 2A1A-
2AR1. It should be -12
vdc. If the alarm con-
dition remains the fault
will be in the remaining
module interconnections
(FO-4-28). Check the
continuity of signal
path to 1RE1AR1. If
normal, check voltages
at pins 1, 2 and 3 on
1RE1A1J2. Voltages
should be as under c
above.

a. Measure power at plug P2
(fig. 3-20) (minimum of
+12.5 dBm). If abnormal
check wiring between
plug P2 or connector
2A1A3 and pin A1 of
1RE1A1A1J3.
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b. Receiver Troubleshooting Chart --Continued
.

Symptom

6. SYNC alarm and/or LOW
SIGNAL alarm, RCVR
SIG reading low,
MULT reading low,
OSC reading low.

70 LOW SIGNAL alarm,
RCVR SIG reading
low.

Probable cause

b. Defective bandpass
filter 2A1A2A3/
frequency multi-
plexer 2A1A2A1
combination.

Defective synthesizer
1RE1A2.

Local oscillator frequen-
cy off due to -

a. Defective synthesizer
1RE1A2.

b. Defective wiring.

Checks and
corrective measures

b. If power at P2 is normal
(a above) measure the
power at J1 (P/O 2A1A2-
A3) (para 3-33). If
abnormal, higher
category of mainte-
nance is required.

Check supply voltages at J3
(1RE1A2P2). If normal,
change synthesizer 1RE1A2
(para 3-59). If abnormal,
check wiring (FO-4-28).

a. Check synthesizer (para
3-33) 

b. Check wiring from control-
indicator 2A2 to J3
(1RE1A2P2) (FO-4-28).

3-7. Order Wire Troubleshooting

a. GeneraL . To troubleshoot this unit, first remove monitor panel 9A2 (front
panel); loosen the four green circled screws that secure the front panel to the
order wire case and pull the front panel away from the case (fig. 3-49). Repeat the
above procedure to remove distribution panel 9A1 (rear panel) from the case (fig.
3-49) . The printed circuit boards remain connected to the rear panel.

The complete radio set is
the order wire equipment.
or may not be connected.

NOTE

requi
The

red for troubleshooting
multiplex equipment may
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b. Qrder Wire Troubleshooting Chart

Symptom

1. Power lamp does not
light when receiver
AC POWER switch is
set to ON.

2. CALL lamp does not
light, buzzer
sounds; receiver
meter indication is
normal with switch
at OW.

3. CALL lamp lights;
buzzer does not
sound; receiver
meter indication is
normal with switch
at OW.

4. 1600 Hz signaling
tone is not heard
in handset receiver
when the RING button

3-20

is pressed. No
voice communication.

Probable cause

Defective relay 9A1K1
(fig. 3-49).

a. Defective wiring.

b. Defective switch 9A2S2
(fig. 3-49) .

a. Defective wiring

b. Defective switch 9A2S2
(fig. 3-49).

a. Defective handset.

b. Defective relay 9A1K2
(fig. 3-49).

Checks and
corrective measures

Check for 26 vdc across the
relay coil. if not pre-
sent, check wiring be-
tween relay and 1RE1PS1
(FO-4-28 and FO-4-78).
If voltage present,
check that relay is op-
erated. If not operated,
higher category of main-
tenance is required. If
relay is operated, check
the wiring between the
relay and POWER lamp
(FO-4-78).

a. Check wiring between pins
5 and 6 of 9A2J2 (FO-
4-78) .

b. If normal indication is
obtained in a above,
higher category of
maintenance is re-
quired.

a. Check wiring between pins
5 and 3 9A2J2 (FO-4-
78).

b. If normal indication is
obtained in a above,
higher category of
maintenance is re-
quired.

a. Measure the resistance
between pin of 9A1J4
(FO-4-78) and ground.
If other than 25 ohms,
replace the handset.

b. Check for 26 v across the
relay coil. If not
present, check the wir-
ing between the relay
and 1RE1PS1 (FO-4-28
and FO-4-78). If vol-
tage is present, check
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bl. Order Wire Troubleshooting Chart - Continued .

Symptom

5 . 1 6 0 0  H z  s i g n a l i n g
t o n e  i s  n o t  h e a r d  i n
t h e  h a n d s e t  r e c e i v e r
w h e n  t h e  R I N G  b u t t o n
i s  p r e s s e d . V o i c e
c o m m u n i c a t i o n  i s
normal .

6 . CALL lamp does not
l i g h t  a n d  b u z z e r
does not  sound when
t h e  d i s t a n t  s t a t i o n
R I N G  b u t t o n  i s  p r e s -
s e d . R e c e i v e r  m e t e r
i n d i c a t i o n  i s  n o r m a l
w i t h  s w i t c h  a t  O W .
Vo i ce  commun i ca t i on
i s  n o r m a l .

3 - 8 . P o w e r  S u p p l y  5 T R 1 P 1

P r o b a b l e  c a u s e

c .  D e f e c t i v e  a m p l i f i e r
a s s e m b l y  9 A 4  o r
t e l e p h o n e  s i g n a l
c o n v e r t e r  9 A 3 .

D e f e c t i v e  s w i t c h  9 A 2 S 1
( f i g . 3-49)  .

D e f e c t i v e  w i r i n g .

T e s t  E q u i p m e n t  R e q u i r e d.
a .

Checks and
c o r r e c t i v e  m e a s u r e s

t h a t  t h e  r e l a y  i s  o p e r -
a t e d . I f  n o t  o p e r a t e d ,
h i g h e r  c a t e g o r y  o f
m a i n t e n a n c e  i s  r e q u i r -
e d . I f  r e l a y  i s  o p e r -
a t e d  c h e c k  i n t e r u n i t
w i r i n g  ( F O - 4 - 7 8 ) .

c .  C h e c k  p e r  p a r a  3 - 4 3  f o r
t e s t  p r o c e d u r e s .  I f
a b n o r m a l  i n d i c a t i o n s
a r e  o b t a i n e d ,  h i g h e r
c a t e g o r y  o f  m a i n t e n a n c e
i s  r e q u i r e d .

C h e c k  s w i t c h  9 A 2 S 1 .  I f
d e f e c t i v e ,  h i g h e r  c a t e -
g o r y  o f  m a i n t e n a n c e  i s
i s  r e q u i r e d . I f  n o r m a l ,
c h e c k  i n t e r u n i t  w i r i n g
( F O - 4 - 7 8 ) .

C h e c k  f o r  c o n t i n u i t y  f r o m
t e r m i n a l  E 2  o f  9 A 2 A 1
( F O - 4 - 7 8 )  t o  p i n  D  o f
o f  9 A 1 J 3 .

E q u i p m e n t Common Name

M u l t i m e t e r ,  D i g i t a l ,  A N / U S M - 4 8 6 D i g i t a l  M u l t i m e t e r
V o l t m e t e r ,  E l e c t r o n i c ,  M E - 3 0 A / U VTVM
C a b l e  A s s e m b l y  S p e c i a l  P u r p o s e , CX-12101/U

E l e c t r i c a l
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b.  Operational Checks.

(1) Remove power supply 5TR1PS1 as described in paragraph 3-50.

(2) Connect power supply 5TR1PS1 to radio transmitter 5TR1 using the CMC 456-
926 cable between connectors 5TR1PS1P1 and J3 (X5TR1PS1P1) (fig. 3-1).

(3) Set the transmitter AC POWER switch to ON/RESET.

(4) Using the multimeter, measure the dc voltages at the test points on voltage
regulator amplifier 5TR1PS1AR1, as shown in the chart below:

Test point
Volts

TP1(-) and TP7(+)
TP1(-) and TP8(+) 28±0.2

12±0.1

WARNING

Be extremely careful when working with the safety
cover removed, 600 volts dc is exposed.

(5) Carefully remove the smaller of the two red safety covers labeled DANGER
600 V WHEN COVER REMOVED.

(6) Using the multimeter, measure the dc voltages at the filters, as shown in
the following chart. Filter terminals are shown in figure 3-2.

Filter terminals
volts

16(-) and 17(+)
22(-) and 23(+) 26±5

20(-) and 21(+) 6.8±0.4

GRD and 24(+) 6.8±0.4
630±31.5
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EL5REII5

Figure 3-l. Radio Transmitter 5TR1, Top Rear View.
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(7) Using the VTVM, measure the 400 Hz ac voltages at the filters, as shown in
the chart below.

Filters volts

5 and 6 140 ± 5
7 and 8 29±5
8 and 9 29±5

(8) Set the transmitter AC POWER switch to OFF. Reinstall the red safety co-
ver. Replace 5TR1PS1 if indications in (4), (6) or (7) above are incor-
rect. Refer to paragraph 3-50 for replacement procedures.

3-9. Amplifier-Monitor 5TR1A5

a. Test Equipment Required.

Equipment i Common name

Generator, Signal, SG-1171/U Wide range oscillator
Oscilloscope, Dual Trace, OS-261C(V)/U Oscilloscope
Adapter-Connector UG-274/U
Cable Assembly, Radio Frequency CG-409H/U (4.5 ft)

(2 required)
Cable Assembly, Special

Electrical
Purpose, CX-12092/U

EL5REII6

Figure 3-2. Power Supply 5TR1PS1, Filter Terminals.
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a. Test Equipment Required - Continued.

Equipment Common name

Cable Assembly, Special Purpose,
CX-12093/U

Electrical
Cable Assembly, Special Purpose

CX-12096/U

Electrical

b. Operational Checks.

(1) Remove amplifier-monitor 5TR1A5 as described in chapter 6 of TM
11-5820-540-12.

(2) Connect amplifier-monitor 5TR1A5 to radio transmitter 5TR1, using
the CX-12096/U cable between connectors 5TR1A5P1 and J2 (X5TR1A5P1)
(fig. 3-3).

EL5REII7

Figure 3-3. Radio Transmitter 5TR1, Bottom Rear View.
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(3) Loosen the four screws securing 5TR1A5 cover plate. Remove the cover
plate.

(4) Connect the test equipment as shown in figure 3-4.

(5) Set the frequency of the wide range oscillator to 10 kHz and adjust the am-
plitude to 2 volts peak-to-peak as measured on the oscilloscope. Discon-
nect the oscilloscope.

(6) Set the transmitter rf head XMTR CHANNEL control to channel 179.

(7) Set the transmitter AC POWER switch to ON/RESET.

EL5REII8

Figure 3-4. Amplifier Monitor 5TR1A5 Operational Check,
Test Setup.
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(8) Set the transmitter meter switch to 12 CH PCM, 24 CH PCM, and FDM in turn.
In each meter switch position, adjust the transmitter INPUT control for a
50 percent of full scale deflection on the transmitter meter.

(9) In each meter switch position of (8) above, measure the voltage at terminal
E4 of video amplifier 5TR1A5AR1 board, using the oscilloscope probe. The
voltages should be as shown in the chart below.

Meter switch position Voltage at E4 (volts)

12 CH  PCM 0.18 (peak)
24 CH PCM 0.3 (peak)

FDM 0.075 (peak)

(10) Set the transmitter rf head XMTR CHANNEL control to channel 180.

(11) Repeat (8) above.

(12) Repeat (9) above. The voltages should be as shown in the chart below.

Meter switch position Voltage at E4 (volts)

12 CH PCM 0.12 (peak)
24 CH PCM 0.2 (peak)

FDM 0.05 (peak)

(13) Set the AC POWER switch to OFF. Reinstall the 5TR1A5 cover plate. Re-
place 5TR1A5 if the indications in (9) or (12) above are abnormal. Refer
to chapter 6 of TM 11-5820-540-12 for replacement procedures.

3-10. Electrical Frequency Synthesizer 5TR1A2

NOTE

The troubleshooting of electrical frequency synthe-
sizer 5TR1A2 also involves checking control-indicator
6A3 . If abnormal indications are obtained in any of
the following tests, troubleshoot control-indicator
6A3 as described in paragraph 3-13 before replacing
electrical frequency synthesizer 5TR1A2.

a. Test Equipment Required.

Equipment Common name

.
Generator, Signal, SG-1171/U Wide range oscillator
Oscilloscope, Dual Trace, OS-261C(V)/U  Oscilloscope
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a Test Equipment Required - Continued. .

Equipment Common Name

Meter, Modulation, ME-57A/U
Counter, Electronic Digital Readout AN/USM-459
Wattmeter AN/URM-98
Attenuator, fixed, 10 db, Microlab AD-10 MN
Load, 51 ohms ±2%, BNC male termination 335-053
Cable Assembly, Radio Frequency (3
Cable Assembly, Special Purpose, 
Cable Assembly, Special Purpose, 
Cable Assembly Special Purpose, 
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency
Adapter-Connector UG-29B/U

required)
Electrical
Electrical
Electrical

Adapter-Connector UG-201A/U (2 required)
Adapter-Connector UG-274/U (2 required)

Deviation Meter
Counter
Power Meter

CG-409H/U (4.5 ft)
CX-12092/U
CX-12093/U
cX-12100/U
CG-3580/U (6 in.)
CG-3570/U (6 in.)

b. Test Setup.

(1) Remove electrical frequency synthesizer 5TR1A2 as described in
paragraph 3-48.

(2) Remove amplifier-frequency multiplier 5TR1A4 from 5TR1A2 as
described in paragraph 3-49.

(3) Connect electrical frequency synthesizer 5TR1A2 to radio
transmitter 5TR1 using the CX-12100/U cable between connectors
5TR1A2P2 and J1 (X5TR1A2P2) (fig. 3-3).

c. Frequency Measurements.

(1 Connect the test equipment as shown in A, figure 3-5.

(2) Set the AC POWER switch to ON/RESET.

(3) Using the XMTR CHANNEL control on the transmitter rf head,
sequentially select the channels indicated in the chart below and
read the corresponding frequencies on the counter.

Channel Frequency (MHz) Tolerance (Hz)

40
111
112
179
180
410

55.000
63.875
64.000
72.375
48.333
67.500

±550.0
±630.O
±640.O
±720.O
±480.O
±675.O
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d. Output Power Measurement.

(1) Disconnect the counter from the test setup of c above.

(2) Connect the power meter probe to the 10 db attenuator as shown in B figure
3-5.

(3) Measure the power output at channels 170 and 180.  Set the, channels using
the XMTR CHANNEL control. The power output indication on the power meter
as shown in the chart below is for modulator-oscillator 5TR1A2A2, Part No.
CMC 456-260.

Figure 3-5. Electrical Frequency Synthesizer 5TR1A2 Operational
Check, Test Setup.
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Power
Channel output

179 12 dbm±1 db
180 16 dbm±1 db

NOTE

When electrical frequency synthesizer is equipped with
modulator-oscillator Part No. CMC 220-800159-000, pow-
er output should be +14 dbm±l.5 db at channels 179
and 180.

e. Frequency Deviation Measurement.

(1) Disconnect the power meter from the test setup of d above.

(2) Connect the deviation mixer to the 10 db attenuator as shown in C figure 3-
.

(3) Set the frequency of the wide range oscillator to 10 kHz and adjust the am-
plitude to 2 volts peak-to-peak as measured on the oscilloscope.

(4) Set the transmitter meter switch to 24 CH PCM and adjust the INPUT control
for a 50 percent of full scale deflection of the meter.

(5) Measure the frequency deviation at channels 179 and 180. Set the channels
using the XMTR CHANNEL control. The frequency deviation indication on the
deviation meter should be as shown in the chart below.

Frequency
Channel (kHz)

179 75, +25 -13.5
180 50, +16.6 -9

f. Conclusion of Operational Checks. Set the transmitter AC POWER switch to OFF.
Troubleshoot control-indicator as described in paragraph 3-13 if abnormal indi-
cations are obtained in either c, d, or e above to insure that electrical frequency
synthesizer 5TR1A2 and not control-indicator 6A3 is defective. Reinstall amplifier-
frequency multiplier 5TR1A4 on 5TR1A2, or on the 5TR1A2 replacement, as described in
paragraph 3-49. Reinstall 5TR1A2 as described in paragraph 3-48.
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3-11 . Ampl i f i e r -F requency  Mu l t ip l ie r  5TR1A4

Test Equipment Required.
.

a .

Equipment Common Name

Test Set, Radio Frequency Power Wattmeter
AN/URM-120

Adapter-Connector UG-29B/U
Adapter-Connector UG-201A/U

(2  requ i red )
Cable Assembly, Radio Frequency CG-3580/U (6 in.)
Cable Assembly, Radio Frequency CG-3579/U (6 in.)
Cable Assembly, Special Purpose CX-12094

E l e c t r i c a l

b. Operational Check.

(1)

(2)

(3)

(4 )

(5)

(6 )

(7 )

(8 )

(9 )

3 -12 . Alarm

R e m o v e  t h e  t r a n s m i t t e r  r f  h e a d  f r o m  t h e  t r a n s m i t t e r  c a s e  a n d  r e m o v e
the dust  cover,  as descr ibed in chapter 6 of  TM 11-5820-540-12.

C o n n e c t  t h e  t r a n s m i t t e r  r f  h e a d  t o  t h e  t r a n s m i t t e r  c a s e  u s i n g  t h e
CX-12094/U cable.

D isconnec t  r f  l ead  P2  (XA1J5)  f rom connec to r  J5  on  e lec t ron ic  sw i t ch
6 A 1  ( f i g .  3 - 6  a d  f i g .  3 - 7 ) .

Connec t  P2  (XA1J5)  to  the  wat tmeter  inpu t  and  the  wat tmeter  ou tpu t  to
connector J5 of  6A1 as shown in f igure 3-8.

Insert  the coupler-detector CU-755/URM-120 into the wattmeter.

Set the transmitter AC POWER switch to ON/RESET.

Set  the  XMTR CHANNEL con t ro l  to  channe l  179 . The wattmeter should
ind ica te  no  less  than  2 .5  wa t ts .

S e t  X M T R  C H A N N E L  c o n t r o l  t o  c h a n n e l  1 8 0 .  T h e  w a t t m e t e r  s h o u l d
ind ica te  no  less  than  2 .5  wa t ts .

S e t  t h e  A C  P O W E R  s w i t c h  t o  O F F . R e p l a c e  5 T R 1 A 4  i f  a b n o r m a l
ind ica t ions  a re  ob ta ined  in  (7 )  and  (8 )  above ,  re fe r  to  pa ragraph  3 -49
for replacement procedures.

Control 5TR1A3

NOTE

The operat ion of  alarm control  5TR1A3 depends on the
dc output from power monitor 6AR1A3.
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a. Test Equipment Required

Equipment Common Name

Multimeter, Digital AN/USM-486 Digital Multimeter
Cable Assembly, Specal Purpose, CX-12103

Electrical

I

b. Operational Check

(1) Remove alarm control 5TR1A3 as described in chapter 6 of TM
11-5820-540-12.

(2) Connect the alarm control to radio transmitter 5TR1, using the
CX-12103 cable between connectors 5TR1A3J1 and P2 (5TR1A3J1).

FREQUENCY
MULTIPLIER
ASSEMBLY
6 A 2

FILTER ASSEMBLY
6 A R I A 2 A 4 P2(XWIJI) 6WIJI 6WIJ2 PI(6WIJ2)

CONNECTOR-
FILTER ASSY,
6 A R I A 2 A 3

PI(6A5J2)

6ARIAIFL1

6ARIAIFL2

CQNTROL-
INDICATOR

 6A3

6A5FLI

6ARIAIJ2

P2(XAIJ5)

6AIJ4

6AIJ6R A D I O
FREQUENCY
A M P L I F I E R
6 A R I

AIR BAFFLE
ASSEMBLY

6ARIAIJ I

P2(6ARIAIJI) RF POWER LEVEL
CONTROL 6A5

A I J 5 ELECTRONIC
SWITCH 6AI

MOUNTING
SCREWS

FILTER, RADIO
INTERFERENCE
6ARIA2FL3

EL5REI20

Figure 3-6. Transmitter Rf Head (AM-4320/GRC-103(V)), Top View.
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Figure 
3-7. 

Transmitter 
Rf 

Head 
(AM-4320A/GRC-103(V) 

or
AM-4320B/GRC-103(V)), 

Top 
View.
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(3) Remove the cover of 5TR1A3.

(4) Set the XMTR CHANNEL and XMTR TUNE controls to channel 180.

(5) Set the AC POWER switch to ON/RESET.

(6) Set the meter switch to DRIVER and adjust the PWR OUT PEAK control for a
maximum indication on the transmitter meter.

(7) Set the meter switch to PWR OUT and adjust the PWR OUT PEAK control for a
maximum indication on the transmitter meter.

(8) Using the multimeter, measure the voltage at the terminals of 5TR1A3A1
(printed circuit board) as shown in the chart below.

Terminal Voltage

E6 and ground Greater than 170 millivolts
El and ground 26 vdc

(9) Rotate the XMTR TUNE control until the transmitter meter indicates zero.
The LOW POWER lamp should light. The buzzer may sound; mute the buzzer.

EL5RE122

Figure 3-8. Amplifier-Frequency Multiplier 5TR1A4 Operational
Check, Test Setup.
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Terminal

(10) Using the multimeter, measure the voltage at the terminals of 5TR1A3A1 as
shown in the chart below.

E1 and ground

(11) Set the AC POWER switch to OFF. If abnormal indications are obtained, re-
place 5TR1A3 as described in chapter 6 of TM 11-5820-540-12.

V o l t a g e

E6 and ground Less than 120 millivolts

0

3-13. Control-Indicator 6A3

Equipment Common Name

Multimeter, Digital, AN/USM-486
Cable Assembly, Special Purpose,

Electrical

Digital Multimeter
CX-12098/U

b. Operational Checks.—

(1) Loosen the two screws securing plug P1(6W1J2) to chassis connector 6W1J2
Disconnect P1 (6W1J2) from 6W1J2.

(2) Set the XMTR CHANNEL control to channel 112.

(3) Using the multimeter, check for correct resistance between the following
pins of P1(6W1J2) as shown in the chart below.

Pins Resistance

3 and 14
4 and 14
5 and 14
6 and 14
7 and 14
8 and 14
9 and 14

10 and 14
11 and 14
12 and 14

Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity

Zero

(4) Set the XMTR CHANNEL control to channel 111.
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(5) Using the Multimeter, check for correct resistance between the following
pins of P1(6W1J2) as shown in the chart below.

Pins Resistance

3 and 14
4 and 14
5 and 14
6 and 14
J and 14
8 and 14
9 and 14

10 and 14
11 and 14
12 and 14

Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero

Infinity

(6)

(7)

(8)

(9)

Remove control-Indicator 6A3 from the transmitter rf head as described
in chapter 6 of TM 11-5820-540-12.

Connect plug PI (6W1J2) to chassis connector 6W1J2, using the
CX-12098/U cable.

Remove the four screws securing the control-indicator cover and remove the
cover.

Set the AC POWER switch to ON/RESET.

(10) Set control-indicator 6A3 to channel 179.

(11) Using the multimeter, check the voltage at terminal E12 on command signal
decoder 6A3A2. The multimeter should indicate O volt.

(12) Set control-indicator 6A3 to channel 180.

(13) Using the multimeter, check the voltage at terminal E12 on 6A3A2. The in-
dication should be +26 volts dc.

(14) Set the AC POWER switch to OFF. Reinstall the control-indicator cover.
If abnormal indications are obtained in either (3), (5) or (13) above, re-
place control-indicator 6A3. Refer to chapter 6 of TM 11-5820-540-12 for
replacement procedures.

3-14. Electronic Switch 6A1

a. Test Equipment Required.—

Equipment Common name

Multimeter, Digital, AN/USM-486 Digital Multimeter
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a. Test Equipment Required - Continued..

Equipment Common Name

Test Set, Radio Frequency Power
AN/URM-120

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Attenuator, Fixed 20 dB CN-1287/U
Adpater-Connector UG-201A/U

(2 required)
Adapter-Connector UG-29B/U (2 required)
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency

Wattmeter

Power Meter, Thermistor Mount

20 dB attenuator

CX-12094

CG-3579/U (6 in.)
CG-3580/U (6 In.)

b. Operational Checks.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Loosen the two screws that secure plug P2 (XW1J1) to chassis connector
6W1J1 (fig. 3-6). Disconnect plug P2 (XW1J1) from connector 6W1J1.

Set the AC POWER switch to ON/RESET.

Set the XMTR CHANNEL control to channel 179.

Using the multimeter, check the voltage between pin 6 (-) and pin 7 (+) of
6W1J1. The multimeter should indicate 26 volts.

Set the XMTR CHANNEL control to channel 180.

Again check the voltage between pin 6 (-) and pin 7 (+) of 6W1J1. The mul-
timeter should indicate O volt.

Check between the remaining pins of 6W1J1 as shown in the chart below.

Pins (dc Voltage

3 (+) and 1 (-) +26
3 (+) and 5 (-) +26
7 (+) and 5 (-) +26

(8) Set the AC POWER switch to OFF.

(9) Reconnect plug P2 (XW1J1) to connector 6W1J1.

(10) Disconnect plug P1 (XA1J4) from connector J4 on 6A1 (fig. 3-6).

(11) Connect the test equipment as shown in A, figure 3-9.

3-37



TM 11-5820-540-30

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

Insert the 10 to 500 watt probe into the wattmeter.

Set the XMTR CHANNEL control to channel 179.

Set the transmitter AC POWER switch to ON/RESET. The wattmeter should in-
dicate no less than 2.5 watts.

Set the AC POWER switch to OFF.

Reconnect plug P1 (XA1J4) to connector 6A1J4.

Disconnect plug P3 (XA1J12) from connector 6A1J2.

Connect the test equipment as shown in B, figure 3-9.

Set the XMTR CHANNEL control to channel 180.

Set the AC POWER switch to ON/RESET. The wattmeter should indicate no
less than 2.5 watts.

Set the AC POWER switch to OFF.

Reconnect plug P3 (XA1J2) to connector 6A1J2.

EL5RE123

Figure 3-9. Electronic Switch 6A1 Operational Check, Test Setup.
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(23) Disconnect plug P1 (XA1J6) from connector

(24) Connect the test equipment as shown in C,

TM 11-5820-540-30

6A1J6.

figure 3-9.

(25) Set the XMTR CHANNEL and XMTR TUNE controls to channel 179.

(26) Set the AC POWER switch to ON/RESET. The level at 6A1J6 should not
be less than +26.4 dBm (power meter reading of +6.4 dBm).

(27) Set the XMTR CHANNEL and XMTR TUNE controls to channel 180. The
level at 6A1J6 should not be less than +26.4 dBm (power meter reading
of +6.4 dBm).

(28) Set the AC POWER switch to OFF. If abnormal indications are obtained
in either (4), (6), or (7) above, check control-indicator 6A3 (para
3-13). If abnormal indications are obtained In (14) and (20) above,
check frequency multiplier assembly 6A2 (paragraph 3-15) before
changing electronic switch 6A1. Replace electronic switch 6A1 if
remaining requirements are not met. Refer to chapter 6 of TM
11-5820-540-12 for replacement procedures.

3-15. Frequency Multiplier Assembly 6A2

a. Test Equipment Required.

Equipment Common Name

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Attenuator, Fixed, 20 dB, CN-1287/U
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Radio Frequency
Adapter-Connector UG-201A/U
Adapter-Connector UG-29B/U

Power Meter Thermistor Mount

20 dB attenuator
CX-12094/U

CG-3579/U (6 In.)

b .  O p e r a t i o n a l  C h e c k . T e x t

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Disconnect plug P2 (XA1J3) from connector J3 of electronic switch 6A1

Connect the test equipment as shown in A, figure 3-10.

Set the XMTR CHANNEL and XMTR TUNE controls to channel 179.

Set the transmitter AC POWER switch to ON/RESET. The level at 6A1P2
should not be less than +26.4 dBm (power meter indication of +6.4 dBm)

Set the AC POWER switch to OFF.

Reconnect plug P2 (XA1J3) to connector 6A1J3.

Disconnect plug P4 (XA1J1) from connector 6A1J1.

Connect the test equipment as shown in B, figure 3-10.
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(9) Set the XMTR CHANNEL and XMTR TUNE controls to channel 180.

(10) Set the AC POWER switch to ON/RESET. The level at 6A1P should not
be less than +26.4 dBm (power meter indication of +6.4 dBm).

(11) Set the AC POWER switch to OFF. Replace frequency multiplier
assembly 6A2, if abnormal indications are obtained in either (4) or
(10) above. Refer to paragraph 3-56 for replacement procedures.

3-16. Rf Power Level Control 6A5

NOTE

This unit is used only on Amplifier-Frequency Multiplier
AM-4320/GRC-103(V).

Test Equipment Required.
a. .

Equipment

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Attenuator, Fixed, 20 dB, CN-1287/U
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Radio Frequency
Adapter-Connector UG-201A/U
Adapter-Connector UG-29B/U

Common Name

Power Meter Thermistor Mount

20 dB attenuator
CX-12094/U

CG-3580/U (6 in.)

Figure 3-10. Frequency Multiplier Assembly 6A2 Operational Check, Test Setup.
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b. Operational Check.—

(1)

(2)

(3)

(4)

(5)

(6)

3-17. Fi

Disconnect plug P1 (6A5J2) from connector J2 of the rf power level control
6A5 (fig. 3-6).

Connect the test equipment as shown in figure 3-11.

Set the AC POWER switch to ON/RESET. The level at 6A5J2 should be +23 dbm
minimum, (power meter indication of +3 dbm).

Disconnect the power meter and reconnect P1 (6A5J2) to 6A5J2.

Using the multimeter, check the control voltage at 6A5FL1 (fig. 3-6). The
multimeter should indicate 7.2 volts dc minimum (voltage increases as input
power increases).

If an abnormal indication is obtained in (3) or (5) above, replace 6A5 as
described in paragraph 3-57.

lter Assembly 6AR1A2A4

a. Test Equipment Required. . .

Equipment Common Name

Meter, Power, ME-441/U with Thermistor Power Meter Thermistor Mount
Mount, HP-478A

Test Set, Radio Frequency Power AN/URM-120 Wattmeter

EL5RE125

Figure 3-11. Rf Power Level Control 6A5 Operational Check,
Test Setup.

3-41



TM 11-5820-540-30

a. Test Equipment Required-Continued

Equipment

Attenuator, Fixed, 20 dB, CN-1287/U
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency

(2 required)
Adapter-Connector UG-201A/U

(2 required)
Adapter-Connector UG-29B/U (2 reqired)

Common Name

20 dB attenuator
CX-12094/U

CG-3579/U (6 in.)
CG-3580/U (6 in.)

b. Operational Check.

(1) Disconnect plug
2A4 (fig. 3-6).

P2 (6AR1A2A4J4) from connector J4 on filter assembly 6AR1A-

(2) Connect the test equipment as shown A, figure 3-12.

EL5RE126

Figure 3-12. Filter Assembly 6AR1A2A4 Operational Check, Test Setup.
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(3) Set the AC POWER switch to ON/RESET. The level at 6AR1A2A4J4 should be +23
dbm minimum, (power meter indication of +3 dbm).

(4) Set the AC POWER switch to OFF.

(5) Reconnect plug P2 (6 AR1A2A4J4) to connector J4 on filter assembly 6AR1A2A4.

(6) Disconnect plug P1 (6 AR1A2A4J2) from connector J2 on filter assembly 6AR1A-
2A4.

(7) Connect the test equipment as shown in B, figure 3-12.

(8) Set the AC POWER switch to ON/RESET.

(9) Set the transmitter meter switch to the DRIVER position and adjust the PWR
OUT PEAK control for maximum indication on the transmitter meter. The
wattmeter should indicate no less than 3.5 watts.

(10) Set the AC POWER switch to off.

(11) If abnormal indications are obtained in either (3) or (9) above, higher
category of maintenance is required.

3-18. Radio Frequency Amplifier 6AR1

a. Test Equipment Required.

Equipment Common Name

Test Set, Radio Frequency Power,
AN/URM-120

Cable Assembly, Special Purpose,
Electrical

Cable Assembly, Radio Frequency
(2 required)

Adapter-Connector UG-201A/U
(2 required)

Adapter-Connector UG-29B/U
Adapter-Connector UG-274/U

Wattmeter

CX-12094/U

CG-409H/U (4.5 ft.)

b. Operational Check.

(1) Disconnect plug P2 (6AR1A1J1) from connector J1 on radio frequency
amplifier 6AR1 (fig. 3-6).

(2) Connect the test equipment as shown in A, figure 3-13.

(3) Insert the coupler-detector CU-755/URM-120 into the wattmeter.
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(4)

(5)

(6)

(7)

(8)

(9)

Set the XMTR CHANNEL and XMTR TUNE controls to channel 180.

Set the transmitter AC POWER switch to ON/RESET and the meter switch to
DRIVER.

Adjust the PWR OUT PEAK control for maximum indication on the transmitter
meter. The wattmeter should indicate no less than 3.5

Set the AC POWER switch to OFF.

Reconnect plug P2 (6AR1A1J1) to connector J1 of radio
6AR1.

 watts.

 frequency amplifier 

Disconnect plug P1 (6AR1A11J2) from connector J2 on 6AR1.

(10) Connect the test equipment as shown in B, figure 3-13.

(11) Set the AC POWER switch to ON/RESET.

(12) Set the meter switch to DRIVER and adjust the PWR OUT PEAK control for
maximum indication on the transmitter meter.

(13) Set the meter switch to PWR OUT and adjust the PWR CUT PEAK control
for maximum indication on the meter. The wattmeter should indicate a
minimum of 32 watts.

Figure 3-13. Radio Frequency Amplifier 6AR1 Operational Check, Test Setup.
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(14) Set the AC POWER switch to OFF.

(15) Replace the transmitter rf head if abnormal indications are obtained in
(6) and (13) above.

3-19. Circuit Card Assembly 6AR1A2A2

a. Test Equipment Required.—

Equipment Common name

Multimeter, Digital, AN/USM-486 Digital Multimeter

b. Operational Check.—

(1) Remove the transmitter rf head from its case.

(2) Using the multimeter, check for correct resistance between the following
test points as shown in the chart below.

Test points Resistance (ohms ±1O%)

E1 and E3
E1 and TP5
E1 and TP6
E1 and TP7
E1 and E8
E2 and E10
E4 and TP1
E4 and E9
E4 and E11
E4 and E12
E5 and TP2
E6 and TP3
E7 and TP4

12
0

12
5.1
5.1

Infinity
o

200 k
240 k
220 k

o
o
o

(3) If abnormal indications
tenance is required.

3-20. Low Pass Filter 6AR1A2FL1

a. Test Equipment Required.—

are obtained in (2) above, higher category of main-

Equipment Common name

Test Set, Radio Frequency Power, Wattmeter
AN/URM-120
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Test Equipment Required-Continued.a.

Equipment Common Name

Cable Assembly, Special Purpose, CX-10294/U
Electrical

Cable Assembly, Radio Frequency CG-409H/U (4.5 ft.)
Adapter-Connector UG-201A/U

(2 required)
Adapter-Connector UG-29B/U

b. Operational Check.

(1) Disconnect plug P2 (XAR1A3J1) from connector J1 of power monitor
6AR1A3, (fig. 3-14 and fig. 3-15).

Figure 3-14. Transmitter Rf Head (AM-4320/GRC-103(V)), Side View.
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

Connect the test equipment as shown in figure 3-16.

Insert the coupler-detector CU-755/URM-120 into the wattmeter.

Set the XMTR CHANNEL and XMTR TUNE controls to channel 180.

Set the transmitter AC POWER switch to ON/RESET.

Set the transmitter meter switch to DRIVER and adjust the PWR OUT
PEAK control for maximum indication on the transmitter meter.

Set the meter switch to PWR OUT and adjust the PWR OUT PEAK control
for maximum reading on the meter. The wattmeter should indicate a
minimum of 27 watts.

Set the AC POWER switch to OFF. Replace low pass filter 6AR1A2FL1,
if an abnormal indication is obtained in (7) above, refer to
paragraph 3-54 for replacement procedures.

Figure 3-16. Low Pass Filter 6AR1A2FL1 Operational Check, Test Setup.
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3-21. Power Monitor 6AR1A3

a .  T e s t  E q u i p m e n t  R e q u i r e d .

Equipment Common Name

Test Set, Radio Frequency Power Wattmeter
AN/URM-120

Cable Assembly, Radio Frequency CX3-1883/U (4.5 ft.)
Adapter-Connector UG-565A/U
Adapter-Connector UG-29B/U
Adapter-Connector UG-564A/U

b, Operational Check.

(1) Connect the test equipment as shown in figure 3-17.

(2) insert the coupler-detector CU-755/URM-120 into the wattmeter.

(3) Set the XMTR CHANNEL and XMTR TUNE controls to channel 180.

(4) Set the transmitter AC POWER switch to ON/RESET.

(5) Set the transmitter meter switch to DRIVER and adjust the PWR OUT
PEAK control for maximum indication on the transmitter meter.

(6) Set the meter switch to PWR OUT and adjust the PWR OUT PEAK control
for maximum reading on the meter. The wattmeter should indicate a
minimum of 25 watts.

(7) Set the AC POWER switch to OFF. If abnormal indication is
obtained, replace power monitor 6AR1A3 as described in paragraph
3-55.

Figure 3-17. Power Monitor 6AR1A3 Operational Check, Test Setup.

EL5REI3I
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3-22. Bandpass Filter Assembly 2A1A1A1 and Impedance Matching Network 2A1A1Z1

a. Test Equipment Required

Equipment Common Name

Test Set, Radio Frequency Power
AN/URM-120

Generator, Signal SG-1170/U
Voltmeter, Electronic ME-30A/U
Load, 51 ohms
Adapter-Connector UG-201A/U

(2 required)
Adapter-Connector UG-29B/U
Adapter-Connector UG-274/U
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Radio Frequency

(2 required)

Wattmeter

Signal Generator
VTVM
CMC 335-053

CX-12097/U

CG-409H/ (4.5 ft.)

b. Operational Check-Transmitter Path.

(1)

(2)

(3)

(4)

(5)

(6)

Disconnect plug P2 (XA1A1Z1J1) (fig. 3-18) from connector J1 on
impedance matching network 2A1A1Z1.

Connect the test equipment as shown in figure 3-19.

Insert the coupler-detector CU-755/URM-120 into the wattmeter.

Connect the PWR OUT connector of the transmitter rf head to the FROM
XMTR connector of the receiver fixed head.

Set the transmitter AC POWER switch to ON/RESET. The wattmeter
should indicate a minimum of 19 watts.

Set the AC POWER switch to OFF. If an abnormal reading is obtained

c. Operational Check-Receiver Path.

in (5) above, higher category of maintenance is required.

. . .

(1) Disconnect plug P3 (2A1A1A1J2) (fig. 3-20) from connector J2 on
bandpass filter assembly 2A1A1A1.

(2) Connect the test equipment as shown in A, figure 3-21.

(3) Set the receiver to channel 200.

(4) Set the frequency of the signal
output level until a reading of
Note the attenuator setting on the

generator to 300 MHz and adjust the
-50 dbm is obtained on the VTVM.
signal generator.
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EL5RE132

Figure 3-18. Receiver Rf Head (AM-4316/GRC-103(V)), Bottom View.

(5) Reconnect plug P3 (2A1A1A1J2) to connector J2 on bandpass filter assembly
2A1A1A1.

(6) Disconnect plug P2 (2A1A1Z1J1) (fig. 3-18) connector J1 on impedance match-
ing network 2A1A1Z1.

(7) Connect the test equipment as shown in 13, figure 3-21.

(8) Increase the output of the signal generator until a reading of -50 dbm is
obtained on the VTVM. The output attenuator setting on the signal genera-
tor should not be more than 2 db higher than the setting noted in (4)
above.

(9) If the indication in (8) above is not obtained, replace the receiver rf
head.
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Figure 3-19. Duplexer Bandpass Filter (AM-4316/GRC-103(V)), (Transmit)
Operational Check, Test Setup.

3-23. Duplexer 2A1A1 and Impedance

This unit is part of Amp

a. Test Equipment Required.

Matching Network 2A1A1Z7

NOTE

lifier Converter AM-4316A/GRC-103(V).

Equipment Common Name

Test Set, Radio Frequency Power,
AN/URM-120

Generator, Signal, SG-1170/U
Voltmeter, Electronic ME-30A/U
Load, 51 ohms
Adapter-Connector UG-201A/U

(2 required)
Adapter-Connector UG29B/U

Wattmeter

Signal Generator
VTVM
CMC 335-053
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Test Equipment Required-Continued
.

a.

Equipment Common Name

Adapter-Connector UG-274/U
Adapter-Connector UG-914/U
Cable Assembly, Special Purpose, CX-12097/U

Electrical
Cable Assembly, Radio Frequency CG-409H/U (405 ft.)

(2 required)

Figure 3-20. Receiver Rf Head (AM-4316/GRC-103(V)), Top and Rear View.
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EL5RE135

Figure 3-21. Duplexer Bandpass Filter (AM-4316/GRC-103(V)), (Receive)
Operational Check, Test Setup. .

b. Operational Check-Transmitter Path.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Disconnect plug P2 (2A1A1Z7J1) (fig. 3-22) from connector J1 on
impedance matching network 2A1A1Z7.

Connect the test equipment as shown in figure 3-23.

Insert the coupler-detector CU-755/URM-120 into the wattmeter.

Connect the PWR OUT connector of the transmitter rf head to the FROM
XMTR connector of the receiver fixed head.

Set the transmitter AC POWER switch to ON/RESET. The wattmeter
should indicate a minimum of 19 watts.

Set the AC POWER switch to OFF. if an abnormal reading is obtained
in (5) above, higher category of maintenance is required.

Disconnect test equipment and reconnect for normal operation.
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Figure 
3-22.
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Rf 

Head 
(AM-4316A/GRC-103(V)), 

Bottom 
View.
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Figure 3-23. Duplexer Bandpass Filter (AM-4316A/GRC-103(V)),  (Transmit)Text
Operational Check, Test Setup.Text

c. Operational Check, Receiver Path.

(1) Disconnect plug P3 (2A1A1J2) (fig. 3-24) from connector J2 on duplexer
2A1A1.

(2) Connect the test equipment as shown in A, figure 3-25.

(3) Set the receiver to channel 200, and receiver AC switch to ON.

(4) Set the frequency of the signal generator to 300 MHz and adjust the output
level until a reading of -50 dbm is obtained on the VTVM. Note the attenu-
ator setting on the signal generator.

(5) Reconnect plug P3 (2A1A1J2) to connector J2 on duplexer 2A1A1.

(6) Disconnect plug P2 (2A1A1Z7J1) (fig. 3-22) connector J1 on impedance match-
ing network 2A1A1Z7.

(7) Connect the test equipment as shown in B figure 3-25.

(8) Increase the output of the signal generator until a reading of -50 dbm is
obtained on the VTVM. The output attenuator setting on the signal genera-
tor should not be more than 2 db higher than
above.

(9) If abnormal read
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Figure 
3-24.

Receiver 
Rf 

Head 
(AM-4316A/GRC-103(V)), 

Top 
and 

Side 
View.
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Figure 3-25. Duplexer Bandpass Filter (AM-4316A/GRC-103(V)), (Receive)
Operational Check, Test Setup.

3-24. Power Monitor 2A1A5 (AM-4316/GRC-103(V))

a. Test Equipment Required.

Equipment

Test Set, Radio Frequency Power
AN/URM-120

Generator, Signal, SG-1170/U
Voltmeter, Electronic ME-30A/U
Load, 51 ohms
Adapter-Connector UG-565A/U
Adapter-Connector UG-29B/U
Adapter-Connector UG-564A/U
Adapter-Connector UG-274/U
Adapter-Connector UG-636A/U
Cable Assembly, Radio Frequency

(2 required)
Cable Assembly, Radio Frequency
Cable Assembly, Special Purpose,

Electrical

Common Name

Wattmeter

Signal Generator
VTVM
CMC 335-053

CG-409H/U (4.5 ft.)

CG-1883/U (4.5 ft.)
CX-12097/U
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b. Operational Check-Transmit Path .

(1) Connect the test equipment as shown in figure 3-26.

(2) Insert the coupler-detector CU-755/URM-120 into the wattmeter.

(3) Set the transmitter AC POWER switch to ON/RESET. The wattmeter
should indicate a minimum of 18 watts.

(4) If an abnormal indication is obtained in (3) above, replace 2A1A5 as
described in paragraph 3-64.

c. Operational Check-Receiver Path.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Disconnect plug P2 (2A1A1Z1J1) (fig. 3-18) from connector J1 of
impedance matching network 2A1A1Z1.

Connect the test equipment as shown in A, figure 3-27.

Tune the receiver to channel 200.

Set the frequency of the signal generator to 300 MHz, and adjust the
output until the VTVM indicates -50 dbm.

Reconnect plug P2 (2A1A1Z1JI) to connector J1 of impedance matching
network 2A1A1Z1.

Connect the equipment as shown in B, figure 3-27. The indication on
the VTVM should not be greater than -49.5 dBm.

If an abnormal indication is obtained in (6) above, replace power
monitor 2A1A5 as described in paragraph 3-64.

EL5RE140

Figure 3-26. Power Monitor 2A1A5, (Transmit Path) Operational Check,
Test Setup.
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EL5RE141

Figure 3-27. Power Monitor 2A1A5 (AM-4316/GRC-103(V)), (Receive Path)
Operational Check, Test Setup.

3-25. Power Monitor 2A1A5 (AM-4316A/GRC-103(V))

a. Test Equipment Required.

Equipment Common Name

Test Set, Radio Frequency Power.
AN/URM-120

Generator, Signal, SG-1170/U
Voltmeter, Electronic ME-30A/U
Load, 51 ohms
Adapter-Connector UG565A/U
Adapter-Connector UG-29B/U
Adapter-Connector UG-564A/U
Adapter-Connector UG-274A/U
Adapter-Connector UG636A/U
Cable Assembly, Radio Frequency

(2 required)
Cable Assembly, Radio Frequency
Cable Assembly, Special Purpose,

Electrical

Wattmeter

Signal Generator
VTVM
CMC 335-053

CG-409H/U (4.5 ft.)

CG-1883/U (4.5 ft.)
CX-12097/U
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b . Operational Check-Transmit Path..

(1) Connect the test equipment as shown in figure 3-26.

(2) Insert the coupler-detector CU-755/URM-120 into the wattmeter.

(3) Set the transmitter AC POWER switch to ON/RESET. The wattmeter
should indicate a minimum of 19 watts.

(4) If an abnormal indication is obtained in (3) above, replace 2A1A5 as
described in paragraph 3-64.

.c.  Operational Check-Receiver Path.

(1) Disconnect plug P2 (2A1A1Z7J1) from connector J1 of impedance
matching network 2A1A1Z7.

(2) Connect the test equipment as shown in A, figure 3-28.

(3) Tune the receiver to channel 200, and set receiver AC switch to ON.

(4) Set the frequency of the signal generator to 300 MHz, and adjust the
output until the VTVM indicates -50 dBm. Note the signal generator
attenuator setting.

Figure 3-28. Power Monitor 2A1A5 (AM-4316A/GRC-103(V)), (Receive Path).
Operational Check, Test Setup.
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(5) Reconnect plug P2 (2A1A1Z7J1) to connector J1 of impedance matching
network 2A1A1Z7.

(6) Connect the equipment as shown in B, figure 3-28. The indication on
the VTVM should not be greater than -49.5 dBm.

(7) If an abnormal indication is obtained, replace power monitor 2A1A5
(para 3-64).

3-26. Electronic Frequency Converter 2A1A2

a. Test Equipment Required.

Equipment Common Name

Voltmeter, RF, ME-426/U
General, Signal, SG-1170/U
Adapter-Connector UG-274/U
Cable Assembly, Radio Frequency CG-409H/U
Cable Assembly, Radio Frequency CG-3578/U
Cable Assembly, Radio Frequency CG-3579/U
Cable Assembly, Radio Freuqnecy CG-3580/U
Cable Assembly, Special Purpose, CX-12097/U

Electrical

RF Voltmeter
Signal Generator No.1

b. Operational Check

(1) Disconnect plug P2 (2A1A2A3J4) (fig.
filter assembly 2A1A2A3.

(2) Connect the test equipment as shown

(3) Set the RCVR SIG control and RCVR

3-20) from connector J4 bandpass

in figure 3-29.

CHANNEL to channel 410 and set
meter selector switch on the receiver, fixed head to MULT.

(4) Adjust the MULT PEAK control for a maximum indication on the receiver
meter.

(5) Tune the signal generator to 405 MHz and adjust the output level to
-57 dBm.

(6) The RF voltmeter should

(7) Repeat (3) through
frequencies listed be

indicate between -30 dBm and -18 dBm.

(6) above for the remaining channels and
below.
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RCVR CHANNEL

410

344

288

200

152

120

119

73

54

40

RCVR SIG

410

344

288

200

152

120

119

73

54

40

Signal Generator frequency
(MHZ)

405

372

344

300

276

260

259.5

236.5

227

220

(8) If an abnormal indication was obtained above, test Intermediate
Frequency Amplifier 2A1A2AR1 (para 3-31), Frequency Mixer Stage
2A1A2A2 (para 3-32), and Bandpass Filter 2A1A2A3/Frequency Multiplier
2A1A2A1 combination (para 3-33).

3-27. Radio Frequency Amplifier 2A1AR1

Equipment Common Name

Voltmeter, Electronic. ME-30A/U
Generator, Signal. SG-1170/U
Load, 51 ohms
Adapter-Connector, UG-274/U
Cable Assembly, Special Purpose,

Electrical
Cable Assmebly, Radio Frequency

(2 required)
Cable Assembly, Radio Frequency

VTVM
Signal Generator
CMC 335-053

CX-10297/U

CG-409H/U (4.5 ft.)

CG-3578/U (6 In.)
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Figure 3-29. Electronic Frequency Converter 2A1A2 Operational Check,
Test Setup.
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b. Operational Check.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Disconnect plug P1 (2A1AR1J2) (fig. 3-18) from connector J2 of radio fre-
quency amplifier 2A1AR1.

Connect the test equipment as shown in A, figure 3-30.

Tune the receiver rf head to channel 200.

Set the AC POWER switch to ON.

Set the frequency of the signal generator to 300 MHz and adjust the output
level until a reading of -50 dbm is obtained on the VTVM.

Connect the test equipment as shown in B, figure 3-30.

Decrease the output of the signal generator by 27 db.

The indication on the VTVM should be the same as that obtained in (5)
above, ±3 db.

Set the AC POWER switch to OFF.

(10) If the reading specified in (8) above is not obtained, replace radio fre-
quency amplifier 2A1AR1. Refer to chapter 6 of TM 11-5820-540-12 for re-
placement procedures.

Figure 3-30. Radio Frequency Amplifier 2A1AR1 Operational

EL5RE144

Check, Test Setup.
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3-28. Low Pass Filter 2A1AFL1

a. Test Equipment Required.

Equipment Common Name

Voltmeter, Electronic, ME-30A/U
Generator, Signal, SG-1170/U
Load, 51 ohms
Cable Assembly, Special Purpose,

Electrical
Cable Assmebly, Radio Frequency

(2 required)

VTVM
Signal Generator
CMC 335-053
CX-10297/U

CG-409H/ (4.5 ft.)

b. Operational Check

(1) Disconnect plug P2 (2A1AR1J1) (fig. 3-18) from connector J1 of radio
frequency amplifier 2A1AR1.

(2) Connect the test equipment as shown in B, figure 3-31.

EL5RE145

Figure 3-31. Low Pass Filter 2A1A1FL1 Operational Check,
Test Setup.
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(3) Tune the receiver rf head to channel 200.

(4) Set the frequency of the signal generator
output level for a -50 dbm reading on the

to 300 MHz and adjust the
VTVM.

(5) Reconnect plug P2 (2A1AR1J1) to connector J1 of radio frequency
amplifier 2A1AR1.

(6) Disconnect plug P2 (2A1A1FL1J1) (fig. 3-20) from the connector J1 of
low pass filter 2A1A1FL1.

(7) Connect the test equipment

(8) The indication on the VTVM

(9) If an
Refer

3-29. Signal Level

abnormal indication

as shown in A, figure 3-31.

should not be greater than -49.5 dBm.

is obtained in (8) above, replace 2A1A1FL1.
to chapter 6 of TM 11-5820-540-12 for replacement procedures.

Control Monitor 2A4 (AM-4316A/GRC-103(V))

a.  Test Equipment Required.

Equipment

Voltmeter, Electronic, ME-30A/U
Generator, Signal, SG-1170/U
Load, 51 ohms
Adapter-Connector UG-274/U

(2 required)

Common Name

Voltmeter
Signal Generator
CMC 335-053

3-67



TM 11-5820-540-30

Figure 3-32. Electronic Switch 2A4 and Power Supply 2PS1 Operational
Check, Test Setup.
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a. Test Equipment Required-Continued.

Equipment Common Name

Cable Assembly, Special Purpose CX-12097/U
Electrical

Cable Assembly, Radio Frequency CG-409H/U (4.5 ft.)
(2 required)

b. Operational Check.

(1)

(2)

(3)

(4)

(5)

Disconnect plug P3 (2A1A1J2) (fig. 3-24) from connector J2 of bandpass fil-
ter assembly 2A1A1.

Connect the test equipment as shown in A, figure 3-33.

Tune the receiver to channel 200 and the signal generator to 300 MHz.

Set the AC POWER switch to ON.

Increase the output level of the signal generator to a maximum +10 dbm.
The HIGH SIGNAL alarm should operate and the buzzer may sound if it
muted.

is not

Figure 3-33. Signal Level Control Monitor 2A4 Operational Check,
Test Setup (AM-4316A/GRC-103(V)).
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(6) Decrease the level of the signal generator until the VTVM indicates
-50 dbm.

(7) Connect the test equipment

(8) The indication obtained on
dbm.

(9) Set the AC POWER switch to

(10) If the HIGH SIGNAL alarm

as shown in B, figure 3-33.

the VTVM should not be higher than -49.5

OFF.

does not come on in (5) above, or the
indication obtained in (8) above is beyond the specified limit,
signal level control-monitor 2A4 and/or dummy connector 2P1 should be
replaced. Refer to TM 11-5820-540-12 for replacement procedures.

3-30. Intermediate Frequency Amplifier 2A1A2AR1

Test Equipment Required.
a.

. .

Equipment Common Name

Generator, Signal, SG-1170/U Signal Generator
Adapter-Connector UG-201A/U
Adapter-Connector UG-274/U
Cable Assembly, Special Purpose CX-12097/U

Electrical
Cable Assembly, Radio Frequency CG-3580/U (6 in.)
Cable Assembly, Radio Frequency CG-3578/U (6 in.)
Cable Assembly, Radio Frequency CG-409H/u (4.5 ft.)
Voltmeter, RF, ME-426/U RF Voltmeter
Cable Assembly, RF CG-3579/U

(1) Disconnect plug P1 (XA1A2A2J2) (fig. 3-20 or 3-24) from connector J2
of frequency mixer stage 2A1A2A2. Disconnect PI (XA1W3J4).

(2) Connect the test equipment as shown In figure 3-34.

b. Operational Check

(3) Set the
level of

(4) Set the
indicate

frequency of the signal generator to 30 MHz at an output
-60 dBm.

receiver AC POWER switch to ON. The RF Voltmeter should
between -30 dBm and -18 dBm.

(5) Set the receiver AC POWER switch to OFF.

(6) If the indication obtained In (4) above is outside specified limits,
replace intermediate frequency amplifier 2A1A2AR1. Refer to TM
11-5820-540-12, chapter 6, for replacement procedures.
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Equipment

Generator, Signal, SG-1170/U
Adapter-Connector UG-201A/U
Cable Assembly, Special Purpose

Electrical
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency
Voltmeter, RF, ME-426/U
Cable Assembly, RF

Common Name

Signal Generator

CX-12097/U

CG-3580/U
CG-3578/U
CG-409H/U
RF Voltmeter
CG-3579/U

6 in.)
6 in.)
4.5 ft.)
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b. Operational Check

NOTE

Intermediate frequency amplifier 2A1A2AR1 and bandpass
filter 2A1A2A3/frequency multiplier 2A1A1A1 combination
must be serviceable for this test. Test as described in
paragraphs 3-30 and 3-32 respectively.

(1) Disconnect plug P2 (2A1A2A3J4) (fig. 3-20 or 3-24) from connector J4
of frequency mixer stage 2A1A2A3.

Figure 3-35. Frequency Mixer Stage 2A1A2A2 Operational Check, Test Setup.
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(2) Connect the test equipment as shown in figure 3-35.

(3) Tune the receiver to channel 200.

(4) Set the frequency of the signal generator to 300 MHz at an output
level of -57 dBm.

(5) Set the receiver AC POWER switch to ON. The RF Voltmeter should
indicate between -30 dBm and -18 dBm.

(6) If the indication obtained in (5) above is outside specified limits,
replace frequency mixer stage 2A1A2A2 as described in paragraph 3-66.

3-32. Bandpass Filter 2A1A2A3/Frequency Multiplier 2A1A2A1 Combination

a. Test Equipment Required.

Equipment

Adapter-Connector UG-29B/U
Adapter-Connector UG-201A/U

(2 required)
Cable Assembly, Special Purpose

Electrical
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency
Meter, Power, ME-441/U
Thermistor Mount, Power Meter, HP-478A
Cable Assembly, RF

Common Name

CX-12097/U

CG-3580/U (6 in.)
CG-3578/U (6 in.)
Power Meter
Thermistor Mount
CG-409H/U
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Figure 3-36. Bandpass Filter 2A1A2A3/Frequency Multiplier 2A1A2A1 Combination,
Operational Test Setup.
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b. Test Procedure

(1) Remove frequency mixer 2A1A2A2 and Intermediate frequency amplifier
2A1A2AR1 from the electronic frequency converter 2A1A2.

(2) Connect the test equipment as shown in A, figure 3-36.

(3) Set the RF head RCVR SIG and RCVR CHANNEL controls to channel 410.

(4) Adjust the MULT PEAK control for a peak indication on the power
meter. The level must be a minimum of +1.0 dBm.

(5) Connect test equipment as shown In B, figure 3-36.

(6) Tune the signal generator to 405 MHz and adjust the output level for
+8 dBm, as indicated on the power meter.

(7) Connect test equipment as shown in C, figure 3-36. The power meter
indication should not be less than +7.0 dBm.

(8) Repeat (3) through (7) above for the remaining channels and
frequencies listed below.

RCVR CHANNEL

410

344

288

200

120

119

73

54

40

RCVR SIG

410

344

288

200

120

119

73

54

40

Signal Generator frequency
(MHZ)

405

372

344

300

260

259.5

236.5

227

220

(9) If an abnormal indication was obtained above , refer RF head to higher
category of maintenance.
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3-33. Control-Indicator 2A2

a. Test Equipment Required .

Equipment Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter
Cable Assembly, Special Purpose CX-12098/U

Electrical

b. Operational Check.

(1)

(2)

(3)

Loosen the two screws that secure plug P1 (2A1W4J4) to chassis
connector 2A1W4J4 (fig. 3-18). Disconnect P1 (2A1W4J4) from 2A1W4J4).

Set the RCVR CHANNEL control to channel 52.

Using the multimeter, check for correct resistance between the
following pins of P1 (2A1W4J4) as shown in the chart below.

Pins Resistance

3 and 14
4 and 14
5 and 14
6 and 14
7 and 14
8 and 14
9 and 14
10 and 14
11 and 14
12 and 14

Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity

Zero

(4) Set the RCVR CHANNEL control to channel 51.

(5) Using the multimeter, check for correct resistance between the following
pins of P1 (2A1W4J4) as shown in the chart below.
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Pins Resistance

3 and 14
4 and 14
5 and 14
6 and 14
7 and 14
8 and 14
9 and 14

10 and 14
11 and 14
12 and 14

Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero

Infinity

(6) Remove control-indicator 2A2 from the receiver rf head, as described
in chapter 6 of TM 11-5820-540-12.

(7) Connect plug P1 (2A1W4J4) to chassis connector 2A1W4J4 using the
CX-12098/U extender cable.

(8) Remove the four screws that secure the cover on control-indicator
2A2. Remove the cover.

(9) Set the receiver AC POWER switch to ON.

(10) Set control-indicator 2A2 to channel 119.

(11) Using the multimeter, check the voltage at terminal E12 on command
signal decoder 2A2A2. The multimeter should indicate O volt.

(12) Set control-indicator 2A2 to channel 120.

(13) Using the multimeter, check the voltage at terminal E12 on command
signal decoder 2A2A2. The multimeter should indicate 10 volts.

(14) Set AC POWER switch to OFF. Reinstall control-indicator 2A2 cover.
If abnormal Indications are obtained in either (3), (5), (11), or
(13) above, replace control-indicator 2A2. Refer to chapter 6 of TM
11-5820-540-12 for replacement procedures.

3-34. Power Supply 1RE1PS1

a. Test Equipment Required.

Equipment Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter
Cable Assembly, Special Purpose, CX-12098/U

Electrical
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b. Operational Check.—
(1) Remove power

11-5820-540-12.
supply 1RE1PS1 as described in chapter 6 of TM

(2) Connect connector P2 of 1RE1PS1
receiver 1RE1, using the CX-12098/U

(3) Set the receiver AC POWER switch to

to receptacle 1RE1A1J1 of radio
extender cable.

ON.

(4) Using the multimeter, measure the dc voltages at test points on
voltage regulator amplifier 1RE1PS1AR1 , as shown in the chart below.

Test point Volts dc

TP5 (-) and TP6 (+)
TP4 (-) and TP5 (+)

+12±o.1
+12±0.1

TP4 (-) and TP6 (+) +24±o.2

WARNING

Be extremely careful when working with the safety cover
removed, 115 volts ac is exposed.

(5) Carefully remove the small red safety cover marked DANGER 115V (fig. 3-37).

(6) Using the multimeter measure the dc voltage across filter connectors FL4
(-) and FL3 (+). A 26 volt dc indication should be obtained.

(7) Set the AC POWER switch to OFF. Reinstall the red safety cover. Replace
power supply 1RE1PS1 if abnormal indications are obtained in either (4) or
(6) above. Refer to chapter 6 of TM 11-5820-540-12 for replacement proce-
dures.

3-35. Electrical Frequency Synthesizer 1RE1A2

NOTE

Troubleshooting electrical frequency synthesizer 1RE1A2
also involves checking the appropriate control-indicator
for the band In use. If abnormal indications are obtained
in any of the following tests, troubleshoot control-indica-
tors 2A2 for Band 1, 33A4 for Band 111, 34A4 for Band 111,
and 39A4 for Band IV as described in paragraphs 3-33, 3-90,
3-114, and 3-153 respectively, before replacing electrical
frequency synthesizer 1RE1A2.
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EL5RE151

Figure 3-37. Radio Receiver 1RE1, Top View.

a. Test Equipment Required.

Equipment

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Counter, Electronic Digital Readout
AN/USM-207

Attenuator, Fixed, 10 dB, AD-1OMN
Load, 51 ohms
Adpater-Connector UG-201A/U

(2 required)

Common name

Power Meter Thermistor Mount

Counter

10 dB attenuator
CMC 335-053
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a. Test Equipment Required - Continued .

Equipment

Adapter-Connector UG-29B/U
Adapter-Connector UG-274/U
Cable Assembly, Special

Electrical
Cable Assembly, Special

Electrical
Cable Assembly, Special

Electrical

Purpose,

Purpose,

Purpose,

Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency

b. Test Setup.

(1)

(2)

(3)

CX-

CX-

CX-

CG-

Common Name

2095/U

2096/U

2100/U

409H/U (4.5 ft.)
CG-3570/U (6 in.)

Remove electrical frequency synthesizer 1RE1A2 as described in
paragraph 3-59.

Remove amplifier-frequency multiplier 1RE1A5 from electrical frequency
synthesizer 1RE1A2 as described in chapter 6 of -

Connect connector P2 of 1RE1A2 to receptacle

TM 11-5820-540-12.

1RE1A1AJ3 of radio
receiver 1RE1, using the CX-12100/U extender cable
3-38.

c. Frequency Measurement .

(1) Connect the test equipment as shown in A, figure

(2) Set the receiver AC POWER switch to ON.

as shown in figure

3-38.

(3) Using the RCVR CHANNEL control on the receiver rf head, sequentially
select the channels indicated in the chart below, and read the
corresponding frequencies on the counter.

Frequency Tolerance
Channel (MHz ) (Hz)

40
51
52

119
120
410

62.500 ± 630.0
63.875 ± 630.0
64.000 ± 640.0
72.375 ± 720.0
48.333 ± 480.O
72.500 ± 720.0

d. Output Power Measurement.—

(1) Disconnect the counter

3-80
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(2)

(3)

TM 11-5820-540-30

Connect the power meter probe to the 10 db attenuator as shown in B, figure
3-38.

Measure the power output at channels 119 and 120. Set the channels using
the RCVR CHANNEL control. The power output indication on the power meter
as shown in the chart below is for modulator-oscillator 1RE1A2A2, Part No.
CMC 456-260.

Channel Power output

119 +12.0 dbm±1 db
120 +16.0 dbm±1 db

NOTE

When electrical frequency synthesizer is equipped with
modulator-oscillator 1RE1A2A2, Part No. CMC 22(1-800159-
000, power output should be +14 dbm±1.5 db at channels
119 and 120.

Figure 3-38. Electrical Frequency Synthesizer 1RE1A2 Operational
Check, Test Setup.

EL5RE152
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e. Conclusion of Operational. Check.

(1) Set the receiver AC POWER switch to OFF. Troubleshoot control
indicator 2A2 as described in paragraph 3-33. If abnormal indications
are obtained in either c or d above, to insure that electrical
frequency synthesizer and not control-indicator 2A2 is defective.

(2) Reinstall amplifier-frequency multiplier 1RE1A5 on 1RE1A2, or on the
1RE1A2 replacement, as described in chapter 6 of TM 11-5820-540-12.
Reinstall 1RE1A2 as described in paragraph 3-59.

3-36. Amplifier-Frequency Multiplier 1RE1A5

a. Test Equipment Required. .

Equipment Common Name

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Counter, Electronic Digital Readout
AN/USM-207

Attenuator, Fixed, 10 dB, Microlab
AD-1OMN

Load, 51 ohms
Adpater-Connector UG-201A/U

(2 required)
Adapter-Connector UG-29B/U
Adpater-Connector UG-274/U
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency

Power Meter Thermistor Mount

Counter

10 dB attenuator

CMC 335-053

CX-12097/U

CG-409H/U (4.5 ft.)
CG-3579/U (6 in.)

b . Test Setup

(1) Remove the receiver rf head from the receiver case and remove the dust
cover as described in chapter 6 of TM 11-5820-540-12.

(2) Connect the receiver rf head to the receiver case, using the
CX-12097/U as shown in figure 3-39.

(3) Disconnect rf head plug P2 (fig. 3-20) from connector J1 (2A1A3P2) on
frequency multiplier 2A1A2A1.

c. Frequency Measurement.

(1) Connect the test equipment as shown in A, figure 3-39.

(2) Set the receiver AC POWER switch to ON.

(3) Using the RCVR CHANNEL control on the receiver rf head, sequentially
select the channels indicated in the chart below and read the
corresponding frequencies on the counter.
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Frequency Tolerance
Channel (MHz ) (Hz)

119 144.750 ± 2400.0
120 96.666 ± 2400.0

d. Output Power.

(1) Connect the test equipment as shown in B, figure 3-39.

(2) Measure the power output at channels 119 and 120. Set the channels using
the RCVR CHANNEL control. The power output indication on the power meter
should be as shown in chart below.

Channel Power output

119 +14 dbm± 1 db
120 +14 dbm± 1 db

Figure 3-39

EL5RE153

Amplifier Frequency Multiplier 1RE1A5 Operational Check, Test Setup.
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e. Conclusion of Operational Checks. Set the receiver AC POWER switch to OFF.
If abnormal indications are obtained in c and d above, replace amplifier-frequencY
multiplier 1RE1A5. Refer to chapter 6 of TM 11-5820-540-12 for replacement proce-
dures.

3-37. Bandpass Filter 1RE1FL1

a. Test Equipment Required.

Equipment Common Name

Generator, Signal, SG1170/U
Voltmeter, Electronic ME-30A/U
Load, 51 ohms
Adpater-Connector UG-274/U
Cable Assembly,

Electrical
Cable Assembly,

Electrical
Cable Assembly,

(2 required))
Cable Assembly,
Cable Assembly,

Special Purpose,

Special Purposes,

Radio Frequency

Radio Frequency
Radio Frequency

Signal Generator
VTVM
CMC 456-053

CX-12095/U

CX-12096/U

CG-409H/U (4.5 ft.)

CG-3578/U (6 in.)
CG-3581/U (6 in.)

b. Operational Check.

(1) Disconnect plug P1 (1RE1FL1J2) (fig. 3-40) from connector J2 of bandpass
filter 1RE1FL1.

(2) Connect the test equipment as shown

(3) Set the signal generator to 30 MHz.

(4) Set the receiver AC POWER switch to

in A, figure 3-41.

ON.

(5) Adjust the output of the signal generator until the VTVM indicates approxi-
-50 dbm.

(6) Adjust the frequency of the signal generator slightly for minimum indica-
tion on the VTVM, and readjust the output level of the signal generator
again for a reading of -50 dbm on the VTVM.

(7) Note the attenuator setting on the signal generator.

(8) Disconnect plug P2 (1RE1FL1J1) from connector J1 of 1RE1FL1.

(9) Connect the test equipment as shown in B, figure 3-41.

(10) Repeat (6) above.

(11) The attenuator setting on the signal generator should not be more than 12
db below the level noted in (7) above.
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(12) Set the AC POWER switch to OFF. If the indication obtained in (11) above
is not within the specified limit, replace bandpass filter 1RE1FL1. Refer
to chapter 6 of TM 11-5820-540-12, for replacement procedures.

3-38. Intermediate Frequency Amplifier 1RE1AR2

Equipment

Meter, Power, ME-441/U with Thermistor
Mount HP-478A

Generator, Signal, SG-1170/U
Adapter-Connector UG-636A/U
Adapter-Connector UG-29B/U
Adapter-Connector UG-201A/U
Cable Assembly, Special Purpose,

Electrical

Common Name

Power Meter Thermistor Mount

Signal Generator

CX-12095/U

E L 5 R E 1 5 4

Figure 3-40. Radio Receiver 1RE1, Bottom and Side View.
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a . Test Equipment  Required-Continued. .

Equipment Common Name

Cable Assembly, Special Purpose, CX-12096/U
Electrical

Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency

CG-409H/U (4.5 ft.)
CMC 217-800000-000

b. Operational Check.

(1) Remove electrical frequency limiter-discriminator 1RE1A4 as described in TM
11-5820-540-12 and connect it to intermediate frequency amplifier 1RE1AR2
using the CMC 217-800000-000 extender cable.

(2) Connect the test equipment as shown in figure 3-42.

Figure 3-41. Bandpass Filter 1RE1FL1 Operational Check, Test Setup.
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(3) Set the signal generator to 300 MHz at a level of -74 dbm.

(4) Set the receiver AC POWER switch to ON.

(5) Tune the receiver to channel 200. The power meter should indicate between
-1.5 dbm and -4.5 dbm.

(6) If the indication in (5) above is outside the specified limits, replace in-
termediate frequency amplifier 1RE1AR2 as described in chapter 6 of TM 11-
5820-540-12.

3-39. Electrical Frequency Limiter-Discriminator 1RE1A4

a. Test Equipment Required.

Equipment Common Name

Generator, Signal, SG1171/U Wide Range Oscillator
Oscilloscope, Dual Trace, OS-261C(V)1/U Oscilloscope

Figure 3-42. Intermediate Frequency Amplifier 1RE1AR2 Operational Check, Test Set.

EL5RE156
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Test Equipment Required-Continued.
a. .

Equipment Common Name

Converter, Signal, Electronic Loop Test Set
CV-2500/GRC

Dummy Load, Electrical Dummy load
DA-437/GRC-103(v)

Adpater-Connector UG-274/U
Cable Assembly, Special Purpose, CX-12095/U

Electrical
Cable Assembly, Radio Frequency CG-409H/U (4.5 ft.)

(2 required))

b. Operating Procedure.

(1) Remove the six screws that secure the bottom cover plate to the case of
electrical frequency limiter-discriminator 1RE1A4. Remove the cover plate.

(2) Set UP the loop test as described in paragraph 3-4, connecting the test. 
equipment as shown in A, figure 3-43.

EL5RE157

Figure 3-43. Electrical Frequency Limiter-Discriminator, 1RE1A4
Operational Check, Test Setup.
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(3) Set the frequency of the wide range oscillator to 10 kHz and adjust the am-
plitude of the output signal to 2 volts peak-to-peak as measured on the os-
cilloscope. Disconnect the oscilloscope from the wide range oscillator,
and connect the oscilloscope probe to 1RE1A4E1 as shown in B, figure 3-43.

(4) Proceed with the loop test procedure as described in paragraph 3-4.

NOTE

Set the transmitter INPUT control for 50 percent of
full scale meter deflection, with the transmitter me-
ter switch in the 24 CH PCM position.

(5) Using the oscilloscope, measure the voltage between ground and terminal El
at the electrical frequency limiter-discriminator 1RE1A4 output. The os-
cilloscope should indicate between 250 and 400 millivolts peak-to-peak.

(6) If the indication in (5) above is outside the specified limits, replace
electrical frequency limiter-discriminator 1RE1A4. Refer to TM 11-5820-
540-12 for replacement procedures.

3-40. Video Equipment 1RE1AR1

a. Test Equipment Required.

Equipment Common Name

Generator, Signal, SG-1171/U
Oscilloscope, Dual Trace, OS-261C(V)/U
Adapter-Connector UG-274/U

(2 required)
Cable Assembly, Radio Frequency

(2 required)
Cable Assembly, Radio Frequency
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Special Purpose,

Electrical (2 required)

Wide range oscillator
Oscilloscope

CG-409H/U (4.5 ft.)

CG-3570/U
CX-12095/U (6 in.)

CX-12096/U

b. Operational Check.—

(1) Remove pulse form restorer 1RE1A3 from radio receiver 1RE1 as described in
chapter 6 of TM 11-5820-540-12.

(2) Connect the test equipment as shown in figure 3-44.

(3) Set the frequency of the wide range oscillator to 10 kHz and adjust the am-
plitude of the output signal to 106 millivolt rms as measured on the VTVM.

(4) Using the oscilloscope probe, measure the open circuit voltage between pin
7 of J2 (X1RE1A3P1) and ground (fig. 3-40). The oscilloscope should dis-
play a 5.6 volt peak-to-peak undistorted 10 kHz sinewave.
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(5) If an abnormal display is obtai
pin 7 of J2 (X1RE1A3PI) and J2

ned in (4) above, check continuity between
X1RE1AR1P1) (FO-4-28 or 4-29).

(6) If the wiring is normal, replace video amplifier 1RE1AR1. Refer to chapter
6 of TM 11-5820-540-12 for replacement procedures.

3-41. Pulse Form Restorer 1RE1A3 (SM-D-698146, CMC Part No. 2445-455624-000)

a. Test Equipmemt Required.

Equipment Common Name

Generator, Signal, SG-1171/U
Oscilloscope, Dual Trace, OS-261C(V)/U
Converter, Signal Frequency, Electronic

CV-1500( )/GRC
Dummy Load, Electrical

DA-437/GRC-103 (v)
Load, 91 ohms
Adapter-Connector UG274/U

(2 required)
Cable Assembly, Radio Frequency

(2 required)

Wide Range Oscillator
Oscilloscope
Loop test set

Dummy load

CMC 335-052

CG-409H/U (4.5 ft.)

Figure 3-44. Video Amplifier 1RE1AR1 Operational Check, Test Setup.
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a. Test Equipment Required-Continued.

Equipment Common Name

Cable Assembly, Special Purpose, CX-12095/U
Electrical

Cable Assembly, Special Purpose, CX-12096/U
Electrical (2 required)

b. Operational Check.

(1)

(2)

(3)

(4)

Remove pulse form restorer 1RE1A3 from radio receiver
chapter 6 of TM 11-5820-540-12.

Connect the test equipment as shown in figure 3-45.

1RE1, as described in

Remove the cover plate of pulse form restorer 1RE1A3, secured to the unit
case with four countersunk screws.

Remove the four screws that secure pulse form restorer 1RE1A3A2 board to
the unit case. Carefullv Dull the board away from the case until terminals
E2 and E7 are accessible; ‘

EL5RE159

Figure 3-45. Pulse Form Restorer 1RE1A3 Operational Check, Test Setup.
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(5)

Set
sca
in .

(6)

(7)

(8)

3-42. Pulse

Proceed with the loop test procedure as described in chapter 6 of TM
11-5820-540-12.

NOTE

the transmitter INPUT control for 50 percent of full
le meter deflection with the transmitter meter switch
he 12 CH PCM position.

Connect the oscilloscope test lead between terminal E2 on pulse form
restorer 1RE1A3A2 board and ground. A 2 volt peak-to-peak square
wave should be displayed on the oscilloscope.

Connect the oscilloscope test lead between terminal E7 on the pulse
form restorer 1RE1A3A2 board and ground. A 2 volt peak-to-peak
positive-going timing spike should be displayed on the oscilloscope
(fig. 3-46).

If abnormal indications are obtained in (6) or (7) above, replace
pulse form restorer 1RE1A3. Refer to chapter 6 of TM 11-5820-540-12
for replacement procedures.

Form Restorer 1RE1A3 (SM-D-99051O, CMC Part No. 245-803110-000)

a. Test Equipment Required.

Equipment

Synthesizer, Function generator HP3325A
Oscilloscope, Dual Trace, OS-261C(V)/U
Converter, Signal Frequency Electronic

CV-2500( )/GRC
Dummy Load, Electrical DA-437/GRC-103(V)
Load, 91 ohms Adapter-Connector UG-274/U

(2 required)
Cable Assembly, Radio Frequency

(2 required)
Cable Assembly, Special Purpose, Electrical
Cable Assembly, Special Purpose, Electrical

(2 required)

Common Name

Synthesizer
Oscilloscope
Loop test set

Dummy load
CMC 335-052

CG-409H/U (4.5 ft.)

CX-12095/U
CX-12096/U
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TM 11-5820-540-30

.

(1) Remove Pulseform Restorer 1RE1A3 from Radio Receiver 1RE1, as
described in Chapter 6 of TM 11-5820-540-12.

(2) Connect the equipment as shown in figure 3-47.

(3) Remove the cover plate (DCDR CLK and PHASE ADJ side) of pulseform
restorer 1RE1A3, secured to the unit case with three countersunk
screws.

(4) Proceed with the loop test procedure as described in Chapter 6,
paragraph 6-10 of the TM 11-5820-540-12.

NOTE

Disregard also paragraphs
540-12 and replace them w

6-10 (29) (30) in the TM 11-5820-
ith steps (5) and (6) below

(5)(a) Set the synthesizer for a square wave output
peak-to-peak.

of 576 kHz at 1.12 v

(b) Adjust the transmitter INPUT control for 50 percent full scale
deflection (FSD) with the transmitter meter switch to the 12 CH PCM
position.

(c) The receiver meter should indicate in the green band with the meter
switch set to 12 CH PCM.

(d) Connect the oscilloscope probe to terminal E13 on electrical
synchronizer board 1RE1A3A4. A 4 volt peak-to-peak square wave
with a period of 3.4 usec should be displayed on the oscilloscope.

(e) Connect the oscilloscope probe to terminal E7 on electrical
synchronizer board 1RE1A3A4. A 2 volt peak-to-peak timing spike
should be observed on the oscilloscope (fig. 3-48) (period of 1.74
usec).

(6)(a) Place termination connector (Part No. 243-800012) on the COMB. OW.
connector on the back of the receiver radio. Set the synthesizer
for a square wave output of 1152 kHz at a level of 1.86 volts
peak-to-peak.

(b) Adjust the transmitter INPUT control for 50 percent FSD with the
transmitter meter switch to the 24 CH PCM position.

(c) The receiver meter should indicate in the green band with the meter
switch set to either 12 CH PCM or 24 CH PCM.

(d) Connect the oscilloscope probe to terminal E13 on electrical
synchronizer board 1RE1A3A4. A 4 volt peak-to-peak square wave
with a period of 1.74 usec should be displayed on the oscilloscope.
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(e) Connect the oscilloscope probe to terminal E7 on electrical
synchronizer board 1RE1A3A4. A 2 volt peak-to-peak timing spike
should be observed on the oscilloscope (period of 0.87 usec).

(7) If abnormal indications are obtained in (5)(c), (d), (e), or (6)(c),
(d), (e) above, replace pulse form restorer 1RE1A3. Refer to Chapter
6 of TM 11-5820-540-12 for replacement procedures.

3-43. Order Wire Unit

NOTE

The complete radio set is required to troubleshoot the
order wire unit boards. Extend amplifier assembly 9A4
and telephone signal coverter 9A3 boards using two CX-
12102/U cables (fig. 3-49).

a. Test Equipment Required.

Equipment Common Name

Voltmeter, Electronic, ME-30A/U VTVM
Converter, Signal Frequency, Electronic Loop test set

CV-2500( )/GRC
Dummy Load, Electrical DA-437/GRC-103(V) Dummy load
Cable Assembly, Special Purpose, CX-12102/U

Electrical

b. Operational Check .

(1) Set up the loop test as described in chapter 6 of TM 11-5820-540-12.

NOTE

It is not necessary to connect multiplex equipment to
the radio set.

(2) Proceed with the loop test procedures described in chapter 6 of TM
11-5820-540-12.

(3) Press order wire unit RING button located on monitor panel 9A2 (fig.
3-49) .

(4) Using the VTVM, measure the power level between TP4 and TP2 (Grid) on
amplifier assembly 9A4. The VTVM should indicate -7.2 dBm ±O.5 db.
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EL5RE160

Figure 3-46. Pulse Form Restorer 1RE1A3, Timing Pulses.

Figure 3-47. Pulse Form Restorer 1RE1A3, Operational Setup.

3-95



TM 11-5820-540-30

2V ACROSS
91 OHM
TERMINATION

1RE1A3A4C22
EMITTER

(E7)

EL5RE310

Figure 3-48. Pulse Form Restorer 1RE1A3, Timing Pulses.
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Figure 3-49. Order Wire Unit, Monitor Panel 9A2.

EL5RE161
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(5) If the indication obtained in (4) above is outside the specified
limits, replace telephone signal converter 9A3.

(6) Press the RING button.

(7) Using the VTVM measure the level at the amplifier assembly 9A4 test
points as shown in the chart below.

Test point Signal Level

TP1 to TP2 . . . . . . . . . . . . . . . . -10 dbm ± 3.O dB
TP9 to TP2 . . .  . . . . . . . . . . . -10 dbm ± 1.0 dB
TP7 to TP2 . . . . . . . . . . . . . . . 24 dbm ±l.O dB

(8) Disconnect Cable Assembly, Special Purpose, Electrical, Branched
CX-10763/GRC-103(V) from the TO RADIO connector of the order wire
unit and connect it to the PATCH THRU connector.

(9) Press RING button.

(10) Using the VTVM, measure the level at the amplifier assembly 9A4 test
points as shown in the chart below.

Test point Signal Level

TP3 to TP2 . . . . . . . . .  . . . . . -10 dbm ±1.0 dB
TP1O to TP2 . . . . . . . . . . . . . . . -10 dbm ± 3.0 dB
TP7 to TP2 . . . . . . . . . . . . . -24 dbm ± 1.0 dB

(11) If abnormal indications are obtained in (10) above, replace amplifier
assembly 9A4.

(12) If abnormal indications persist, refer to higher category maintenance.
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Section III. MODULE REMOVAL AND REPLACEMENT PROCEDURES

3-44. General

When trouble has been localized to a module of the radio set, replace the
defective part as described in paragraphs 3-46 to 3-69. Before installing a
replacement module, always check connector for bent or damaged pins. Do not
tighten the module mounting” screws to press home connec
is encountered in mating connectors, remove the modu
for damage.

3-45. Equipment Required

tors. Whenever difficulty
le and inspect

The following equipment is required for the replacement of
6AR1A3, frequency multiplier assembly 6A2, and power monitor 2A1A5.

Manufacturers
Description number

the connectors

power monitor

Qty

Socket wrench 7/8 inch . . . . . . . . . . . . . . . . . . . . 1 

Cable Assembly, Special Purpose, Electrical . . . . . CX-12094/U . . . . .  . . . 1 

3-46. General Module Replacement Procedures

a. Transmitter, Radio T-983(P)/GRC-103(V) , T-983A(P)/GRC-103(V) or T-98313(P)/GRC-
103TV) Modules. To replace a module first remove radio transmitter TR1 from the
transmitter case as described in chapter 6 of TM 11-5820-540-12. To replace centri-
fugal fan 5A2B1, the transmitter rf head must also be removed from the transmitter
case, as described in chapter 6 of TM 11-5820-540-12.

b. Amplifier-Frequency Multiplier AM-4320/GRC-103(V ), AM-4320A/GRC-103(V) and AM-
4320B/GRC-103(V) Modules. To replace a module first remove the transmitter rf head
from the transmitter case. as described in chapter 6 of TM 11-5820-540-12. then re-
move the transmitter rf head dust cover, which is secured to the unit- with nine
screws. Reinstall the dust cover after replacing the faulty module.

c. Receiver, Radio R-1329(P)/GRC-103(V), R-1329A(P)/GRC-103(V)
GRC-103(V)

or R-1329B(P)/
Modules. To replace module remove radio receiver from the receiver

case as described in chapter 6 of TM 11-5820-540-12.

d. Amplifier-Converter AM-4316/GRC-103(V) or AM-4316A/GRC-103(V) Modules. To re-
place a module of this unit, first remove the receiver rf head from the receiver
case, as described in chapter 6 of TM 11-5820-540-12, then remove the receiver rf
head dust cover, which is secured to the unit with twelve screws and two hexagonal
nuts on the locating pins. Reinstall the dust cover after replacing the faulty mod-
ule.
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e. Receiver-Transmitter, Order Wire RT-773/GRC-103(V) Modules. Replacement of
telephone signal converter 9A3 and amplifier assembly 9A4 is covered in chapter 6 of
TM 11-5820-540-12.

3-47. Replacement of Amplifier-Monitor 5TR1A5, Alarm Control 5TR1A3 and Centrifugal
Fan 5A2B1

Replacement of the amplifier-monitor and the alarm control is covered in chapter 6,
TM 11-5820-540-12. Refer to section X of this chapter for the centrifugal fan.

3-48.

a.—

b.

c.—

d.—

e.—

f.—

3-49.

a.—

b.

c.—

d.—

e.

Replacement of Electrical Frequency Synthesizer 5TR1A2

Place radio transmitter 5TR1 bottom side up and locate 5TR1A2 (fig. 3-3).

Loosen the four green-circled screws and lift 5TR1A2, together with amplifier-
monitor 5TR1A5 and amplifier-frequency multiplier 5TR1A4, straight up from the
chassis to disengage the connectors. If the connectors do not separate easi-
ly, pry the chassis and modules apart with a screwdriver but do not touch the
mating connectors.

Locate and loosen the two green-circled mounting screws that secure amplifier-
monitor 5TR1A5 to 5TR1A2 and remove the module.

Loosen the two green-circled mounting screws that secure amplifier-frequency
multiplier 5TR1A4 to 5TR1A2 and pull straight away to disengage the connec-
tors.

To install the 5TR1A2 replacement module, first mount and secure 5TR1A4 on 5T-
R1A2. Then place 5TR1A2 in position over its chassis connector and press down
to engage the connector. Tighten the four mounting screws.

Reinstall amplifier-monitor 5TR1A5, as described in chapter 6 of TM 11-5820-
540-12.

Replacement of Amplifier-Frequency Multiplier 5TR1A4

Replacement of 5TR1A4 is a second-order removal. Electrical frequency synthe-
sizer 5TR1A2 must be removed first, as described in paragraph 3-48.

Loosen the two green-circled mounting screws that secure 5TR1A4 to 5TR1A2;
pull 5TR1A4 straight away from 5TR1A2 to disengage the connectors.

To install the 5TR1A4 replacement module, place the module in position against
5TR1A2. then press in until the connectors are fully engaged. The holes for
the mounting screws are not properly al
engaged.

Tighten the two mounting screws.

Reinstall 5TR1A2 with its attached modul

ined unless the 

es as described 

connectors are fully

in paragraph 3-48.
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a.—

b.—

c.—

d.—

3-51.

a.

b.—

c.—

d.

e.—

f.—

g.

3-52.

a.—

b.—

c.

d.—

e.—

TM 11-5820-540-30

Replacement of Power Supply 5TR1PS1

Replacement of 5TR1PS1 is a second-order removal. Electrical frequency syn-
thesizer 5TR1A2 must be removed first as described in paragraph 3-48.

Locate and loosen the eight green-circled screws that secure 5TR1PS1 to the
chassis. Place radio transmitter 5TR1 upright and lift 5TR1PS1 straight up
from the chassis until the large multipin connector is disengaged.

To install the 5TR1PS1 replacement module, place it in position above the
chassis then press straight down until the connector is fully engaged. Turn
radio transmitter 5TR1 on its left or right side and tighten the eight mount-
ing screws securing 5TR1PS1 to the chassis.

Place radio transmitter 5TR1 bottom side up and reinstall 5TR1A2 with its
attached modules, as described in paragraph 3-48.

Replacement of Alarm Control 5TR1A1A2

Place radio transmitter 5TR1 bottom side up and locate alarm control 5TR1A1A2
(fig. 3-3).

Locate electrical frequency synthesizer 5TR1A2 and remove it, with associated
modules, as described in paragraph 3-48.

Unsolder, and identify with tags, the wires at terminals E1 and E14 and E17.

Loosen the two mounting screws and remove the 5TR1A1A2 board.

Install the new 5TR1A1A2 board and tighten the two mounting screws.

Reconnect and resolder the wires removed in c above.

Reinstall 5TR1A2, with its attached modules, as described in paragraph 3-48.

Replacement of Buzzer 5TR1A1DS5

Place radio transmitter 5TR1 bottom side up and locate buzzer 5TR1A1DS5 (fig.
3-3).

Locate el
modules,

Unsolder
the leads.

ectrical frequency synthesizer 5TR1A2 and remove it, with associated
as described in paragraph 3-48.

the two wires from the 5TR1A1DS5 terminals; note the polarity and tag
Loosen the green-circled screws and remove 5TR1A1DS5.

To install the 5TR1A1DS5 replacement module, position the module over the two
mounting holes and tighten the mounting screws. Resolder the two wire leads
to their appropriate terminals.

Reinstall 5TR1A2 with its attached modules as described in paragraphs 3-48.
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3-53. Replacements of Electronic 

Replacement of electronic switch 
6 of TM 11-5820-540-12.

3-54.

a.

b.—

c.—

d.

3-55.

a.

b.—

c.

d.

e.

f.

3-56.

Replacement of Low Pass Fil

Place the transmitter rf he
on the right-hand side.

Switch 6A1 and Control-Indicator 6A3

6A1 and control-indicator 6A3 is covered in chapter

ter 6AR1A2FL1

ad top side up and locate low-pass filter 6AR1A2FL1

Disconnect the two rf leads, P1 (6AR1A1J2) and P2 (XAR1A3J1), from their re-
spective mating connectors.

Loosen the two green-circled mounting screws that secure 6AR1A2FL1 to the
chassis. Remove 6AR1A2FL1.

To install the 6AR1A2FL1 replacement module, position the module over the two
mounting holes and tighten the mounting screws. Connect plugs P1 (6AR1A1J2)
and P2 (XAR1A3J1), at the ends of rf leads, to mating connectors J2 of ampli-
fier subassembly 6AR1A1 and J1 of power monitor

Replacement of Power Monitor 6AR1A3

Place the transmitter rf head top side up and 
the top right side.

6AR1A3 respectively.

locate power monitor 6AR1A3 at

On the front panel of the transmitter rf head, loosen and remove the hexagonal
nut that secures the PWR OUT connector to the front panel.

Loosen the two screws that secure plug P1 (XW1J3) to its connector. Discon-
nect the P2 (XAR1A3J1) lead from connector J1 of 6AR1A3 (fig. 3-14).

Remove the four screws that secure power monitor 6AR1A3 to its bracket and re-
move the module.

To install the 6AR1A3 replacement, slide connector J2 of the power monitor in-
to the PWR OUT opening in the front panel
Secure 6AR1A3 to its mounting bracket with

NOTE

The PWR OUT connector must be

and secure with the hexagonal nut.
four screws.

well secured before
tightening the 6AR1A3 mounting screws.

Connect the P2 (XAR1A3J1) rf lead to connector J1 of 6AR1A3. Connect plug P1
(XW1J3) to connector 6W1J3 on the chassis and secure with two screws.

Replacement of Frequency Multiplier Assembly 6A2

NOTE

Replacement of frequency multiplier assembly 6A2 re-
quires electromechanical alinement and should not be
attempted unless absolutely necessary.
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NOTE

Rf Power Level Control 6A5 is not part of AM-4320A/GRC-
103(V) or AM-4320B/GRC-103(V).

a. Equipment Required.

Equipment Common Name

Dummy Load, Electrical DA-437/GRC-103(V) Dummy load
Cable Assembly, RF CG-3444/U

(1 ft. 6 in.)
Cable Assembly, Special Purpose, CX-12094/U

Electrical

b. Set the transmitter rf head XMTR TUNE and XMTR CHANNEL controls to channel
340.

c. Set the transmitter rf head top side up and locate frequency multiplier assem-
   bly 6A2 (fig. 3-6). Locate electronic switch 6A1 and disconnect the rf leads

from the J1, J2, J3, J4 and J6 connectors. Disconnect the rf lead from the
6W2J1 chassis connector (from rf power level control 6A5). Disconnect the rf
lead from the J2 connector of rf power level control 6A5.

d. Loosen the four red-circled screws that secure frequency multiplier assembly
6A2 to the chassis. Slide 6A2 away from the front panel to disengage the
flexible drive shaft. Remove the module from the transmitter rf head.

e. Loosen the two green-circled screws that secure rf power level control 6A5 to
frequency multiplier assembly 6A2. Remove the 6A5 module.

f. To install the 6A2 replacement module, first secure rf power level control 6A5
to frequency multiplier assembly 6A2 replacement with the two screws pro-
vided.

g. Set the transmitter rf head XMTR TUNE and XMTR CHANNEL controls to channel
340.

NOTE

The 6A2 replacement module is shipped with its shaft
clamped to channel 340. Remove the throwaway clamp
carefully to avoid disturbing the shaft position.

h. Lower the 6A2 replacement module into position on the chassis but do not con-
  nect it to the flexible drive shaft. Connect the rf leads to electronic

switch 6A1 as shown in the chart below:
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Rf lead Connects to 6A1 connector

P4(XA1J1) J1
P3(XA1J2) J2
P2(XA1J3) J3
P1(XA1J4) J4

NOTE

In Amplifier-Frequency Multiplier AM1-4320A/GRC-103(V)
and AM-4320B/GRC-103(V), the connections are as shown
below:

Rf lead Connects to 6A1 connector

P4(6A1J1) J1
P3(6A1J2) J2
P2(6A1J3) J3
P1(6A1J4) J4

i. Connect the P1 (XA1J6) and P2 (6W2J1) rf leads of 6A5 to connector J6 of 6A1
and to chassis connector 6W2J1 respectively. Connect P1 (6A5J2) rf lead to
connector J2 of 6A5.

Connect the dummy load to the PWR OUT connector of the transmitter rf head
using Cable Assembly, RF CG-3444/U (1 ft. 6 in.). Connect cable CX-12094/U
between the transmitter case and the transmitter rf head.

 j.

WARNING

k.

 l.

m.

n.

Do not touch the exposed filter-connectors on connec-
tor filter assembly 6AR1A2A3. Dangerous voltages
exist at these filter-connectors.

Set the transmitter meter switch to the MULT position and the AC POWER switch
to ON/RESET.

Carefully rotate the shaft of frequency multiplier assembly 6A2 until a maxi-
mum indication is obtained on the transmitter meter. It should not be neces-
sary to rotate the shaft more than 90 degrees from its original position.

Set the transmitter meter switch to the DRIVER and PWR OUT positions in turn,
and check to see that the meter indicates between 25 percent and 90 percent of
full scale when using the transmitter rf head PWR OUT PEAK control.

If the meter indication in m above cannot be obtained, repeat 1 above.
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o.—

p.

q.

r.—

s.

t .—

u.

v.—

w .

3-57.

a .—

b.—

c.—

d.—

Set the AC POWER switch to OFF.

Carefully slide the shaft of frequency mul
coupling of the flexible drive shaft. Secure 
screws provided.

Set the AC POWER switch to ON/RESET.

tiplier assembly 6A2 into the
6A2 to the chassis with the four

Set the XMTR TUNE and XMTR CHANNEL controls to channel 40.

Set the transmitter meter switch to MULT position. Check to see that the me-
ter indicates between 25 percent and 90 percent of full scale.

Set the meter switch to the DRIVER and PWR OUT positions in turn, and check to
see that the meter indicates between 25 percent and 90 percent of full scale
when tuning the PWR OUT PEAK control.

If the meter indications are below normal in MULT, DRIVER and PWR OUT posi-
tions, reset the XMTR TUNE and XMTR CHANNEL controls to channel 340 and repeat
steps 1 through t above.— —

Repeat steps through t above for channels 179, 180 and 400.

Set the AC POWER switch to OFF. Disconnect the CX-12094/U cable from the
transmitter case and the transmitter rf head. Disconnect the dummy load,
from Cable Assembly, RF CG-3444/U (1 ft. 6 in.).

Replacement of Rf Power Level Control 6A5

NOTE

Used only in Amplifier-Frequency Multiplier AM-4320/
GRC-103(V).

Place the transmitter rf head upright and locate 6A5 (fig. 3-6).

Disconnect the rf lead from chassis connector 6W1J1, and the rf lead from con-
nector J6 of electronic switch 6A1.

Loosen and remove the two green-circled screws and remove the 6A5 module.

Install the new 6A5 module and tighten the two green-circled mounting screws.
Connect the P2 (6W1J1) lead to chassis connector 6W1J1 and the P1 (QA1J6) lead
to the connector of electronic switch 6A1.

3-58. Replacement of Power Supply 1RE1PS1, Pulse Form Restorer 1RE1A3, Electrical
Frequency Limiter-Discriminator 1RE1A4, Intermediate Frequency Amplifier 1RE1-
AR2, Amplifier-Frequency Multiplier 1RE1A5, Bandpass Filter 1RE1FL1 and Video
Amplifier 1RE1AR1

Replacement of these modules is described in chapter 6 of TM 11-5820-540-12.
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3-59.

a.—

b.

c.

d.—

e.—

3-60.

a.—

b.

c.—

d.

e.—

f.—

g.

3-61.

a.—

b.—

c.—

3-106

Replacement

Place radio
connect the
J1 of video

of Electrical Frequency Synthesizer 1RE1A2

receiver 1RE1 bottom side up and locate 1RE1A2 (fig. 3-40). Dis-
leads from connector J2 of bandpass filter 1RE1FL1 and connector
amplifier 1RE1AR1.

Loosen the four green-circled screws and lift 1RE1A2 with the attached modules
straight up from chassis to disengage the connectors. If the connectors do
not separate easily, pry chassis and module apart with a screwdriver but do
not touch the mating connectors.

On 1RE1A2, locate pulse form restorer 1RE1A3, electrical frequency limiter-
discriminator 1RE1A4, intermediate frequency amplifier 1RE1AR2, amplifier-
frequency multiplier 1RE1A5 and bandpass filter 1RE1FL1. Remove each of these
modules as described in chapter 6 of TM 11-5820-540-12.

To reinstall the 1RE1A2 replacement module, first attach the modules listed in
c above to 1RE1A2, as described in chapter 6 of TM 11-5820-540-12. Place 1RE-
1A2 in position on the chassis and press straight down to engage the connec-
tors. Tighten the four mounting screws.

Connect the P1 (1RE1FL1J2) rf lead to connector J2 of 1RE1FL1, and plug P2
from 1RE1A4 to connector J1 of 1RE1AR1.

Replacement of Buzzer 1RE1A1DS5

Place radio receiver 1RE1 upright and locate module 1RE1A1DS5 (fig. 3-37) be-
hind the front panel.

Remove power supply 1RE1PS1 as described

Unsolder the two leads from the 1RE1A1DS5
the leads.

Loosen the two screws holding the buzzer

in chapter 6 of TM 11-5820-540-12.

terminals; note the polarity and tag

to the chassis.

To install the 1RE1A1DS5 replacement module place buzzer over the two mounting
holes and tighten the mounting screws.

Resolder the two leads to their proper terminals.

Reinstall power supply 1RE1PS1 as described

Replacement of Control Alarm 1RE1A1A2

Place radio receiver 1RE1 top side up and -

the front panel.

Remove power supply 1RE1PS1 as described in

Remove circuit card assembly 1RE1A1A3 mount
from 1RE1A1A2.

in chapter 6 of TM 11-5820-540-12.

ocate 1RE1A1A2 (fig. 3-37) behind

chapter 6 of TM 11-5820-540-12.

ing screws and pull 1RE1A1A3 away



d.—

e.—

f.—

g.

h.—

3-62.
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Remove the two mounting screws and pull 1RE1A1A2 free of the monitor panel 1R-
E1A1.

Unsolder and tag the leads from 1RE1A1A2 terminals. Remove 1RE1A1A2.

Position the new 1RE1A1A2 above its mounting posts. Reconnect and solder the
wires removed in e above.—

Reposition 1RE1A1A2 and secure with the two mounting screws.

Reinstall power supply 1RE1PS1 as described in chapter 6 of TM 11-5820-540-12.

Replacement of Control-Indicator 2A2, Signal Level Control Monitor 2A4, Elec-
tronic Switch 2A4, Power Supply 2PS1 and Intermediate Frequency Amplifier 2A1-
A2 AR 1

Replacement of these modules is described in chapter 6 of TM 11-5820-540-12.

3-63.

a.—

b.—

c.

d.—

e.—

3-64.

a.—

b.—

c.—

d.

e.—

Replacement of the Radio Frequency Amplifier 2A1AR1

Place the receiver rf head bottom side up and locate radio frequency amplifier
2A1AR1.

Locate the module extractor tool stored on the chassis (fig. 3-22).

Disconnect the two rf leads from connectors J1 and J2 on 2A1AR1.

Loosen the four green-circled mounting screws of 2A1AR1 and use the extractor
tool to remove the module.

To install the 2A1AR1 replacement module, position the module over the four
mounting holes and press down to engage the connector. Tighten the mounting
screws. Connect the P1 (2A1AR1J2) lead to connector J2 and the P2 (2A1AR1J1)
lead to the connector J1 on radio frequency amplifier 2A1AR1.

Replacement of Power Monitor 2A1A5 (AM-4316/GRC-103(V))

Removal of 2A1A5 is a second-order removal. Control-indicator 2A2 must be re-
moved first, as described in chapter 6 of TM 11-5820-540-12.

Place the receiver rf head bottom side up and locate 2A1A5 (fig. 3-18).

Disconnect connector J1 (ANT.) from the front panel. Disconnect the power
monitor rf lead from connector J1 of impedance matching network 2A1A1Z1.

Loosen the two screws that secure plug P1 (XA1W4J2) to its mating connector
and disconnect the plug.

Loosen the three green-circled mounting screws that secure the power monitor
2A1A5 mounting bracket to the chassis and lift up 2A1A5 with the bracket
attached. Remove the four screws that secure 2A1A5 to the bracket.
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f.—

g.

h.

i.

j.

k.

3-65.

a.—

b.

c.—

d.—

e.—

f.—

g.

h.

i.—

j.

k.—

To install the 2A1A5 replacement module, first attach the replacement to the
mounting bracket.

Connect plug P1 (XA1W4J2) to chassis connector 2A1W4J2 and tighten the two
plug screws.

Slide connector J1 (ANT.) at the end of’ the rf lead through the ANT. opening
in the front panel and secure with the hexagonal nut.

Connect plug P2 (XA1A1Z1J1) at the end of the rf lead to connector J1 of impe-
dance matching network 2A1A1Z1.

Position the replacement module, with the mounting bracket attached, over the
three mounting holes and tighten the mounting screws.

Reinstall control-indicator 2A2, as described in chapter 6 of TM 11-5820-540-
12.

Replacement of Power Monitor 2A1A5 (AM-4316A/GRC-103(V))

Removal of 2A1A5 is a second-order removal. Control-indicator 2A2 must be re-
moved first, as described in TM 11-5820-540-12.

Place the receiver rf head bottom side up and locate 2A1A5 (fig. 3-22).

Disconnect connector J1 (ANT.) from the front panel. Disconnect the power
monitor rf lead from connector J1 of impedance matching network 2A1A1Z7.

Loosen the two screws that secure plug P1 (2A1W4J2) to its mating connector
and disconnect the plug.

Remove the three green-circled mounting screws that secure the power monitor
2A1A5 mounting bracket to the chassis and lift up 2A1A5 with the bracket
attached. Remove the four screws that secure 2A1A5 to the bracket.

To install the 2A1A5 replacement module, first attach the replacement to the
mounting bracket. With the four screws removed in e above, secure the mount-
ing bracket to the 2A1A5.

Connect plug P1 (2A1W4J2) to chassis connector 2A1W4J2 and tighten the two
plug screws.

Slide connector J1 (ANT.) at the end of the rf lead through the ANT. opening
in the front panel and secure with the hexagonal nut.

Connect plug P2 (2A1A1Z7J1) at the end of the rf lead to connector J1 of impe-
dance matching network 2A1A1Z7.

Position the replacement module, with the mounting bracket attached, over the
three mounting holes and tighten the mounting screws.

Reinstall control-indicator 2A2, as described in TM 11-5820-540-12.
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a.—

b.—

c.—

d.

3-67.

a.—

b.—

c.—

d.—

e.

f.—

g.

h.—

i.—

3-68.

a.

b.

TM 11-5820-540-30

Replacement of Frequency Mixer Stage 2A1A2A2

Place the receiver rf head upright and locate 2A1A2A2 (fig. 3-20).

Disconnect the rf lead from connector J2 on 2A1A2A2.

Loosen the four green-circled screws and lift up frequency mixer stage 2A1A2A2
from the chassis using the module extractor tool.

To install the 2A1A2A2 replacement module, position the module over the four
mounting holes and press straight down to engage the connectors. Tighten the
mounting screws. Reconnect plug P1 (XA1A2A2J2) at the end of the rf lead to
connector J2 on 2A1A2A2.

Replacement of Low Pass Filter 2A1A1FL1 (AM-4316/GRC-103(V))

Place the receiver rf head upright and locate low pass filter 2A1A1FL1 at rear
(fig. 3-20). Disconnect the two rf cables connected to connectors J2 and J1
of low pass filter 2A1A1FL1.

Disconnect P3 (2A1A1A1J2) from 2A1A1A1J2.

Remove the four green-circled mounting screws on power supply 2PS1 and remove
2PS1 by pulling it away from chassis to allow access to one mounting screw of
2A1A1FL1.

Remove the two countersunk mounting screws of 2A1A1FL1 and remove 2A1A1FL1
through the access hole located at the bottom of the left side of the chas-
sis.

Insert the replacement 2A1A1FL1 through the access hole at the bottom of the
left side of the chassis and secure it to the chassis using the two counter-
sunk screws.

Replace power supply 2PS1 by plugging P1 of 2PS1 into J5 (XPS1P1) and replace
the four green-circled mounting screws removed in c above.

Connect the P2 (2A1A1FL1J1) cable to connector J1 of low pass filter 2A1A1-
FL1.

Connect the P2 (2A1A1A1J2) cable to the 2A1A1A1J2 bulkhead connector (fig. 3-
20).

Connect the P1 (2A1A1FL1J2) cable to connector J2 of low pass filter 2A1A1-
FL1.

Replacement of Low Pass Filter 2A1A1FL1 (AM-4316A/GRC-103(V))

Place the receiver rf head upright and locate low pass filter 2A1A1FL1 at rear
(fig. 3-24). Disconnect the rf cable connected to connector J2.

Disconnect rf cable connected to J1 of low pass filter 2A1A1FL1.
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c.—

d.—

e.—

f.—

g.

h.—

i.—

3-69.

a.—

b.—

c.—

d.—

e.—

f.—

g.

3-70.

Disconnect P3 (2W2) from 2A1A1J2.

Place receiver rf head with bottom

Remove the two countersunk mount
through the access hole located at

side facing out and left side up.

ing screws of 2A1A1FL1 and remove 2A1A1FL1
the top of the left side of the chassis.

With receiver rf head placed with bottom side facing outward and left side up,
insert the replacement 2A1A1FL1 through the access hole at the top of the left
side of the chassis and secure it to the chassis using the two countersunk
screws.

Place receiver rf head upright and connect plug P4 of cable 2W1 to connector
J1 of low pass filter 2A1A1FL1.

Connect the cable P1 (2A1A1FL1J2) to J2 of low pass filter 2A1A1FL1.

Connect the plug P3 of cable 2W2 to bulkhead connector 2A1A1J2 (fig. 3-24).

Replacement of Buzzer 9A1DS1

Loosen the four green-circled captive screws that secure the rear panel of the
order wire unit case.

Pull the rear panel away from case (fig. 3-48). Locate buzzer 9A1DS1 on rear
panel.

Unsolder the two leads connected to 9A1DS1; tag the leads.

Loosen the two screws

To install the 9A1DS1
ing holes and tighten

that hold 9A1DS1 to the rear panel.

replacement module, place the buzzer over the two mount-
the mounting screws.

Resolder the two leads to 9A1DS1; observe correct polarity of leads.

Reinstall the rear panel and tighten the four green-circled mounting screws.

Section IV. TROUBLESHOOTING (BAND II)

General

This section contains the systematic troubleshooting procedures required to section-
alize a fault in the radio set and to trace the fault to the defective module or
part. Meter readings may help in locating faults without the help of test equipment
or measuring circuits. Operational tests frequently indicate the general location
of trouble and in many instances help in determining the nature of the fault. The
operational check, loop testing procedure and the troubleshooting charts contained
in TM 11-5820-540-12 are suitable starting points. The modified loop test proce-
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dure, troubleshooting charts and signal substitution procedures enable direct sup-
port personnel to quickly localize the faulty module. Replacement of one or more
suspected defective modules may be a quick and effective method of repairing a radio
set in emergency conditions.

3-71. Loop Test Procedure

3-72. Transmitter Troubleshooting

CAUTION

The transmitter rf head when extended must be air cooled during
tests; a cooling fan must be pointed toward the power amplifier
tubes at all times. If a coolng fan is not available the trans-
mitter rf head must not be operated for longer than 5 minute
periods. Another alternative is to place the transmitter rf head
back into the transmitter case while troubleshooting radio trans-
mitter 5TR1.

a. General. The troubleshooting chart contains troubleshooting procedures
for radio transmitter 5TR1 and the transmitter rf head. Paragraphs 3-74 through
3-79 contain test procedures for the transmitter rf head only. Refer to paragraphs
3-8 through 3-12 for test procedures for radio transmitter 5TR1. For more
effective troubleshooting of the transmitter remove the transmitter rf head and
radio transmitter 5TR1 from the transmitter case. Remove the transmitter rf head
dust cover. Connect the transmitter rf head to the transmitter case using
CX-12094/U extender cable and connect radio transmitter 5TR1 to the transmitter
case using CX-12092/U and CX-12093/U extender cables. Connect the transmitter to a
115 volts, 47 to 420 Hz source and proceed to troubleshoot the transmitter.
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CAUTION

The transmitter rf head PWR OUT connector must be
connected to the dummy load during troubleshooting.
Damage to the equipment will result if this is not
done.

NOTE

There are two models of Amplifier-Frequency Multiplier
distinguished by nomenclatures AM-4321/GRC-103(V) and
AM-4321A/GRC-103(V). Unless otherwise indicated this
paragraph refers-to both units.

b. Transmitter Troubleshooting Chart.

Symptom

1. When AC POWER switch
is set to ON/RESET
centrifugal fan
does not start, AC
POWER and LOW
POWER lamps do not
light, buzzer does
not sound.

2. 28 VDC and 12 VDC
metering reads
negative, all
other metering
zero, LOW POWER
and SYNC lamps
light.

3. 12 VDC reads nega-
tive, 28 VDC full
scale, 600 VDC
high, DRIVER nor-
mal , all other
metering zero.
LOW POWER and SYNC
lamps light.

Probable cause

a. Defective power supply
5TR1PS1 (fig. 3-1).

b. Defective switch 5TR1-
A1CB1 (fig. 3-3).

Short circuit.

Short circuit.

Checks and
corrective measures

a. Check for 115 vac at
connector J3 (5TR1PS1P1)
pins 6 and 7 (para 3-8).
If voltage is present,
replace 5TR1PS1 (para 3-
50).

b. If voltage not present in
a above, check for 115
vac at switch LINE and
LOAD terminals. If in-
dications are normal
make wiring continuity
checks (FO-4-43).

Check for short on 28 v
supply line (FO-4-43,
4-68) .

Check for short on 12 v
supply line (FO-4-43,
4-68) .
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b. Transmitter Troubleshooting Chart - Continued.

Symptom

4. All metering reads
zero, all lamps
are inoperative,
centrifugal fan
operates.

5. 28 VDC normal or
zero, 12 VDC nor-
mal, DOUBLER,
MULT, DRIVER and
PWR OUT low, OSC
high. LOW POWER
and SYNC lamps
light.

6. When AC POWER switch
is set to ON/
RESET, centrifugal
fan does not
start; AC POWER,
LOW POWER, and
OVERHEAT lamps
light; buzzer
sounds.

Probable cause

Short circuit.

Open circuit.

a. Defective centrifugal”
fan 5A2B1 (section
X).

b. Defective power supply
5TR1PS1 (fig. 3-1).

Checks and
corrective measures

a. Check for short on 26 v
supply line (FO-4-43,
4-68) .

b. Check for short on 600 v
supply line (FO-4-43,
4-68) .

Check for open 28 v supply
(FO-4-43, 4-68).

a. Check for 140 vac at con-
nector J5 (5A2B1P1) pins
1 and 2 (transmitter
case). If voltage is
present replace 5A2B1
(section X).

b. (1) Check for 140 vac at
power supply filter
terminals FL5 and
FL6 of 5TR1PS1
(figs. 3-1, 3-2).
If no voltage is
present replace 5TR-
1PS1 (para 3-50).

(2) If voltage is present
at FL5 and FL6 of
5TR1PS1 but not at
pins 1 and 2 of con-
nector J5 (5A2B1P1)
in the transmitter
case, remove 115 vac
power source and
check for continuity
between these two
points (FO-4-43).
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b. Transmitter Troubleshooting Chart-Continued.

Symptom

7. When AC POWER switch
is set to ON/RESET,
centrifugal fan does
not start. OVERHEAT
lamp is not on.
Buzzer may or may
not sound. All other
indications normal.

8. Buzzer does not
sound when an alarm
lamp lights or goes
out

9. SYNC lamp does not
go out within 10
seconds after AC
POWER switch is set
to ON/RESET.

10. When AC POWER switch
is set to ON/RESET
at room temperature,
centrifugal fan
operates full speed.
(Case CY-4637A
only.)

OVERHEAT lamp does
not go off within
10 seconds.

3-114

Probable cause

a. Defective OVERHEAT lamp
5TR1A2A2DS4.

b. Defective pressure
differential monitor
5A2A2 .

a. Defective buzzer 5TR-
1A1DS5 (fig. 3-3).

b. Defective switch 5TR-
1A1S2 (fig. 3-3).

c. Defective alarm control
5TR1A1A2 (fig. 3-3).

a. Defective synthesizer
5TR1A2 (fig. 3-3).

b. Defective power supply
5TR1PS1 (fig. 3-1).

a. Defective control mon-
itor temperature
sensor 5A2A2.

b. Defective pressure
differential monitor
5A2A2 .

Checks and
corrective measures

a. Change indicator lamp
5TR1A2A2DS4.

b. Replace 5A2A2 (section
X).

a. Check for +26 vdc at buz-
zer terminals. If vol-
tage is present replace
the buzzer (para 3-52).

b. Higher category of main-
tenance is required.

c. If continuity is broken
because of 5TR1A1A2,
replace 5TR1A1A2 (para
3-51).

a. Extend the synthesizer
(para 3-10) and check
for +12 v, 26 v (N) and
+28 v at J1 (X5TR1A2P2)
(fig. 3-3). If normal
indications are obtain-
ed, replace synthesizer
5TR1A2 (para 3-48).

b. If indications in a above
are abnormal, check 5TR-
1PS1 (para 3-8). If ab-
normal indications are
obtained replace 5TR1PS1
(para 3-50).

a. Check sensor connections.
If connections are not
defective, replace
5A2A2 (Section X).

b. Replace 5A2A2 (Section
X).
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b. Transmitter Troubleshooting  Chart - Continued.

Symptom

11. DRIVER metering greater
than 100%.

12. LOW POWER lamp does not
go out within 60 second:
after AC POWER switch is
set to ON/RESET. PWR
OUT position reads low.

13. LOW POWER light does not
go out within 60 second!
after AC POWER switch is
set to ON/RESET. PWR
OUT position reads low,
DRIVER position reads
high.

Probable Cause

Short circuit in vol-
tage regulator
assembly 37AR1A1A1
or rf ampl
37AR1A1AR
3-51).

ifier
(fig.

a. Defective rf power
monitor 37AR1A2
(fig. 3-51).

b. Defective low pass
filter 37AR1A1FL1
(fig. 3-51).

c. Defective radio
frequency ampli-
fier 37AR1AR1
(fig. 3-51).

No output cathode re-
gulation.

Checks and
Corrective Measures

Replace voltage regulator
assembly and two electron
tubes. If indication be-
comes normal, replace
one original tube. If
the indication still re-
mains normal, replace the
other original tube. If
indications still remain
normal, then only the
voltage regulator assembly
37AR1A1 was shorted. If
the indication after re-
placement of the tubes and
voltage regulator assembly
does not become normal,
higher category of maint-
enance is required.

a. Measure power (26
watts) at P2 (37AR1A-
2J1) (fig. 3-51). if
normal, check 37AR1A2
(para 3-79).

b. If power indication at
37AR1A1FL1J2 is ab-
normal, measure the
power at P2 (37AR1A1-
FL1J1) (para 3-76).
If normal, check
37AR1A1FL1 (para
3-78) .

c. if abnormal indication
is obtained in b
above, measure the
power at 37A1J2 (para
3-75). if normal,
higher category maint-
enance is required.

Remove transmitter 5TR1
and measure the resis-
tance from pin 30 of
connector J8 X5TR1A1A1P3
(transmitter case)
(section X) to ground
approximately 12 ohms).
If normal, replace 5TR1-
PS1 (para 3-50). If ab-
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b. Transmitter Troubleshootihng Chart- Continued.

Symptom

13. Continued.

14. LOW POWER light does not
go out within 60 seconds
after AC POWER switch is
set to ON/RESET. PWR
OUT position reads low,
DRIVER position reads
low.

Probable Cause

a. Defective vo
regulator
37AR1A1A1
3-51).

ltage

fig.

b. Defective amplifier
subassembly 37AR-
1AR1 (fig. 3-51).

c. No driver cathode
voltage.

Checks and
Corrective Measures

normal, check voltage
regulator assembly 37AR1
A1A1 (para 3-77).

a. (1) Measure the power
(3.5 watts mini-
mum) at 37AR1AR1J3
(fig. 3-51). If
normal check the
voltage at TP2 and
TP4 of 37AR1A1A1
(para 3-77). If
normal, disconnect
the transmitter rf
head and measure
the resistance be-
tween TP2 and TP4
of voltage regula-
tor assembly 37AR-
1A1A1 (fig. 3-51)
(should be 1.5 ohms
approximate y).

(2) If voltage at TP2
and TP4 is abnor-
mal check the out-
put heater/output
cathode circuit of
5TR1PS1 (para 3-8)

(3) If 5TR1PS1 check is
normal, check con-
tinuity of output
heater/output
cathode wiring be-
tween 5TR1PS1 and
transmitter rf
head (FO-4-43
and 4-68).

b. If the power at 37AR1A-
R1J3 (para 3-76) is
abnormal, higher cate-
gory of maintenance is
required.

c. Remove the radio trans-
mitter 5TR1 from the
case and measure the
resistance from pin 29
of connector J8 (X5TR-
1A1A1P3) (section X) to
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b. Transmitter Troubleshooting-Continued .

Symptom

14. Continued.

15. At channel 760 and above
or channel 759 and below,
LOW POWER light does not
go out within 60 seconds
after AC POWER switch Is
set to

Probable Cause

d. Defective driver
cathode/driver
heater.

e. Defective rf ampli-
fier 37AR1AR1
(fig. 3-51).

Defective frequency
multiplier 37A1
(fig. 3-51).

Checks and
Corrective Measures

ground (34 ohms approx-
imately). If normal,
replace 5TR1PS1 (para
3-50) . If abnormal,
check voltage regula-
tor assembly 37AR1A1A1
(para 3-77).

d. Measure the power at
37A1J2 (fig. 3-49)
(para 3-75). If nor-
mal, check the vol-
tage across TP1 and
TP3 of voltage regu-
lator assembly 37AR1A-
1A1 (para 3-77). If
normal, disconnect the
transmitter rf head
and measure resistance
between TP1 and TP3 of
voltage regulator
assembly 37AR1A1A1
(fig. 3-51) (should be
1.5 ohms approximately)
If voltage at TP1 and
TP3 Is abnormal, check
the driver heater/dri-
ver cathode circuit of
5TR1PS1 (para 3-8).
If 5TR1PS1 check is
normal, check the con-
tinuity of the driver
heater/driver cathode
wiring between 5TR1PS1
and transmitter rf head
(FO-4-43, 4-68).

e. If driver cathode/dri-
ver heater circuit Is
normal, higher cate-
gory maintenance Is
required.

Check the output of 37A1
(para 3-75). Check the
continuity of 26 V UNREG
and 28 V REG wiring be-
tween 5TR1PS1 and trans-
mitter rf head (FO-4-43,
4-68) .
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b. Transmitter Troubleshooting Chart - Continued.—

Symptom

15. Continued.

ON/RESET. PWR
OUT position
reads low, DRIVER
position reads
low and MULT
position reads
low.

16. Same as 13 above
but at all
channels.

17. LOW POWER light
does not go out
within 60 seconds
after AC POWER
switch is set to
ON/RESET. DRIVER
position reads
low, MULT posi-
tion reads low,
DOUBLER position
reads low.

18. LOW POWER light
does not go out
within 60 seconds
after AC POWER
switch is set to
ON/RESET. DRIVER
position reads
low, MULT posi-
tion reads low,
DOUBLER position
reads low, OSC

Probable cause
Checks and

corrective measures

a. Defective wiring. a. Measure power into fre-
quency multiplier at
37A1J1 (2.5 watts mini-
mum) (para 3-11). If
abnormal, check for con-
tinuity from 37A1J1 to
pin A2 of J11 (X5TR1-
A4P1) (FO-4-43, 4-68).

b. Defective amplifier- ‘ b. If the wiring continuity
frequency multiplier check in a above is nor-
5TR1A4 (fig. 3-3). real, replace 5TR1A4

(para 3-49).

a. Defective amplifier-
frequency multiplier
5TR1A4 (fig. 3-3).

b. Defective wiring.

a. Measure the power at pin
Al of J11 (X5TR1A4P1)
(para 3-10). If it is
normal , check 5TR1A4
(para 3-11).

b. Check for +28 v at pin 1
and check for ground at
pin 17 of J11 (X5TR1-
A4P1) (para 3-11) with
the transmitter rf head
connected.

a. Defective electrical- . Check synthesizer 5TR1A2
frequency synthesizer (para 3-10).
5TR1A2 (fig. 3-3).

b. Defective wiring. b. Check inputs to 5TR1A2 at
J1 (X5TR1A2P1) (FO-4-43)
pin 1 +28 vdc pin 3 0 v
pin 2 +12 vdc pin 37 +28
vdc.
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b. Transmitter Troubleshooting Chart - Continued.

Symptom

18. Continued.

position reads
low.

19. SYNC alarm does not
go out within 10
seconds after AC
POWER switch is
set to ON/RESET.

20. When AC POWER
switch is set to
ON/RESET, buzzer
and centrifugal
fan operate, LOW
POWER and SYNC
alarm lights come
on, DRIVER meter-
ing is low, all
other metering
reads zero.

21. No communication.
Metering and LOW
POWER and SYNC
alarms may or may
not indicate nor-
mal.

Probable cause

a. Defective synthesizer
5TR1A2 (fig. 3-3).

b. Defective power supply
5TR1PS1 (fig. 3-1).

Defective power supply 5T-
R1PS1 (fig. 3-1).

Synthesizer off frequency
due to -

a. Defective synthesizer
5TR1A2 (fig. 3-3).

b. Defective wiring.

Checks and
corrective measures

a. Check synthesizer 5TR1A2
(para 3-10).

b. Check power supply 5TR1PS1
(para 3-8).

Check voltage regulator am-
plifier 5TR1PS1AR1 of power
supply 5TR1PS1 (para 3-8).

a. Check synthesizer (para
3-10).

b. Check wiring from control-
indicator 37A2 to the
synthesizer (FO-4-43,
4-68).

3-73. Receiver Troubleshooting

a. General. The troubleshooting chart contains troubleshooting procedures
for radio receiver 1RE1 and the receiver RF head. Paragraphs 3-80 through 3-90
contain test procedures for the receiver rf head only. Refer to paragraphs 3-35
through 3-42 for test procedures for radio receiver 1RE1. For more effective
troubleshooting of the receiver, remove the receiver rf head (fig. 3-50) and radio
receiver 1RE1 from the receiver case. Remove the receiver rf head dust cover.
Connect the receiver rf head to the receiver case using CX-12097/U extender cable.
Connect the radio receiver 1RE1 to the receiver case using CX-12095/U and
CX-12096/U extender cables. Connect the receiver to a 115 volt, 47 to 420 Hz
source and proceed to troubleshoot the receiver.
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b. Receiver Troubleshooting Chart.

Symptom

1. With AC POWER switch
set to ON, there are
no meter indications
and no alarms.

2. Buzzer does not sound
when any alarm lamp
lights or goes out.

3. LOW SIGNAL alarm Is on;
RCVR SIG metering
reads low.

Probable Cause

Defective switch 1RE1A-
1CB1 (fig. 3-40).

Defective buzzer 1RE1A-
1DS5 (fig. 3-37).

a. Defective rf power
monitor 33A3 (fig.
4-80 TM 11-5820-540-
40) or duplexer sub-
assembly 33A1A1 (fig.
3-56) .

b. Defective signal level
control-monitor 33A5
(3-56) .

c. Defective low-pass fil-
ter 33FL1 (fig. 3-
56).

d. Defective frequency
mixer stage 33A7,
(fig. 3-63).

Checks and
Corrective Measures

Check for 115 vac at switch
LINE and LOAD terminals
(fig. 3-40). If switch
is normal, make wiring
continuity checks
(FO-4-28).

Check for 26 vdc at buzzer
terminals (fig. 3-37).
if voltage is present,
replace buzzer (para 3-
60). if voltage is not
present, make wiring
continuity checks
(FO-4-28).

a.

b.

c.

d.

Inject a signal at -65
dBm at receive fre-
quency into P1 (33A1A-
1J2) (fig. 3-56). If
the alarm clears,
higher category of
maintenance is re-
quired.

if the alarm condition
remains, inject signal
into P1 (33A5J2) (fig.
3-60) . If the alarm
clears, replace signal
level control-monitor
33A5 (para 3-98).

If the alarm condition
remains, inject the
signal into P1 (33FL1-
J2) (fig. 3-56). If
the alarm clears, re-
place low pass filter
33FL1 (para 3-102).

If the alarm condition
remains, remove fre-
quency mixer stage
33A7 (para 3-102) and
feed a signal of 30 MHz
at -35 dBm into pin A1
of 33A1W1J8 (fig. 3-
63). if alarm clears,
frequency mixer stage
33A7 is defective.

3-120



TM 11-5820-540-30

b.  Transmitter Troubleshooting Chart-Continued .

Symptom

3. Continued.

4. LOW SIGNAL alarm,
RCVR SIG reading
low; MULT reading
low.

5. SYNC alarm and/or
LOW SIGNAL alarm,
RCVR SIG reading
low, MULT reading
low, OSC reading
low.

Probable Cause

e. Defective Intermediate
frequency amplifler
33AR1 (fig. 3-63).

f. Local oscillator off
frequency due to-

(1) Defective synthe-
sizer 1RE1A2
(fig. 3-46).

(2) Defective wiring.

Defective frequency multi-
plier 33A2A1 or 33A2A2
(fig. 3-56).

Defective synthesizer 1RE-
1A2 (fig. 3-40).

3-74. Control-Indicator 37A2

Checks and
Corrective Measures

check frequency mixer
stage 33A7 (para 3-88).

e. If alarm remains inject
a 30 MHz signal at a
level of -35 dBm into
33A1W1A1P2 (fig. 3-63)
If alarm clears, re-
place intermediate fre-
quency amplifier 33AR1
(para 3-101).

(1) Check synthesizer
(para 3-35).

(2) Check wiring from
control Indicator
33A4 to J3 (X1RE-
1A2P2) (FO-4-28,
4-68) .

Check the output power
level at P1 (33A7J21,
(para 3-89). If abnormal
replace receiver rf head.

Check supply voltages at J3
(X1RE1A2P2). If normal,
change synthesizer 1RE1A2
(para 3-59). If abnormal
check wiring (FO-4-28).

a. Test Equipment Required.

Equipment Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter
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Test Equipment Required-Continueda.

Equipment Common Name

Cable Assembly, Special Purpose, CX-12098/U
Electrical

Cable Assembly, Special Purpose, CX-12094/U
Electrical

b. Operational Checks.

(1) Loosen the two screws securing plug P1 (37AR1A1W1J3) to chassis
connector 37AR1A1WIJ3 (fig. 3-50). Disconnect P1 from 37AR1A1W1J3.

(2) Set the XMTR CHANNEL control to channel 624.

37ARIARIWI

3 7 A R I A I W I J 2

37ARIAIA2

37ARIARIC7

37ARIAIWIAIP2

37AIJI

37ARIAIWIJ3

PI(37ARIAIWIJ3)

37WI

PI(37AIJ2)

FREQUENCY
MULTIPLIER
37AI

37AIJ2

37ARIAIWIJ4

Pl(37ARIAIwIJ4)

RF POWER
MONITOR
37ARlA2
MOUNTING
SCREWS

Figure 3-50. Band II Transmitter RF Head, Top View.
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(3) Using the multimeter, check for correct resistance between the following

pins of P1 (37AR1A1W1J3) as shown in the chart below.

Pins Resistance

1 and 14 Infinity
2 and 14 Infinity
3 and 14 Infinity
4 and 14 Infinity
5 and 14 Infinity
6 and 14 Infinity
7 and 14 Infinity
8 and 14 Infinity
9 and 14 Infinity
10 and 14 Infinity
11 and 14 Infinity
12 and 14 Zero

(4) Set the XMTR CHANNEL control to channel 623.

(5) Using the multi meter, check for correct resistance between the following

pins of P1 (37AR1A1W1J3) as shown in the chart below.

Pins Resistance

1 and 14 Infinity
2 and 14 Zero
3 and 14 Zero
4 and 14 Zero
5 and 14 Zero
6 and 14 Zero
7 and 14 Zero
8 and 14 Zero
9 and 14 Zero

10 and 14 Zero
11 and 14 Zero
12 and 14 Infinity

(6} Remove control-indicator 37A2 from the transmitter rf head as
described In chapter 6, TM 11-5820-540-12.

(7) Connect plug PI (37AR1A1W1J3) to chassis connector 37AR1A1W1J3 using
cable CX-12098/U.

(8) Remove the four screws securing the control-indicator cover and
remove the cover.

(9) Connect the transmitter rf head to the transmitter case using cable
CX-12094/U and set the AC POWER switch to ON/RESET.
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(l0)

(11)

(12)

(13)

(14)

Set the control-indicator to channel 759.

Using the multimeter check the voltage at terminal 24 (pin 13 of Pi). The
multimeter should indicate zero volt.

Set the control-indicator to channel 760.

Using the multimeter, check the voltage at terminal 24. The indication
should be +26 volts dc.

Set the AC POWER switch to OFF. Reinstall the control-indicator cover.
If abnormal indications are obtained in either (3), (5), (11) or (13)
above, replace control-indicator 37A2. Refer to chapter 6, TM 11-5820-
540-12 for replacement procedures.

3-75. Frequency Multiplier 37A1

a, Equipment Required.

Equipment Common Name

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Attenuator, Fixed 20 dB Empire Devices
AT-75-20

Cable Assembly, Special Purpose,
Electrical

Cable Assembly, Radio Frequency
CG-3573/U (4.8 in.)

Adapter-Connector Omni Spectra 21010

Power Meter Thermistor Mount

20 dB attenuator

CX-12094/U

Adapter-connector 0S21010

b. Operational Check.—

(1) Disconnect plug P1 (37A1J2) from connector J2 on frequency multiplier 37A1
(fig. 3-49).

(2) Connect test equipment as shown in figure 3-50.

(3) Set the XMTR CHANNEL and XMTR TUNE control to channel 759.

(4) Set the transmitter AC POWER switch to ON/RESET. The level at 37A1J2
should be +22 dbm minimum (+20 dbm for unit SM-D-865053).

(5) Set the XMTR CHANNEL and XMTR TUNE control to channel 760. The level at
37A1J2 should be +22 dbm minimum (+20 dbm for unit SM-D-865053).

(6) Set the AC POWER switch to OFF. If abnormal indications are obtained in
either (4) or (5) above, replace the transmitter rf head.
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EL5RE164

Figure 3-51. Frequency Multiplier 37A1 Operational Check, Test Setup.

3-76. Radio Frequency Amplifier 37AR1AR1

a. Test Equipment Required.

Equipment Common Name

Wattmeter AN/URM-120
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, RF (2 required)
Cable Assembly, Radio Frequency

CG-3573/U (4.8 in.) (2 required)
Adapter-Connector, Omni Spectra 21010

(2 required)
Adapter-Connector UG-29B/U
Cable Assembly, RF

Wattmeter
CX-12094/U

CG-1883/U (4.5 ft.)

Adapter-connector 0S21010

CG-3568/U

b. Operational Check.

(1) Disconnect P2 (37AR1AR1J3) from connector 37AR1AR1J3 (fig. 3-52).

(2) Connect the test equipment as shown in A, figure 3-53.

(3) Insert the coupler-detector CU-755/URN-120 into the wattmeter.

(4) Set the XMTR CHANNEL and XMTR TUNE control to channel 760.
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(5)

(6)

(7)

(8)

(9)

(l0)

(11)

(12)

(13)

Set the transmitter AC POWER switch to ON/RESET. The wattmeter
should indicate no less than 3.5 watts.

Set the AC POWER switch to OFF.

Reconnect plug P2 (37AR1AR1J3) to connector J3 on 37AR1AR1J3.

Disconnect plug P2 (37AR1A1FL1J1) from connector 37AR1A1FL1J1 (fig.
3-52) .

Connect the test equipment as shown in B, figure 3-53.

Set the AC POWER switch to ON/RESET.

Set the meter switch to PWR OUT and adjust the PWR OUT PEAK control
for maximum indication on the meter. The wattmeter should indicate
32 watts minimum.

Set the AC POWER switch to OFF.

Reconnect plug P2 (37AR1A1FLIJ1) to connector 37AR1A1FLIJ1.

EL5RE165

Figure 3-52. Band II Transmitter RF Head, Side View.
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(14) Replace the transmitter rf head if abnormal indications are obtained in
(5) and (11) above.

Figure 3-53. Radio Frequency Amplifier 37AR1AR1 Operational Check, Test Setup.

3-77, Voltage Regulator Assembly 37AR1A1A1

a.    Test Equipment Required.

Equipment Common Name

Multi meter, Digital, AN/USM-486 Digital Multimeter
Cable Assembly, Special Purpose, CX-12094/U

Electrical
Cable Assembly, RF CG-3568/U
Cable Assembly, RF CG-1883/U

b. Qperational Check.

(1) Remove the transmitter rf head from the case. Remove the dust cover
from the rf head and locate voltage regulator assembly 37AR1A1A1
(fig. 3-52).

(2) Connect J6 on the transmitter case to 37AR1A1W1A1P1 (fig. 3-52) on
the transmitter rf head using cable CX-12094/U.

(3) Set the XMTR CHANNEL and XMTR TUNE controls to channel 760.

(4) Set the AC POWER switch to ON/RESET.

(5) Set the meter switch to PWR OUT and adjust the PWR OUT PEAK control
for maximum indication on the meter.
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(6) Using multimeter, check for correct voltage between the following test
points on the voltage regulator assembly as shown in the chart below.

Multimeter

(+) (-) Voltage

TP4 TP2 6.3 vdc±O.13 V
TP3 TP1 6.3 vdc±O.13 V
TP4 TP5 13.8 vdc±O.7 V
TP4 TP11 3.2 vdc±l.5 V
TP3 TP1O 3.2 vdc±l.5 V

(7) Remove voltage regulator assembly 37 AR1A1A1 (chapter 6, TM 11-5820-540-12)
and check the resistance between the following pins of P1.

Resistance
Pins (ohms ± 10%)

14 and 5 12
8 and 5 34
7 and 5 10 M
2 and 6 270 k

(8) Set the AC POWER switch to OFF. If abnormal indication is obtained in (6)
or (7) above, replace voltage regulator assembly 37AR1A1A1. Refer to para-
graph 3-97 for replacement procedures.

3-78. Low-Pass Filter 37AR1A1FL1

a. Test Equipment Required.

Equipment Common Name

Wattmeter, RF, An/URM-120
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Radio Frequency

CG-3573/U (4.8 in.)
Cable Assembly, Radio Frequency

(2 required)
Adapter-Connector Omni Spectra 21020
Adapter-Connector UG-29B/U

(3 required)

Wattmeter
CX-12094/U

CG-1883/U (4.5 ft.)

Adapter-connector 0S21020
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b. Qperational Check
. .

(1) Disconnect plug P1 (37AR1A1FL1J2) from connector J2 on low-pass
filter 37AR1A1FL1 (fig. 3-52).

(2) Connect the test equipment as shown in figure 3-54.

(3) Insert the coupler-detector CU-755/URM-120 into the wattmeter.

(4) Set the XMTR CHANNEL and XMTR TUNE controls to channel 760.

(5) Set the transmitter AC POWER switch to ON/RESET.

(6) Set the meter switch to PWR OUT and adjust the PWR OUT PEAK
control for maximum indication on the meter. The wattmeter
should indicate a minimum of 26 watts.

(7) Set the AC POWER switch to OFF. Replace low pass filter
37AR1A1FL1 if an abnormal indication is obtained in (6) above.
Refer to paragraph 3-93 for replacement procedures.

Figure 3-54. Low Pass Filter 37AR1A1FL1 Operational Check, Test Setup.
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3-79. RF Power Monitor 37AR1A2

a. Test Equipment Required.

Equipment Common Name

Wattmeter, RF, An/URM-120
Cable Assembly, Radio Frequency
Cable Assemlby, Radio Frequency

CG-3444/U (3 ft. 6 in.)
Adapter-Connector UG-565A/U
Adapter-Connector UG-29B/U
Adapter-Connector UG-564A/U
Dummy Load, Electrical DA-437/GRC-103(V)

Wattmeter
CG-1883/U (4.5 ft.)

b. Operational Check .

(1) Connect the test equipment as shown in figure 3-55.

(2) Insert the coupler-detector CU-755/URM-120 into the wattmeter.

(3) Set the XMTR CHANNEL and XMTR TUNE controls to channel 760.

(4) Set the transmitter AC POWER switch to ON/RESET.

(5) Set the transmitter switch to PWR CUT and adjust the PWR OUT PEAK
control for maximum indication on the meter. The wattmeter
should indicate a minimum of 25 watts.

(6) Set the AC POWER switch to OFF. If an abnormal indication is
obtained, replace power monitor 37AR1A2 as described in paragraph
3-93.

Figure 3-55. RF Power Monitor 37AR1A2 Operational Check, Test Setup.
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3-80. Duplexer Subassembly 33A1A1 and Monitor RF Power 33A3

a. Test Equipment Required.

Equipment Common Name

Wattrneter, RF, An/URM-120
Generator, Signal SG-340A/G
Voltmeter, Electronic, 11E-30A/U
Load, 51 ohms
Dummy Load, Electrical DA-437/GRC-103(V)
Adapter-Connector UG-565A/U
Adapter-Connector UG-29B/U
Adapter-Connector UG-564A/U
Adapter-Connector UG-274/U
Adapter-Connector, Omni Spectra 21010
Cable Assembly, RF, CG-3444/U (1 ft. 6 in.)
Cable Assembly, RF, CG-3444/U (3 ft. 6 in.)
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency
Cable Assembly, Special Purpose,

Electrical

Wattmeter
Signal Generator No. 2
VTVM
CMC 335-053

Adapter-connector 0S21010

CG-1883/U (4.5 ft.)
CG-409H/U (4.5 ft.)
CX-12097/U

b. Operational
. Check.

(1) Connect the test equipment as shown in figure 3-56.

(2) Insert the coupler-detector CU-755/URM-120 into the wattmeter.

(3) Set the XMTR CHANNEL and XMTR TUNE controls to channel 760.

Figure 3-56. Duplexer Subassembly 33A1A1, (Transmit) Operational Check,
Test Setup.
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(4) Set the transmitter AC POWER switch to ON/RESET. The wattmeter should
indicate 15 watts minimum.

(5) Set the AC POWER switch to OFF. If an abnormal reading is obtained in
(4) above, replace the receiver rf head.

Operational Check-Receiver Path
.

C.

(1)

(2)

(3)

(4)

(5)

Disconnect plug P1 (33A1A1J2) from connector 33A1A1J2 on duplexer
33A1A1 (fig. 3-57).

Connect the test equipment as shown in A, figure 3-58.

Tune the receiver to channel 640.

Set the frequency of signal generator No. 2 to 520 MHz and adjust the
output level until a reading of -50 dBm is obtained on the VTVM. Note
the attenuator setting on signal generator No. 2.

Reconnect plug P1 (33A1A1J2) to 33A1A1J2.

Figure 3-57. Band II Receiver RF Head, Top and Rear View.
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EL5RE171

Figure 3-58. Duplexer Subassembly 33A1A1, (Receive) Operational Check, Test Setup.

(6) Connect the test equipment as

(7) Increase the output of signal
dbm is obtained on the VTVM.
generator No. 2 should not be
noted in (4) above.

shown in B, fi

generator No.
The output at
more than 2.5

gure 3-58.

2 until a reading of -50
tenuator setting on signal
db lower than the setting

(8) If the indication in (7) above is not obtained, replace the receiver
rf head.

3-81. Signal Level Control-Monitor 33A5

Test Equipment Requireda. .

Equipment Common Name

Voltmeter, Electronic, ME-30A/.U
Generator, Signal SG-340A/G
Load, 51 ohms
Adapter-Connector, Omni Spectra 21O1O
Adapter-Connector, UG-274/U
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency
Cable Assembly, Special Purpose,

Electrical

VTVM
Signal Generator No. 2
CMC 335-053
Adapter-connector 0S21010

CG-409H/(4.5 ft.)
CG-1883/U (4.5 ft.)
CX-12097/U
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b. Operational Check.

(1) Disconnect plug P1 (33A1A1J2) (fig. 3-57) from 33 A1A1J2 on
duplexer 33 A1A1.

(2) Connect the test equipment as shown in A, figure 3-59.

(3) Tune the receiver to channel 640 and signal generator No. 2 to
520 MHz.

(4) Set the AC POWER switch to ON.

(5) Increase the output level of signal generator No. 2 until the
high signal alarm operates (buzzer may sound if not muted). the
signal generator No. 2 level will be O dBm±10 dBm.

(6) Decrease the level of signal generator No. 2 until the VTVM
indicates -50 dBm.

(7) Connect the test equipment as shown in B, figure 3-59.

(8) The indication on the VTVM should not be higher than -49.25 dBm.

(9) Set the AC POWER switch to OFF.

(10) If the high signal alarm does not come on in (5) above, and/or
the indication obtained in (8) above is beyond the specified
limit, the unit under test should be replaced. Refer to
paragraph 3-97 for replacement procedures.

Figure 3-59. Signal Level Control Monitor 33A5 Operational Check, Test Setup. 
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3-82. Low-Pass Filter 33FL1

a. Test Equipment Required.

Equipment Common Name

Voltmeter, Electronic, ME-30A/U
Generator, Signal, SG-340A/U
Load, 51 ohms
Adapter-Connector Omni Spectra 21010
Adapter-Connector UG-274/U
Cable Assembly, Radio Frequency
Cable Assembly, Radio Frequency
Cable Assembly, Special Purpose,

Electrical

VTVM
Signal generator No. 2
CMC 335-053
Adapter-connector 0S21010

CG-409H/U (4.5 ft.)
CG-1883/U (4.5 ft.)
CX-12097/U

b. Operational Check .

(1) Disconnect plug P1 (33FL1J2) from 33FL1J2 on filter low-pass
33FL1 (fig. 3-57).

(2) Connect the test equipment as shown in A, figure 3-60.

EL5RE173

Figure 3-60. Low Pass Filter 33Fl1 Operational Check, Test Setup.
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(3) Tune the receiver to channel 640 and signal generator No. 2 to
520 MHz.

(4) Set the AC POWER switch to ON.

(5) Adjust the output level of signal generator No. 2 until a reading
of -50 dBm is obtained on the VTVM.

(6) Reconnect plug PI (33FL1J2) to 33FL1J2.

(7) Disconnect plug P1 (33A5J2) (fig. 3-61) from 33A5J2 on signal
level control monitor 33A5.

(8) Connect the test equipment as shown in B, figure 3-60.

(9) The indication on the VTVM should not be greater than -49.5 dBm.

(10) If an abnormal indication is obtained in (9) above, replace
33FL1. Refer to paragraph 3-104 for replacement procedures.

EL5RE174

Figure 3-61. Band II Receiver RF Head, Right Side View.
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3-83. Frequency Multiplier 33A2A2

a. Test Equipment Required .

Equipment Common Name

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Attenuator Fixed Empire Devices
AT-75-10

Adapter-Connector Omni Spectra 21010
Adapter-Connector UG-29B/U
Cable Assembly, Radio Frequency
Cable Assembly, Special Purpose,

Electrical

Power Meter Thermistor Mount

10 db attenuator

Adapter-connector 0S21010

CG-11383/U (4.5 ft.)
CX-12097/U

b. Operational 
. Check .

(1) Disconnect plug P3 (33A2A1J1) from 33A2A1J1 on frequency
Multiplier 33A2A1 (fig. 3-56).

(2) Connect the test equipment as shown in figure 3-62.

(3) Set the AC POWER switch to ON and tune the receiver to channel
699. The output power level at P3 (33A2A1J1) should be +17 dBm
±2.5 db (power meter indication of +7 dBm ±2.5 db).

(4) Set the RCVR CHANNEL control to channel 700. The power meter
indication should be +17 dBm ±2.5 db (power meter indication of
+7 dBm±2.5 db).

Figure 3-62. Frequency Multiplier 33A2A2 Operational Check, Test Setup.
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(5) Set the AC POWER switch to OFF. If the indications in (3) and (4) above
are not within the specified limits, replace receiver rf head.

3-84. Frequency Multiplier 33A2A1

a. Test Equipment Required .

Equipment Common Name

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Attenuator Fixed Empire Devices
AT-7510

Adapter-Connector Omni Spectra 21010
Adapter-Connector UG-29B/U
Cable Assembly, Radio Frequency
Cable Assembly, Special Purpose,

Electrical

Power Meter Thermistor Mount

10 db attenuator

Adapter-connector 0S21010

CG-1883/U (4.5 ft.)
CX-12097/U

b.

(1) Disconnect plug P2 (33A2FL1J1) from 33A2FL1J1 on bandpass filter
33A2FL1JI (fig. 3-57).

(2) Connect the test equipment as shown in figure 3-63.

(3) Set the AC POWER switch to ON and tune the receiver to channel
699. The output power level at P2 (33A2FL1J1) should be a
minimum of 8.0 dBm (power meter indication of -2 dBm).

O p e r a t i o n a l  C h e c k .

EL5RE176

Figure 3-63. Frequency Multiplier 33A2A1 Operational Check, Test Setup.
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(4) Set the RCVR CHANNEL control to channel 700. The power meter
indication should still be a minimum of +8.0 dBm.

(5) Set the AC POWER switch to OFF. If the indications in (3) and
(4) above are not within the specified limits, replace the
receiver rf head.

3-85. Bandpass Filter 33A2FL1

Test Equipment Required.
a.

Equipment Common Name

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Attenuator Fixed Empire Devices
AT-75-10

Adapter-Connector Omni Spectra 21010
Adapter-Connector UG-29B/U
Cable Assembly, Radio Frequency
Cable Assembly, Special Purpose,

Electrical

Power Meter Thermistor Mount

10 db attenuator

Adapter-connector 0S21010

CG-1883/U (4.5 ft.)
CX-12097/U

b. Operational Check

(1) Disconnect plug P1 (33A7J2) from 33A7J2 of frequency mixer stage
33A7 (fig. 3-64).

(2) Connect the test equipment as shown in figure 3-65.

(3) Set the AC POWER switch to ON and tune the receiver to channel
699. The output power level at P1 (33A7J2) should be a minimum
of +6.0 dBm (power meter indication of -4.0 dBm).

(4) Set the RCVR CHANNEL control to channel 700. The power meter
indication should still be a minimum of +6.0 dBm (power meter
indication of -4.0 dBm).

(5) Set the AC POWER switch to OFF. If the indications in (3) and
(4) above are not within the specified limits, replace the
receiver rf head.

3-86. Intermediate Frequency Amplifier 33AR1

a. Test Equipment  Required

Equipment I Common Name

Generator, Signal, SG-1170/U
Meter, Power, ME-441/U with Thermistor

Mount, HP-478A
Adapter-Connector UG-201A/U

Signal Generator
Power Meter Thermistor Mount
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Figure 3-65. Bandpass Filter 33A2FL1 Operational Check, Test setup.
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a. Test Equipmenmt Required-Continued.

Equipment Common Name

Adapter-Connector, 0S-20200-2
Adapter-Connector, 0S-21010
Voltmeter, RF, ME-426/U
Cable Assembly, RF
Cable Assembly, RF CG-409H/U (3 ft.)
Cable Assembly, Special Purpose,

Electrical

RF, Voltmeter
CG-3581/U (6 in.)

CX-12097/U

b. Operational Check .

(1) Remove frequency mixer stage 33A7 as explained in paragraph
3-102. (Connector 33A1W1J8 (fig. 3-64) is now exposed.)

(2) Disconnect plug 33A1W1A1P2 from 33AR1J1 on intermediate frequency
amplifier 33AR1 (fig. 3-64).

(3) Connect the test equipment as shown in figure 3-66.

(4) Set the frequency of signal generator No. 1 to 30 MHz at an
output level of -75 dBm.

(5) Set the receiver AC POWER switch to ON. The RF voltmeter should
indicate between -28 dBm and -22 dBm.

Figure 3-66. Intermediate Frequency Amplifier 33AR1 Operational Check, Test Setup.
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(6) Set the receiver AC
obtained in (5) above
the intermediate ampl
replacement procedures.

3-87. Frequency Mixer Stage 33A7

Test Equipment Requireda.

POWER switch to OFF. If the indication
is outside the specified limits, replace
ifier 33AR1. Refer to paragraph 3-101 for

Equipment Common Name

Generator, Signal SG-340A/U
Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Adapter-Connector, 0S-20200-2
Adapter-Connector, UG-201A/U
Cable Assembly, RF CG-3573/U (4.8 in.)

(2 required)
Cable Assembly, RF
Cable Assembly, Special Purpose,

Electrical
Voltmeter, RF, ME-426/U

Signal generator No. 2
Power Meter Thermistor Mount

CG-1883/U (4.5 ft.)
CX-12097/U

RF, Voltmeter

b .  O p e r a t i o n a l  C h e c k .

(1) Disconnect plug P2 (33A7J1) from 33A7J1 of frequency mixer stage
33A7 (fig. 3-64).

(2) Disconnect plug 33A1W1A1P2 from 33AR1J1 on intermediate frequency
amplifier 33AR1.

(3) Connect the test equipment as shown in figure 3-67.

(4) Tune the receiver to channel 624.

(5) Set the frequency of signal generator No. 2 to 512 MHz at an
output level of -89 dBm.

(6) Set the receiver AC POWER switch to ON. The RF voltmeter should
indicate between -28 dBm and -22 dBm.

(7) If the indication obtained in (6) above is outside the specified
limits replace frequency mixer stage 33A7 as described in
paragraph 3-102.

3-88. Power Supply 33PS1

Test Equipment Requireda.

Equipment Common Name

Multimeter, Digital, AN/USM-486
Cable Assembly, Special Purpose,

Electrical

Digital Multimeter
CX-12097/U
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b. Operational Checks.

(1)

(2)

(3)

(4)

(5)

(6)

Remove the receiver rf head from receiver case and connect it to the
receiver case using cable CX-12097/U.

Remove frequency mixer stage 33A7 as described in paragraph 3-100

Connect a jumper wire between pin 7 and pin 8 and between pins 5 and
9 of chassis 33A1W1J8 (fig. 3-63).

Set receiver AC POWER switch to ON.

Multimeter connected between pin 7 (+) and pin 5 (-) of chassis
connector 33A1W1J8 should measure 70 volts dc ±0.5 volt dc.

if the indication in (5) above is not obtained, replace power supply
33PS1 . Refer to paragraph 3-101 for replacement procedures.

Figure 3-67. Frequency Mixer Stage 33A7 Operational Check, Test Setup.
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b. Operational Check.

3-89. Voltage Control Assembly 33A1A2

a. Test Equipment Required.

Equipment Common Name

Multimeter, Digital, AN/USM-486/U Digital Multimeter

(1) Remove the receiver rf head from the receiver case.

(2) Locate voltage control assembly 33A1A2 (fig. 3-61).

(3) Measure the resistance between E1 and E3 using the multimeter.
The indication obtained should be 20K ohms ±200 ohms.

(4) Check the resistance between E1 and E2 while slowly adjusting the
variable resistor from full clockwise to full counter-clockwise.
The multimeter indication should change smoothly across the
resistance range of zero to 20K ohms.

(5) If the indications in (3) and/or (4) above are abnormal, replace
the receiver RF head.

3-90. Control-Indicator 33A4

a. Test Equipment Required.

Equipment

Multimeter, Digital,
Cable Assembly, Spec

Electrical
Cable Assembly, Spec

Electrical

AN/USM-486
ial Purpose,

ial Purpose

Common Name

Digital Multimeter
CX-12098/U

CX-12097/U

b. Operational Check.

(1) Loosen the screws securing plug P1 (33A1W1J5) to chassis
connector 33A1W1J5 and disconnect the plug (f

(2) Set the RCVR CHANNEL control to channel 564.

(3) Using the multimeter, check for the correct
the following pins of P1 (33A1W1J5) as shown

ig. 3-57).

resistance between
in the chart below.

Pins Resistance

1 and 14 Infinity
2 and 14 Infinity
3 and 14 Infinity
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Pins Resistance

4 and 14
5 and 14
6 and 14
7 and 14
8 and 14
9 and 14
10 and 14
11 and 14
12 and 14

Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity

Zero

(4) Set the RCVR CHANNEL control to channel 563.

(5) Using the multimeter, check for correct resistance between the following
pins of P1 (33A1W1J5) as shown in the chart below.

Pins Resistance

1 and 14 Infinity
2 and 14
3 and 14
4 and 14
5 and 14
6 and 14
7 and 14
8 and 14
9 and 14
10and 14
11 and 14

Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero

12 and 14 Infinity

(6)

(7)

(8)

(9)

(10)

(11)

Remove control-indicator 33A4 from the transmitter rf head as
described in chapter 6, TM 1-5820-540-12.

Connect plug P1
cable CX-12098/U.

Remove the four
remove the cover.

(33A1W1J5) to chassis connector 33A1W1J5 using

screws securing the control-indicator cover and

Connect the receiver rf head to the receiver case using cable CMC
756-921 and set the AC POWER switch to ON.

Set the control indicator to channel 699.

Check the voltage at pin 13 of P1 (33A1W1J5) using the
multimeter. The multimeter should indicate zero.
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(12) Set the control-indicator to channel 700.

(13) Check the voltage at pin 13 of P1 (33A1W1J5) using the multimeter.
The indication should be +26 volts dc.

(14) Set the AC POWER switch to OFF. Reinstall the control indicator
cover. If abnormal indications are obtained in either (3), (5), (11)
or (13) above, replace control-indicator 33A4. Refer to chapter 6, TM
11-5820-540-12 for replacement procedures.

Section V. MODULE REMOVAL AND REPLACEMENT PROCEDURES
FOR BAND II RF HEADS

3-91. General

When trouble has been localized to a module of the radio set, replace the defective
part as described in paragraphs 3-94 to 3-104. Before installing a replacement
module, always check connectors for bent or damaged pins. Make sure the multipin
connectors are properly mated and pressed home before tightening the mounting
screws: Whenever difficulty is encountered in mating connectors, remove the module
and inspect the connectors for damage.

3-92. Replacement of Control-Indicator 37A2

Replacement of control-indicator 37A2 is covered in chapter 6, TM 11-5820-540-12.

3-93. Replacement of Low-Pass Filter 37AR1A2FL1

a.  Place the transmitter rf head right-hand side up and locate low-pass filter
37AR1A1FL1 (fig. 3-51).

b.  Disconnect the two electrical plugs, P2 (37AR1A1FL1J1) and P1 (37AR1A1FL1J2)
from their mating connectors (fig. 3-51).

c.  Loosen the green-circled mounting screws that secure 37AR1A1FL1 to the
chassis. Remove 37AR1A1FL1.

d. To install the 37AR1A1FL1 replacement module, position the module over the—
two mounting holes and tighten the mounting screws. Connect plugs P1
(37AR1A1FL1J2) and P2 (37AR1A1FL1J1) to their respective mating connectors.

3-94. Replacement of RF Power Monitor 37AR1A2

a. Place the transmitter rf head top side up and locate rf power monitor
37AR1A2 (fig. 3-51).

b. On the front panel of the transmitter rf head, loosen and remove the
hexagonal nut that secures the PWR OUT connector to the front panel.

c. Disconnect plug P2 (37AR1A2J1) from 37AR1A2J1 (fig. 3-51).
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d,  Disconnect plug P1 (37AR1A1W1J4) from connector 37AR1A1W1J4 (fig. 3-50).

e, emove the four red-circled mounting screws that secure rf power monitor
37AR1A2 to its bracket and remove the module.

f.  To install the 37AR1A2 replacement module, slide connector J2 of the rf power
monitor into the PWR CUT opening in the front panel and secure the hexagonal
nut. Secure 37AR1A2 to its mounting bracket with four screws.

NOTE

The PWR OUT connector must be well-secured before
tightening the 37AR1A2 mounting screws.

g.  Connect plug P2 (37AR1A2J1) to 37AR1A2J1. Connect plug P1 (37AR1A1W1J4) to
37AR1A1W1J4 on the chassis and secure with two screws.

3-95.       Replacement of Voltage Regulator Assembly 37AR1A1A1

a.  Place the transmitter rf head right-hand side up.

b. Locate the voltage regulator assembly 37AR1A1A1 (fig. 3-52). Loosen and
remove the four green-circled mounting screws. Pull the module up, carefully
disengaging the connector.

c. To install the replacement module, carefully engage the connector of the
module with the chassis connector by pushing the module straight down.

d.  Tighten the four green-circled screws.

3-96.     Replacement of Control-Indicator 33A4

Replacement of control-indicator 33A4 is covered in chapter 6, TM 11-5820-540-12.

3-97. Replacement of Frequency Multiplier 33A2A2

a. Place the receiver rf head top side up and locate frequency multiplier 33A2A2
(fig. 3-57).

b. Disconnect plug P2 (33A2A2J1) from 33A2A2J1 of frequency multiplier 33A2A2.

c. Loosen three green-circled mounting screws and carefully lift the module,
disengaging it from the chassis connector.

d. To install the 33A2A2 replacement module, position the module over three
mounting holes and carefully press home the connector.

e. Tighten the three mounting screws and connect the plug P2 (33A2A2J1) to—
33A2A2J1.
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3-98.

a.—

b.

c.—

d.

e.

3-99.

a.

b.—

c.

d.

e.—

3-100.

a.—

b.—

c.

d.—

e.

3-101.

a.—

Replacement of Signal Level Control-Monitor 33A5

Place the receiver right-hand side up and locate signal level control-monitor
33A5 (fig. 3-61).

Disconnect P1 (33A5J2) and P2 (33A5J1) from their mating connectors.

Loosen three green-circled mounting screws and carefully lift the module,
disengaging it from the chassis connector.

To install the 33A5 replacement module, position the module over the mounting
holes and carefully press home the connector.

Tighten the mounting screws and connect plugs P1 (33A5J2) and P2 (33A5J1) to
33A5J2 and J1 respectively.

Replacement of Intermediate Frequency Amplifier 33AR1

Place the receiver rf head bottom side up and locate intermediate frequency
amplifier 33AR1 (fig. 3-64).

Disconnect plug 33A1W1A1P2 from 33AR1J1.

Loosen the three green-circled mounting screws and carefully lift the module,
disengaging it from the chassis connector.

To install the replacement module, position the module over the mounting
holes and carefully press home the connector.

Tighten the three mounting screws and reconnect plug 33A1W1A1P2 to 33AR1J1.

Replacement of Frequency Mixer Stage 33A7

Place the receiver rf head bottom side up and locate frequency mixer stage
33A7 (fig. 3-64).

Disconnect plugs P1 (33A7J2) and P2 (33A7J1) from 33A7J2 and 33A7J1
respectively.

Loosen the three green-circled mounting screws and carefully lift the module,
disengaging it from the chassis connector.

To install the replacement module, position the module over the mounting
holes and carefully press home the connector.

Tighten the three mounting screws and reconnect P1 (33A7J2) and P2 (33A7J1)
to 33A7J2 and 33A7J1 respectively.

Replacement of Power Supply 33PS1

Place the receiver rf head left-hand side up and locate power supply 33PS1.
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c.

d.

3-102.

a.

b.

c.—

d.—

e.—

f.

g.

3-103.
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Loosen the three green-circled mounting screws and carefully lift the module,
disengaging it from the chassis connector.

To install the replacement module, position the module over the mounting
holes and carefully press home the connector.

Tighten the three mounting screws.

Replacement of Low-Pass Filter 33FL1

Place the receiver rf head rear side up. Locate low-pass filter 33FL1 (fig.
3-57) .

Disconnect plug P1 (33FL1J2) and P2 (33FL1J1) from their respective
connectors.

Place the receiver rf head bottom side up and remove intermediate frequency
amplifier 33AR1 as explained in paragraph 3-101.

Remove the two mounting screws for 33FL1 which are located on the chassis
under the if amplifier.

To install the 33FL1 replacement module, position the module on the mounting
holes and tighten the two screws from the other side of the chassis.

Replace intermediate frequency amplifier 33AR1 as explained in paragraph
3-101.

Connect plugs P1 (33FL1J2) and P2 (33FL1J1) to their respective connectors.

Section VI. TROUBLESHOOTING (BAND III)

General

This section contains the systematic troubleshooting procedure required to
sectionalize a fault in the radio set and to trace the fault to the defective module
or part. Meter readings may help in locating faults without the help of test
equipment or measuring circuits. Operational tests frequently indicate the general
location of trouble and in many instances help in determining the nature of the
fault. The operational check, loop testing procedure and the troubleshooting charts
contained in TM 11-5820-540-12 are suitable starting points. The modified loop test
procedure, troubleshooting charts and signal substitution procedures enable direct
support personnel to quickly localize the faulty module. Replacement of one or more
suspected defective modules may be a quick and effective method of repairing a radio
set in emergency conditions.

3-104. Loop Test Procedure

Refer to paragraph 3-4.
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3-105. Transmitter Troubleshooting

CAUTION

The transmitter rf head when extended must be
air-cooled during tests; a cooling fan must be pointed
toward the power amplifier tubes at all times. If a
cooling fan is not available the transmitter rf head
must not be operated for longer than 5 minute periods.
Another alternative is to place the transmitter in the
transmitter case while troubleshooting radio
transmitter 5TR1.

a. General. Troubleshooting charts contain troubleshooting procedures for
radio transmitter 5TR1 and the transmitter rf head. Paragraphs 3-110 through 3-116
contain test procedures for the transmitter rf head only. Refer to paragraphs 3-5
through 3-12 for test procedures for radio transmitter 5TR1. For more effective
troubleshooting of the transmitter, remove the transmitter rf head and radio
transmitter 5TR1 from the transmitter case. Remove the transmitter rf head dust
cover. Connect the transmitter rf head to the transmitter case using CX-12094/U
extender cable and connect radio transmitter 5TR1 to the transmitter case using
CX-12092/U and CX-12093/U extender cables. Connect the transmitter to a 115 volt,
47 to 420 Hz source and proceed to troubleshoot the transmitter.

CAUTION

The transmitter rf head PWR OUT connector must be
connected to the dummy load during troubleshooting.
Damage to the equipment will result if this is not done.

NOTE

On Transmitter, Radio T-983B(P)/GRC-103(V) the
centrifugal fan does not start instantaneously when the
AC POWER switch is set to ON/RESET if the transmitter
is at room temperature (+25 C), allow a few minutes
warm up time. At very cold temperatures, or if the
transmitter is warm, the fan should start when the AC
POWER switch is set to ON/RESET.

b. Transmitter Troubleshooting Chart .

Symptom

1. When AC POWER switch
is set to ON/RESET
centrifugal fan does
not start, AC POWER
and LOW POWER lamps
do not light, buzzer
does not sound.

Probable cause

a. Defective power supply
5TR1PS1 (fig. 3-1).

Checks and
corrective measures

a. Check for 115 vac at con-
nector J3 (5TR1PS1P1)
pins 6 and 7 (para 3-
8). If voltage is pre-
sent, replace 5TR1PS1
(para 3-50).
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b. Transmitter Troubleshooting Chart - Continued.

Symptom

1. Continued.

2. 28V and 12V metering reads
negative, all other
metering zero, LOW POWER
and SYNC lamps light.

3. 12V reads negative, 28V
full scale, 600V high,
DRIVER normal, all other
metering zero. LOW POWER
and SYNC lamps light.

4. All metering reads zero,
all lamps are inopera-
tive, centrifugal fan
operates.

5. 28V normal or zero, 12V
normal, DOUBLER, MULT,
DRIVER and PWR OUT low,
OSC high. LOW POWER and
SYNC lamps light.

6. When AC POWER switch is set
to ON/RESET, centrifugal
fan does not start; AC
POWER, LOW POWER, and
OVERHEAT lamps light;
buzzer sounds.

Probable cause

b. Defective switch
5TR1A1CB1 (fig.
3-3).

Short circuit.

Short circuit.

Short circuit.

Open circuit.

a. Defective centrifu-
gal fan 5A2B1
(Section X).

b. Defective power
supply 5TR1PS1
(fig. 6-8, TM 11-
5820-540-12).

Checks and
corrective measures

b. If voltage not present
in a above, check for
115 vac at switch
LINE and LOAD termi-
nals. If indications
are normal make wir-
ing continuity
checks.

Check for short on 28 v
supply line (FO-4-43, 4-
71).

Check for short on 12 v
supply line (FO-4-43, 4-
71).

Check for short on 26 v
supply line (FO-4-43, 4-
71). Check for short on
600v supply line (FO-4-
43, 4-71).

Check for open 28 v supply
(FO-4-43, 4-71).

a. Check for 140 vac at
connector J5(5A2B1P1)
pins 1 and 2 (trans-
mitter case). If
voltage is present
replace 5A2B1
(Section X).

b. (1) Check for 140 vac
at power supply
filter terminals
FL5 and FL6 of
5TR1PS1 (fig. 3-
2). If no vol-
tage is present
replace 5TR1PS1
(para 3-50).
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b. Transmitter Troubleshooting Chart-Continued.

Symptom

6. Continued.

7. When AC POWER switch is set
to ON/RESET, centrifugal
fan does not start.
OVERHEAT lamp is not on.
Buzzer may or may not
sound. All other indica-
tions normal.

8. Buzzer does not sound when
am alarm lamp lights or
goes out.

Probable cause

a. Defective OVERHEAT
lamp 5TR1A2A2DS4.

b. Defective pressure
differential mon-
itor 5A2A2.

a. Defective buzzer
5TR1A1DS5 (fig.
3-3).

b. Defective switch
5TR1A1S2 (fig.
3-3).

Checks and
corrective measures

(2) If voltage is pre-
sent at FL5 and
FL6 of 5TR1PS1
(fig. 3-2) but
not at pins 1 and
2 of connector J5
(5 A2B1P1) (sec-
tion X) in the
transmitter case,
remove 115 vac
power source and
check for conti-
nuity between
these two points.

a. Change indicator lamp
5TR1A2A2DS4.

b. Replace 5A2A2 (section
X)

a. Check for 26 vdc at
buzzer terminals. If
voltage is present
replace the buzzer
(para 3-52).

b. If voltage is not pre-
sent at buzzer termi-
nals remove 115 vac
power source and
check for continuity
from the buzzer nega-
tive terminal to pin
5 of connector J3
(5 TR1PS1P1) (fig. 3-
1) and from the buz-
zer positive terminal
to pin 4 of 5TR1A1J3.
If continuity is bro-
ken because of 5TR1A-
1S2, higher category
maintenance is
required.
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b. Troubleshooting Chart - Continued

Symptom

8. Continued.

9. SYNC light does not go out
within 10 seconds after
AC POWER switch is set
to ON/RESET.

10. OVERHEAT
off with

amp does not go
n 10 seconds

after AC POWER switch
is set to ON/RESET.

11. AC POWER switch set to
ON/RESET at room tem-
perature centrifugal fan
operates full speed
(Case CY-4637A only).

12. DRIVER metering greater
than 100%.

Probable Cause

c. Defective alarm
control (fig. 3-
3).

a. Defective synthesi-
zer 5TR1A2 (fig.
3-3).

b. Defective power
Supply 5TR1PS1

(fig. 3-1).

Defective pressure
differential mon-
itor.

Defective cotnrol mon-
itor temperature
sensor 5A2A2.

Short circuit in vol-
tage regulator
assembly 38AR1A1A1
or rf amplifier
38AR1AR1 (fig. 3-70),

Checks and
Corrective Measures

c. If continuity is broken
because of 5TR1A1A2,
replace 5TR1A1A2 board
(para 3-51).

a.  Extend the synthesizer
(para 3-10) and check
for 12 v, 26 v, and
28 v at J1 (X5TR1A2P2)
(fig. 3-3). If normal
indications are ob-
tained, replace synthe-
sizer
48).

5TR1A2 (para 3-

b. If indications in a
above are abnormal,
check 5TR1PS1 (para
3-8) . If abnormal
indications are ob-
tained, replace 5TR-
1PS1 (para 3-50).

Replace 5A2A2 (Section X).

Check sensor connections.
If connections are not
defective, replace 5A2A2
(Section X).

Replace voltage regulator
assembly and two electron
tubes. If indication be-
comes normal, replace one
original tube. If the
indication still remains
normal. replace the other
original tube. If indica-
tions still remain normal
then only the voltage
regulator 38AR1A1 was
shorted. If the indica-
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b. Transmitter Troubleshooting Chart Continued
.

Symptom

12. Continued.

13. LOW POWER light does not
go out within 60 seconds
after AC POWER switch is
set to ON/RESET. PWR
OUT position reads low.

14. LOW POWER light does not
go out within 60 seconds
after AC POWER switch is
set to ON/RESET. PWR
OUT position reads low,
DRIVER position reads
high.

Probable Cause

a. Defective rf power
monitor 38AR1A2
(fig. 3-70).

b. Defective low pass
filter 38AR1A1FL1
(fig. 3-70) .

c. Defective circula-
tor 38AR1HY1
(fig. 3-74).

d. Defective radio
frequency ampli-
fier 38AR1AR1
(fig. 3-70).

No output cathode re-
gulation. Defective
power supply 5TR1PS1
(fig. 3-1) or vol-
tage regulator as-
sembly 38AR1A1A1
(fig. 3-70).

Checks and
Corrective Measures

tion after replacement
of the tubes and
voltage regulator
assembly does not be-
come normal, higher
category of maintenance
is required.

a. Measure power (21 watts
minimum) at P2 (38AR-
1A2J1). If normal,
check 58AR1A2 (para
3-111).

b. If power indication at
P2 (38AR1A2J1) is ab-
normal, measure the
power (23 watts min-
imum) at 38AR1A1FL1J1
If normal, check
38AR1A1FL1 (para
3-110).

c. If abnormal indication
is obtained in b
above, measure the
power (27 watts nom-
inal) at 38AR1AR1J4
(FO-4-71). If normal,
check 38AR1HY1 (para
3-112).

d. If abnormal indication
is obtained in c above
measure the power at
38A1J2 (para 3-107).
If normal, higher
category of mainten-
ance is required.

Remove transmitter 5TR1
and measure the resis-
tance from pin 30 of
connector J8 X5TR1A1A1P3
(FO-4-9) (transmitter
case) to ground (approx-
imately 12 ohms). If
normal, replace 5TR1-
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b. Transmitter Troubleshooting Chart - Continued .

Symptom

14. Continued.

15. LOW POWER light does not
go out within 60 seconds
after AC POWER switch is
set to ON/RESET. PWR
CUT position reads low,
DRIVER position reads
low.

Probable Cause

a. Defective power
supply 5TR1PS1
(fig. 3-1) or
voltage assembly
38AR1A1A1 (fig.
3-70) .

b. Defective amplifier
subassembly 38AR-
1AR1 (fig. 3-70).

Checks and
Corrective Measures

PS1 (para 3-50). If
abnormal, check vol-
tage regulator as-
sembly 38AR1A1A1 (para
3-109).

a. (1) Measure the power
(2.5 watts mini-
mum) at 38AR1AR1J3
(fig. 3-71). If
normal check the
voltage at TP2 and
TP4 of 38AR1A1A1
(para 109). If
normal , disconnect
the transmitter rf
head and measure
the resistance be-
tween TP2 and TP4
of 38AR1A1A1
(should be 1.5
ohms approxi-
mately).

(2) If voltage at TP2
and TP4 is abnor-
mal check the out-
put heater/output
cathode circuit of
5TR1PS1 (para 3-8)

(3) If 5TR1PS1 check is
normal, check con-
tinuity of output
heater/output
cathode wiring be-
tween 5TR1PS1 and
transmitter rf
head (FO-4-43),
4-71).

b. If the power at 38ARlA-
RIJ3 (para 3-108) is
abnormal, higher cate-
gory of maintenance is
required.
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b. Transmitter Troubleshooting Chart - Continued..  

Symptom

15. Continued.

Probable Cause

c. No driver cathode
regulation. Defec-
tive power supply
5TR1PS1 (fig. 3-1)
or voltage regulator
assembly 38AR1A1A1
(fig. 3-70).

d. Defective driver
cathode/driver heater
circuit.

Checks and
Corrective Measures

c. Remove the radio trans-
mitter 5TR1 from the
case and measure the
resistance from pin
29 to connector J8
(X5TR1A1AIP3) to
ground (34 ohms
approximately). If
normal, replace 5TRl-
PS1 (para 3-50). If
abnormal, check vol-
tage regulator assem-
bly 38AR1A1A1 (para
3-109).

d. Measure the power at
36A1J2 (para 3-107).
If normal, check the
voltage across TP1
and TP3 of voltage
regulator assembly
38AR1A1A1 (para 3-
109). If normal, dis-
connect the trans-
mitter rf head and
measure resistance be-
tween TP1 and TP3 of
voltage regulator
assembly 38AR1A1A1
(should be 1.5 ohm
approximately). if
voltage at TP1 and
TP3 is abnormal,
check the DRIVER
HEATER/DRIVER CATHODE
circuit of 5TR1PS1
(para 3-8). If 5TRl-
PS1 check is normal,
check the continuity
of the DRIVER HEATER/-
DRIVER CATHODE wiring
between 5TR1PS1 and
transmitter rf head
(FO-4-43, 4-71).
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b. Transmitter Troubleshooting Chart - Continued.
. .

Symptom

15. Continued.

16. At channel 1280 and
above or channel
1279 and below LOW
POWER light does not
go out within 60
seconds after AC
POWER switch is set
to ON/RESET. PWR
OUT position reads
low, DRIVER posi-
tion reads low and
MULT position reads
low.

17. Same as 14 above but
at all channels.

18. LOW POWER light does
not go out within 60
seconds after AC
POWER switch is set
to ON/RESET. DRIVER
position reads low,
MULT
low,
tion

position reads
DOUBLER posi-
reads low.

Probable Cause

e. Defective rf amplifier
38AR1AR1 (fig. 3-70).

a. Defective amplifier
frequency multiplier
38A1 (fig. 3-70).

b. Defective wiring.

a. Defective wiring.

b. Defective amplifier
frequency multiplier
5TR1A4 (fig. 3-3).

a. Defective amplifier-
frequency multiplier
5TR1A4 (fig. 3-3).

b. Defective wiring.

Checks and
Corrective Measures

e. If driver cathode/-
driver heater circuit
is normal, higher
category maintenance
is required.

a. Check the output of
38A1 (para 3-107).

b. Check the continuity of
26V UNREG and 28V REG
wiring between 5TRl-
PS1 and transmitter
rf head (FO-4-43, 4-
71).

a. Measure power at ampli-
fier frequency multi-
plier 38A1J1 (2.5
watts minimum). If
abnormal, check for
continuity from 38A-
1J1 to pin A2 of J11
(X5TR1A4P1) (FO-4-43,
4-71).

b. If the wiring continu-
ity check in a above
is normal, replace
5TR1A4 (para 3-49).

a. Measure the power at
pin A1 of J11 (X5TRl-
A4P1) (para 3-10).
If it is normal,
check 5TR1A4 (para
3-11)0

b. Check for -28 v at pin
of Jll (5TR1A4P1).
Check for ground at
pin 17 of Jll (X5TR-
1A4P1) with the trans-
mitter rf head con-
nected.

3-157



TM 11-5820-540-30

b. Transmitter Troubleshooting Chart - Continued.—

Checks and
Symptom Probable cause corrective measures

19. LOW POWER light does not  a. Defective   a. Check synthesizer 5TRl-
go out within 60 seconds electrical- A2 (para 3-10).
after AC POWER switch is frequency synthe-
set to ON/RESET. DRIVER sizer 5TR1A2
position reads low, MULT (fig. 3-3).
position reads low,
DOUBLER position reads b. Defective wiring. b. Check inputs to 5TR1A2
low, (OSC position reads at J1 (X5TRlA2P2)
low. (FO-4-43).

pin 1 +28 vdc
pin 3 0 v
pin 2 +12 vdc
pin 37 +28 vdc

20. SYNC alarm does not go out  a. Defective synthe- a. Check synthesizer 5TRl-
within 10 seconds after sizer 5TR1A2 A2 (para 3-10).
AC POWER switch is set (fig. 3-3).
to ON/RESET.

b. Defective power b. Check power supply 5TR-
Supply 5TR1PS1 lPS1 (para 3-8).
(fig. 3-l).

21. When AC POWER switch is Defective power supply Check voltage regulator
set to ON/RESET, buzzer 5TR1PS1 (fig. 3-l). amplifier 5TR1PS1AR1 of
and centrifugal fan power supply 5TR1PS1
operate, LOW POWER and (para 3-8).
SYNC alarm lights come
on, DRIVER metering is
low, all other metering
reads zero.

22. No communication. Meter- Synthesizer is off
ing and LOW POWER and frequency due to -
SYNC alarms may or may
not indicate normal. a. Defective synthe-

sizer 5TR1A2.

b. Defective wiring.

a. Check synthesizer (para
3-l0).

b. Check wiring from
control-indicator
38A2 to the synthe-
sizer (FO-4-43, 4-
71).
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3-106. Receiver Troubleshooting (Band III

a. General. The troubleshooting charts contain troubleshooting procedures
for radio receiver 1RE 1 and the receiver rf head. Paragraphs 3-117 through 3-127
contain test procedures for the receiver rf head only. Refer to paragraphs 3-35
through 3-42 for test procedures for radio receiver lRE1. For more effective
troubleshooting of the receiver, remove the receiver rf head and radio receiver
lRE1 from the receiver case. Remove the receiver rf head dust cover. Connect the
radio receiver lRE1 to the receiver case using CX-12095/U and CX-12096/U extender
cables. Connect the receiver to a 115 volt, 47 to 420 Hz source and proceed to
troubleshoot the receiver.

b. Receiver Troubleshooting Chart .

Symptom

1. With AC POWER switch
set to ON, there are
no meter indications
and no alarms.

2. Buzzer does not sound
when any alarm lamp
lights or goes out.

3. AC POWER switch Will
not stay on.

4. LOW SIGNAL alarm is on
RCVR SIG metering
reads low.

Probable Cause

Defective switch IREIA-
1 CBL

Defect
1DS5

(fig. 3-40).

ive buzzer 1RE1A-
(fig. 3-37 .

Short circuit.

a. Defective power
monitor 33A3 or
duplexer sub-
assembly 34A1A1
(fig. 3-84).

b. Defective signs level
control-monitor 34A5
(fig. 3-77).

Checks and
Corrective Measures

Check for 115 vac at switch
LINE and LOAD terminals
(fig. 3-40). If switch
is normal, make wiring
continuity checks
(F0-4-28).

Check for 26 vdc at buzzer
terminals (fig. 3-37).
if voltage is present,
replace buzzer (para 3-
60). If voltage is not
present, make wiring
continuity checks
(FO-4-28).

Make resistance checks on
-12 vdc, +12 vdc and +26
vdc lines to isolate
short (FO-4-28, 4-64).

a. Inject a signal at -65
dBm receive frequency
into P1 (34A1A1J2)
(fig. 3-77). If the
alarm clears, higher
category of mainten-
ance is required.

b. if the alarm condition
remains, inject signal
into P1 (34A5J2) (fig.
3-81). If the alarm
clears, replace signal
level control-monitor
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b. Receiver Troubleshooting Chart - Continued.
.

Symptom

4. Continued.

Probable Cause

c. Defective low-pass
filter 34FL1 (fig.
3-77) .

d. Defective frequency
mixer stage 34A7
(fig. 3-84) .

e. Defective intermediate
frequency amplifier
34AR1 (fig. 3-84).

f. Local
fre

oscillator off
quency due to:

(1) Defective synthe-
sizer 1RE1A2 (fig,
3-40) .

(2) Defective wiring.

Checks and
Corrective Measures

34A5 (para 3-131).

c. If the alarm condition
remains, inject the
signal into P1 (34FL-
1J2) (fig. 3-77). If
the alarm clears, re-
place low-pass filter
34FL1 (para 3-135).

d. If the alarm condition
remains, remove fre-
quency mixer stage
34A7 (para 3-133) and
feed a signal of 30
MHz at -35 dBm into
pin A1 of 34A1W1J8
(fig. 3-83) . If alarm
clears frequency mixer
stage 34A7 is defec-
tive. Check frequen-
cy mixer stage 34A7
(para 3-120).

e. If alarm remains inject
a 30 MHz signal at a
level of -35 dBm into
34A1W1A1P2 (fig. 3-
84). If alarm clears,
replace intermediate
frequency amplifier
34AR1 (para 3-132).

(1) Check synthesizer
(para 3-36).

(2) Check wiring from
control indicator
33A4 to J3 (X1RE-
1A2P2) (FO-4-28,
4-58)
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b. Receiver Troublshooting Chart - Continued.
.

Checks and
Symptom Probable Cause Corrective Measures

5. LOW SIGNAL alarm, RCVR Defective frequency Check the output power
SIG reading low; multiplier group 34A2 level at P1 (34A7J2)
MULT reading low. (fig. 3-84). (para 3-116). If abnor-

mal, replace receiver rf

I
head.

6. SYNC alarm and/or LOW Defective synthesizer Check supply voltages at J3
SIGNAL alarm, RCVR 1RE1A2 (fig. 3-40). (X1RE1A2P2). If normal
SIG reading low, change synthesizer 1RE1A2
MULT reading low, (para 3-59). If abnor-
OSC reading low. real, check wiring (FO-4-

28).

3-107. Control-Indicator 38A2

Test Equipment Required.
a. .

Equipment I Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter
Cable Assembly, Special Purpose, CX-12098/U

Electrical
Cable Assembly, Special Purpose CX-12094/U

Electrical

b. Operational check.

(1) Loosen the two screws securing plug P1 (38AR1A1W1J3) to chassis
connector 38AR1A1W1J3 (fig. 3-68). Disconnect P1 from 38AR1A1W1J3.

(2) Set the XMTR CHANNEL control to channel 1648.

(4) Using the multimeter, check for correct resistance between the
following pins of P1 (38AR1A1W1J3) as shown in the chart below.

Pins Resistance

1 and 14 Infinity
2 and 14 Infinity
3 and 14 Infinity
4 and 14 Infinity
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Pins

5 and 14
6 and 14
7 and 14
8 and 14
9 and 14

10 and 14
11 and 14
12 and 14

Resistance

Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity

Zero

(4) Set the XMTR CHANNEL control to channel 1647.

(5) Using the multi meter, check for correct resistance between the following
pins of P1 (38AR1A1W1J3) as shown in the chart below.

Pins Resistance

1 and 14 Infinity
2 and 14 Zero
3 and 14 Zero
4 and 14 Zero
5 and 14 Zero
6 and 14 Zero
7 and 14 Zero
8 and 14 Zero
9 and 14 Zero
10 and 14 Zero
11 and 14 Zero
12 and 14 Infinity

(6) Remove control indicator 38A2 from the transmitter rf head as
described In chapter 6, TM 11-5820-540-12.

(7) Connect plug P1 (38AR1A1W1J3) to chassis connector 38AR1A1W1J3 using
cable CMC 456-922.

(8) Remove the four screws securing the control-lndicator cover and
remove the cover.

(9) Connect the transmitter rf head to the transmitter case using cable
CX-12094/U and set the AC POWER switch to ON/RESET.

(10) Set the controi-indicator to channel 1279.

(11) Using the muitimeter check the voltage at terminal 24 (pin 13 of Pi).
The multimeter should indicate zero volt.

3-162



TM 11-5820-540-30

(12) Set the control-indicator to channel 1280.

(13) Using the multimeter, check the voltage at terminal 24. The indication
should be +26 volts dc.

(14) Set the AC POWER switch to OFF. Reinstall the control-indicator cover.
If abnormal indications are obtained in either (3)9 (5), (11) or (13)
above, replace control-indicator 38A2. Refer to chapter 6, TM 11-5820-
540-12 for replacement procedures.

Figure 3-68. Band III Transmitter RF Head, Top View.
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3-108. Amplifier-Frequency Multiplier 38A1

Test Equipment Required. .
a. .

Equipment

Meter, Power, ME-441/U with Thermistor
Mount, HP-478A

Attenuator, Fixed, 20 db, Empire Devices
AT-75-20

Cable Assembly, Special Purpose,
Electrical

Cable Assembly, Radio Frequency
CG-3573/U (4.8 in.)

Adapter-Connector, Omni Spectra 21010

Common Name

Power Meter Thermistor Mount

20 db attenuator

CX-12094/U

Adapter-connector 0S21010

b. Operational Check .

(1) Disconnect plug P1 (38A1J2) from 38A1J2 on amplifier-frequency
multiplier 38A1 (fig. 3-68).

(2) Connect test equipment as shown figure 3-69.

(3) Set the XMTR CHANNEL and XMTR

(4) Set the transmitter AC POWER
should be +21 dBm minimum.

TUNE controls to channel 1279.

switch to ON/RESET. The level at 38A1J2

(5) Set the XMTR CHANNEL and XMTR TUNE controls to channel 1280. The
level at 38A1J2 should be +21 dBm minimum.

Figure 3-69. Amplifier Frequency Multiplier 38A1 Operational Check, Test Setup.
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(6) Set the AC POWER switch to OFF. Replace transmitter rf head if
abnormal indications are obtained in either (4) or (5) above.

3-109. Radio Frequency Amplifier 38AR1AR1

a. Test Equipment Required .

Equipment Common Name

Wattmeter, RF, AN/URM-120
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, RF
Cable Assembly, Radio Frequency

CG-3573/U (4.8 in.)
Adapter-Connector, Omni Spectra 21010

(2 required)
Adapter-Connector, UG-29B/U
Cable Assembly, RF

Wattmeter
CX-12094/U

CG-1883/U (4.5 ft.)

Adapter-connector 0S21010

CG-3568/U

b. Operational Check.

(1) Disconnect Plug P2 (38AR1AR1J3) from 38AR1AR1J3 on radio frequencv

figure 3-71.

20 into the wattmeter.

amplifier 38AR1AR1 (fig. 3-70).

(2) Connect test equipment as shown in A,

(3) Insert the coupler-detector CU-755/URM-

(4) Set the XMTR CHANNEL and XMTR TUNE controls to channel 1280.

(5) Set the transmitter AC POWER switch to ON/RESET and the meter switch
to DRIVER. The wattmeter should indicate 2.5 watts minimum.

(6) Set the AC POWER switch to OFF.

(7) Reconnect plug P2 (38AR1AR1J3) to 38AR1AR1J3.

(8) Disconnect plug P2 (38AR1HY1J1) from 38AR1HY1J1 on circulator
38AR1HY1 (fig. 3-74).

(9) Connect the test equipment as shown in B, figure 3-71.

(10) Set the AC POWER switch to ON/RESET.

(11) Set the meter switch to PWR OUT. The wattmeter should indicate 27
watts minimum.

(12) Set the AC POWER switch to OFF.

(13) Replace the transmitter rf head if abnormal indications are obtained
in (5) and (11) above.
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Figure 3-70. Band III Transmitter RF Head, Side View.

Figure 3-71. Radio Frequency Amplifier 38AR1AR1 Operational Check, Test Setup.
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3-110. Voltage Regulator Assembly 38AR1A1A1

Test Equipment Required. .
a.

Equipment Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter
Cable Assembly, Special Purpose, CX-12094/U

Electrical

b. Operational Check .

(1) Remove the transmitter rf head from the case. Remove the dust cover
from the rf head and locate voltage regulator assembly 38AR1A1A1
(fig. 3-70).

(2) Connect J6 on the transmitter case to 38AR1A1W1A1P1 on the
transmitter rf head using cable CX-12094/U.

(3) Set the XMTR CHANNEL and XMTR TUNE controls to channel 1280.

(4) Set the AC POWER switch to ON/RESET.

(5) Set the meter switch to PWR OUT.

(6) Using multimeter, check for correct voltage between the following
test points on the voltage regulator assembly as shown in the chart
below.

Multimeter
Voltage

+ (-)

TP4 TP2 6.3 vdc ± 0.13 V
TP3 TP1 6.3 vdc ± 0.13 V
TP4 TP5 13.8 vdc ± 0.7 V
TP4 TP11 3.2 vdc ± 1.5 V
TP3 TP10 3.2 vdc ± 1.5 V

(7) Remove voltage regulator assembly 38AR1A1A1 (para 3-133) and check the re-
sistance between the following pins of P1

Pins Resistance (ohms ± l0%)

14 and 5 12
8 and 5 34
7 and 5 10 M
2 and 6 .270 k
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(8) Set the AC POWER switch to OFF. If abnormal Indication Is obtained
In (6) above, replace voltage regulator assembly 38AR1A1A1. Refer to
paragraph 3-133 for replacement procedures.

3-111. Low-Pass Filter 38AR1AIFL1

a. Test Equipment Required.

Equipment Common Name

Wattmeter, RF, AN/URM-120
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Radio Frequency

CG-3573/U (4.8 in.)
Cable Assembly, RF (2 required)
Cable Assembly, RF
Adapter-Connector, Omni Spectra 21020

(2 required)
Adapter-Connector, UG-29B/U

(3 required)

Wattmeter
CX-12094/U

CG-1883/U (4.5 ft.)
CG-3568/U
Adapter-connector 0S21020

Figure 3-72. Low Pass Filter 38AR1A1FL1 Operational Check, Test Setup.
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b. Operational Checks.

(1) Disconnect plug P1 (38AR1A1FL1J2) from 38AR1A1FL1J2 on low-pass
filter 38AR1A1FL1 (fig. 3-70).

(2) Connect test equipment as shown in figure 3-72.

(3) Insert the coupler-detector CU-755/URM-120 into the wattmeter.

(4) Set the XMTR CHANNEL and XMTR TUNE controls to channel 1280.

(5) Set the transmitter AC POWER switch to ON/RESET.

(6) Set the meter switch to PWR OUT. The wattmeter should indicate 21
watts minimum.

(7) Set the AC POWER switch to OFF. Replace low pass filter 38AR1A1FL1
if an abnormal indication is obtained in (6) above. Refer to
paragraph 3-131 for replacement procedure.

3-112. RF Power Monitor 38AR1A2

a. Test Equipment Required .

Equipment Common Name

Wattmeter, RF, AN/URM-120
Cable Assembly, Radio Frequency
Adapter-Connector UG-565A/U
Adapter-Connector UG-29B/U
Adapter-Connector, UG-564A/U
Dummy Load, Electrical DA-437/GRC-103(V)
Cable Assembly, Radio Frequency

CG-3444/U (3 ft. 6 in.)

Wattmeter
CG-1883/U (4.5 ft.)

a. Operational Check.

(1) Connect the test equipment as shown in figure 3-73.

(2) Insert the coupler-detector CU-755/URM-120 into the wattmeter.

(3) Set the XMTR CHANNEL and XMTR TUNE controls to channel 1280.

(4) Set the transmitter AC POWER switch to ON/RESET.

(5) Set the transmitter meter switch to PWR OUT. The wattmeter should
indicate 20 watts mininum.

(6) Set the AC POWER switch to OFF. If an abnormal indication is
obtained, replace power monitor 38AR1A2 as described in paragraph
3-128.
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Figure 3-73. RF Power Monitor 38AR1A2 Operational Check, Test Setup.

3-113. Circulator 38AR1HY1 and Electrical Dummy Load 38AR1AT1

a. Test Equipmemt Required .

Equipment Common Name

Wattmeter, RF, AN/URM-120
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, Radio Frequency

CG-3573/U (4.8 in.)
Cable Assembly, RF (2 required)
Adapter-Connector, Omni Spectra 21010

(2 required)
Adapter-Connector, UG-29B/U

(3 required)
Cable Assembly, RF

Wattmeter
CX-12094/U

CG-1883/U (4.5 ft.)
Adapter-connector 0S21010

CG-3568/U

b. Operational Check .

(1) Disconnect plug P1 (38AR1HYIJ2) from 38AR1HY1J2 on circulator
38AR1HY1 (fig. 3-74).

(2) Connect

(3) Set the

(4) Set the

(5) Set the

test equipment as shown in figure 3-75.

XMTR CHANNEL and XMTR TUNE controls to channel 1280.

transmitter AC POWER switch to ON/RESET.

meter switch to PWR OUT. The wattmeter should indicate 23
watts minimum.

(6) Set the AC POWER switch to OFF. If an abnormal indication is
obtained in (5) above, replace the transmitter rf head.
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Figure 3-74. Band III Transmitter RF Head, Bottom View.
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Figure 3-75. Circulator 36AR1HY1 and Electrical Dummy Load 38AR1AT1
Operational Check, Test Setup.

3-114. Duplexer Subassembly 34A1A1 and RF Power Monitor 34A3

a. Duplexer Equipment Required.

Equipment Common Name

Wattmeter, RF, AN/URM-120 Wattmeter
Generator, Signal SG-340A/U Signal generator No. 2
Voltmeter, Electronic, ME-30A/U VTVM
Load, 51 ohms CMC 355-053
Adapter-Connector, UG-565A/U
Adapter-Connector, UG-29B/U
Adapter-Connector, UG-564A/U
Adapter-Connector, UG-274/U
Dummy Load, Electrical DA-437/GRC-103(V)
Adapter-Connector, Omni Spectra 21010
Cable Assembly, Radio Frequency
Cab
Cab

e Assembly, Radio Frequency
e Assembly, Special Purpose,
Electrical

Adapter-connector 0S21010
CG-1883/U (4.5 ft.)
CMC-930
CX-12097/U
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Test Equipment Required - Continued.

Equipment Common name

Cable Assembly, Radio Frequency
CG-3444/U (1 ft. 6 in.)

Cable Assembly, Radio Frequency
CG-3444/U (3 ft. 6 in.)

b.
.

(1) Connect the test equipment as shown in figure 3-76.

(2) Insert the coupler-detector CU-755/URM-120 into the wattmeter.

(3) Set the XTMR CHANNEL and XMTR TUNE controls to channel 1280.

(4) Set the transmitter AC POWER switch to ON/RESET. The wattmeter

Operational Check - Receive Path.

should indicate 13 watts minimum.

(5) Set the AC POWER switch to OFF. If an abnormal reading
in (4) above, higher category of maintenance Is required.

c. operational Check - Receive Path
. .

(1) Disconnect plug P1 (34A1A1J2) (fig. 3-77) from 34A1A1J2
34A1A1 .

(2) Connect the test equipment as shown in A, figure 3-78.

(3) Tune the receiver to channel 1390.

is obtained

on duplexer

Figure 3-76. Duplexer Subassembly
Setup

 34A1A1, (Transmit) Operational Check, Test
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(4)

(5)

(6)

(7)

(8)

Set the frequency of signal generator No. 2 to 895 MHz and adjust the
output level until a reading of -50 dbm is obtained on the VTVM
Note the attenuator setting on signal generator No. 2.

Reconnect plug P1 (34A1A1J2) to 34A1A1J2.

Connect the test equipment as shown in 5, figure 3-78.

Increase the output of signal generator No. 2 until a reading of -50
dbm is obtained on the VTVM. The output attenuator setting on signal
generator No. 2 should not be more than 3 db lower than the setting
noted in (4) above.

If
rf

the attenuator in (7) above
head.

s not obtained, replace the receiver

Figure 3-77. Band III Receiver RF Head, Top and Rear View.
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Figure 3-78. Duplexer Subassembly 34A1A1, (Receive) Operational Check, Test
Setup.

3-115. Signal Level Control-Monitor 34A5

a. Test Equipment Required. .

Equipment Common Name

Voltmeter, Electronic, ME-30A/U
Generator, Signal SG-340A/G
Load, 51 ohms
Adapter-Connector, Omni Spectra 21010
Adapter-Connector, UG-274/U
Cable Assembly, RF
Cable Assembly, RF
Cable Assembly, Special Purpose,

Electrical

VTVM
Signal generator No. 2
CMC 335-053
Adapter-connector 0S21010

CG-409H/u (4.5 ft.)
CG-1883/U (4.5 ft.)
CX-12097/U

b. Operational Checks .

(1) Disconnect plug P1 (34A1A1J2) (fig. 3-77) from 34A1A1J2 on duplexer
34A1A1 .

(2) Connect the test equipment as shown in A, 

(3) Tune the receiver to channel 1390 and the 

(4) Set the AC POWER switch to ON.

figure 3-79.

signal generator to 895 MHz.
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Figure 3-79. Signal Level Control Monitor 34A5 Operational Check, Test Setup.

(5) increase the output level of signal generatcr No. 2 until the high
signal alarm operates (buzzer may sound if not muted). The signal
Generator No. 2 level will be O dBm ±10 dBm.

(6) Decrease the level of signal generator
-50 dBm.

(7) Connect the test equipment as shown in

(8) The indication on VTVM should not be

(9) Set the AC POWER switch to OFF.

 No. 2

B , f i

higher

(10) If the high, signal alarm does not come on

until the VTVN indicates

gure 3-79.

than -49.25 dBm.

in (5) above, and/or the
indication obtained in (8) above is beyond the specified limit, the
unit under test should be replaced. Refer to paragraph 3-136 for
replacement procedures.

3-116. Low Pass Filter 34FL1

a. Test Equipment Required l

Equipment Common Name

Voltmeter, Electronic, ME-30A/U VTVN
Generator, Signal SG-340A/G Signal generator No. 2
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Test Equipment Required - Continued.
a. .

Equipment Common Name

Load, 51 ohms CMC 335-053
Adapter-Connector, Omni Spectra 21010 Adapter-connector 0S21010
Adapter-Connector, UG-274/U
Cable Assembly, RF CG-1883/U (4.5 ft.)
Cable Assembly, RF CG-409H/u (4.5 ft.)
Cable Assembly, Special Purpose, CX-12097/U

Electrical

b. Operational
. Checks .

(1) Disconnect plug P1 (34FL1J2) from 34FL1J2 on filter low pass 34FL1
(fig. 3-77).

(2) Connect the test equipment as shown in A, figure 3-80.

(3) Tune the receiver to channel 1390 and the signal generator No. 2 to
895 MHz.

(4) Set the AC POWER switcth

(5) Adjust the output level
-50 dBm is obtained on

to ON.

of signal generator No. 2 until a reading of
the VTVM. -

Figure 3-80. Low Pass Filter 34FL1 Operational Check, Test Setup.

3-177



TM 11-5820-540-30

(6) Reconnect plug P1 (34FL1J2) to

(7) Disconnect plug P1 (34A5J2) (fig.

34FL1J2.

3-81) from 34A5J2 on signal level
control monitor 34A5.

(8) Connect the test equipment

(9) The indication on the VTVM

as shown in B, figure 3-80.

should not be greater than -49.5 dBm.

(10) If an abnormal indication is obtained in (9) above, replace 34FL1.
Refer to paragraph 3-140 for replacement procedures.

3-117. Frequency Multiplier 34A2A2

a. Test Equipment Required

Equipment Common Name

Meter, Power, ME-441/U with Thermistor Power Meter Thermistor Mount
Mount HP-478A

Attenuator Fixed, Empire Devices 10 db attenuator
AT-75-1O

Adapter-Connector, Omni Spectra OS21O10 Adapter-connector 0S21010
Adapter-Connector, UG-29B/U
Cable Assembly, RF CG-1883/U (4.5 ft.)
Cable Assembly, Special Purpose, CX-12097/U

Electrical

b. Operational Checks .

(1)

(2)

(3)

(4)

(5)

Disconnect plug P2 (34A2A1J1) from 34A2A1J1 on frequency multiplier
34A2A1 (fig. 3-77).

Connect the test equipment as shown in figure 3-82.

Set the AC POWER switch to ON and tune the receiver to channel 1219.
The output power level at P2 (34A2A1J1) should be a minimum of +14.5
dBm (power meter indication of +4.5 dBm).

Set the RCVR CHANNEL control to channel 1220. The power meter
indication should be within limits specified in (3) above.

Set the AC POWER switch to OFF. If the indication in (3) and (4)
above are not within the specified limits, replace receiver rf head.
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Figure 3-81. Band III RF Head, Right Side View.

Figure 3-82. Frequency Multiplier 34A2A2 Operational Check, TestSetup.
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3-118. Frequency Multiplier 34A2A1

a. Equipment Required.

Equipment Common Name

Meter, Power, ME-441/U with Thermistor
Mount HP-478A

Attenuator Fixed, Empire Devices
AT-75-l0

Adapter-Connector, Omni Spectra 0S21010
Adapter-Connector, UG-29B/U
Cable Assembly, RF
Cable Assembly, Special Purpose,

Electrical

Power Meter Thermistor Mount

10 db attenuator

Adapter-connector 0S21010

CG-1883/U (4.5 ft.)
CX-12097/U

b. Operational Checks.

(1) Disconnect plug P1 (34A2A1J2) (fig. 3-77) from 34A2A1J2 of frequency
multiplier 34A2A1.

(2) Connect the test equipment as shown in figure 3-83.

(3) Set the AC POWER switch to ON and tune the receiver to channel 1219.
The output power level at P2 (34A2A1J1) should be a minimum of +7 dBm
(power meter Indication of -3 dBm).

(4) Set the RCVR CHANNEL control to channel 1220. The power level should
be a minimum of +8 dBm (power meter indication of -2 dBm).

(5) Set the AC POWER switch to OFF. If the indications in (3) and (4)
above are not within the specified limits, replace the receiver rf
head.

Figure 3-83. Frequency Multiplier 34A2A1 Operational Check, Test Setup.
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 3-119. Bandpass Filter 34A2FL1

a. Test Equipment Required.
.

Equipment Common Name

Meter, Power, ME-441/U with Thermistor
Mount HP-478A

Attenuator Fixed, Empire Devices
AT-75-l0

Adapter-Connector, Omni Spectra 21010
Adapter-Connector, UG-29B/U
Cable Assembly, RF
Cable Assembly, Special Purpose,

Electrical

Power Meter Thermistor Mount

10 db attenuator

Adapter-connector 0S21010

CG-1883/U (4.5 ft.)
CX-12097/U

b. Operational Checks.

(1)

(2)

(3)

(4)

(5)

Disconnect plug P1 (34A7J2) from 34A7J2 of frequency mixer stage 34A7
(fig. 3-84).

Connect the test equipment as shown in figure 3-85.

Set the AC POWER switch to ON and tune the receiver to channel
The output power level at P1 (34A7J2) should be a minimum of
(power meter indication of -5 dBm).

Set the RCVR CHANNEL control to channel 1220. The power level
be a minimum of +6 dBm (power meter indication of -4 dBm).

1219.
+5 dBm

should

Set the AC POWER switch to OFF. If the indications in (3) and (4)
above are not within the specified limits, replace the receiver rf
head.

3-120. Intermediate Frequency Amplifier 34AR1

Test Equipment Required. .
a. .

Equipment Common Name

Generator, Signal, SG-1170/U
Meter, Power, ME-441/U with Thermistor

Mount, HP-478A
Cable Assembly, RF CG-3573/U (4.8 in.)
Cable Assembly, RF
Cable Assembly, RF
Cable Assembly, Special Purpose,

Electrical
Adapter-Connector
Adapter-Connector
Voltmeter, RF, ME-426

Signal Generator
Power Meter Thermistor Mount

CG-3581/U (6 in.)
CG-409H/u (4.5 ft.)
CX-12097/U

0S-21010
0S-20200-2
RF, Voltmeter
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b. Operational Check ✎

(1) Remove frequency mixer stage 34A7 as explained in paragraph 3-138
(Connector 34A1W1J8 (fig. 3-84) iS now exposed.) e

(2) Disconnect plug 34A1W1A1P2 from 34AR1J1 on intermediate frequency
amplifier 34AR1 (fig. 3-84)0

(3) Connect the test equipment as shown in figure 3-86.

(4) Set the frequency of signal generator No. 1 to 30 MHz at an output
level of -75 dBm.

Figure 3-84. Band III Receiver RF Head, Bottom View.
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(5) Set the receiver AC POWER switch to ON. The RF voltmeter should

indicate between -28 dBm and -22 dBm.

(6) Set the receiver AC POWER switch to OFF. If the indications obtained
in (5) above is outside the specified limits, replace the
intermediate frequency amplifier 34AR1. Refer to paragraph 3-133 for
replacement procedures.

Figure 3-85. Bandpass Filter 34A2FL1 Operational Check, Test Setup.

Figure 3-86. intermediate Frequency Amplifier 34AR1 Operational Check, Test Setup.
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3-121. Frequency Mixer Stage 34A7

a. Required.Test Equipment .

Equipment Common Name

Generator, Signal, SG-340A/U
Meter, Power, ME-441/U with Thermistor

Mount, HP-478A
Cable Assembly, RF CG-3573/U (4.8 in.)

(2 required)
Cable Assembly, RF
Cable Assembly, Special Purpose,

Electrical
Adapter-Connector, Omni Spectra 21010
Adapter-Connector
Adapter-Connector
Voltmeter, RF

Signal Generator
Power Meter Thermistor Mount

CG-1883/U
CX-12097/U

Adapter-connector 0S21010
0S-20200-2
UG-201A/U
ME-426/U

b. Operational Check .

(1) Disconnect plug P2 (34A7J1) from 34A7J1 on frequency mixer stage 34A7
(fig. 3-84).

(2) Disconnect plug 34A1W1A1P2 from 34AR1J1 on intermediate frequency
amplifier 34AR1.

(3) Connect the test equipment as shown in figure 3-87.

(4) Tune the receiver to channel 1390.

(5) Set the frequency of signal generator No. 2 to 895 MHz at an output
level of -89 dBm.

(6) Set the receiver AC POWER switch to ON. The RF voltmeter should
indicate between -28 dBm and -22 dBm.

(7) If the indication obtained in (6) above is outside specified limits,
replace frequency mixer stage 34A7 as described in paragraph 3-134.

3-122. Power Supply 34PS1

Test Equipment Required.
a.

.

Equipment Common Name

Multimeter, Digital, AN/USM-486
Cable Assembly, Special Purpose,

Electrical

Digital Multimeter
CX-12097/U
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b. Operational Check.
.

(1)

(2)

(3)

(4)

(5)

(6)

Remove the receiver rf head from receiver case and connect it to the
receiver case using cable CX-12097/U.

Remove frequency mixer stage 34A7 as described in paragraph 3-134.

Connect a Jumper wire between pin 7 and pin 8 and another Jumper wire
between pin 5 and pin 9 of chassis 34A1W1J8 (fig. 3-84).

Set receiver AC POWER switch to ON.

Multimeter connected between pin 7 (+) and pin 5 (-) should measure
70 volts dc ±O.5 volts dc.

If the indication in (5) above is not obtained, replace power supply
34PS1. Refer to paragraph 3-135 for replacement procedures.

Figure 3-87. Frequency Mixer Stage 34A7 Operational Check, Test Setup.
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3-123. Voltage Control Assembly 34A1A2

a. Test Equipment Required .

Equipment Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter

b. Operational Check

(1) Remove the receiver rf head from the receiver case.

(2) Locate voltage control assembly 34A1A2 (fig. 3-81).

(3) Measure resistance between El and E3 using multimeter. It should
measure 20 K ohm ±200 ohm.

(4) Check the resistance between El and E2 while slowly adjusting the
variable resistor from full clockwise to full counter-clockwise. The
multimeter indication should change smoothly across the resistance
range of zero to 20K ohms.

(5) If the indications in (3) and/or (4) above are abnormal, replace the
receiver rf head.

3-124. Control-indicator 34A4

Test Equipment Required.
a.

Equipment Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter
Cable Assembly, Special Purpose, CX-12098/U

Electrical
Cable Assembly, Special Purpose, CX-12097/U

Electrical

b. Operational Check.

(1) Loosen the screws securing plug P1 (34A1W1J5) to chassis connector
34A1W1J5 and disconnect the plug (fig. 3-77).

(2) Set the RCVR CHANNEL control to channel 1588.

(3) Using the multimeter, check for the correct resistance between the
following pins of P1 (34A1W1J5) as shown in the chart below:

Pins Resistance

1 and 14 Infinity
2 and 14 Infinity
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Pins Resistance

3 and 14
4 and 14
5 and 14
6 and 14
7 and 14
8 and 14
9 and 14

10 and 14
11 and 14
12 and 14

Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity
Infinity

Zero

(4) Set the RCVR CHANNEL control to channel 1587.

(5) Using the multimeter, check for correct resistance between the following
pins of P1 (34A1W1J5) as shown in the chart below:

Pins Resistance

1 and 14
2 and 14
3 and 14
4 and 14
5 and 14
6 and 14
7 and 14
8 and 14
9 and 14

10 and 14
11 and 14
12 and 14

Infinity
Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero
Zero

Infinity

(6) Remove control indicator 34A4 from the transmitter rf head as
described in chapter 6, TM 11-5820-540-12.

(7) Connect plug PI (34A1W1J5) to chassis connector 34A1W1J5 using cable
CX-12098/U.

(8) Remove the four screws securing the control-indicator cover and
remove the cover.

(9) Connect the receiver rf head to the receiver fixed head using cable
CX-12097/U and set the AC POWER switch to ON.

(10) Set the control-indicator to channel 1219.

(11) Check the voltage at terminal 24 (pin 13 of P1) using the multimeter.
The multimeter should indicate zero volt.
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(12)

(13)

(14)

Set the control-indicator to channel 1220.

Check the voltage at terminal 24 using the multimeter. The indication
should be +26 volts dc.

Set the AC POWER SWITCH to OFF. Reinstall the control-indicator cover.
If abnormal indications are obtained in either (3), (5), (11) or (13)
above, replace control-indicator 34A4. Refer to chapter 6, TM 11-5820-
540-12 for replacement procedures.

Section VII. MODULE REMOVAL AND REPLACEMENT PROCEDURES
FOR BAND III RF HEADS

3-126. Replacement of Control-Indicator 38A2

Replacement of control-indicator 38A2 is covered in chapter 6, TM 11-5820-540-12.

3-127. Replacement of Low-Pass Filter 38AR1A1FL1

a. Place the transmitter rf head right-hand side up and locate low-pass
filter 38AR1A1FL1 (fig. 3-70).

b. Disconnect the two rf leads, P2 (38AR1A1FL1J1) and P1 (38AR1A1FL1J2) from
their mating connectors.

c. Loosen the green-circled mounting screws that secure 38AR1A1FL1 to the
chassis. Remove 38AR1A1FL1.

d. To install the 38AR1A1FL1 replacement module, position the module over
the two mounting holes and tighten the mounting screws. Connect plugs P1
(38AR1A1FL1J2) and P2 (38AR1A1FL1J1) to their respective mating
connectors.

3-128. Replacement of RF Power Monitor 38AR1A2

a. Place the transmitter rf head top side up and locate rf power monitor
38AR1A2 (fig. 3-70).

b. On the front panel of the transmitter rf head, loosen and remove the
hexagonal nut that secures the PWR OUT connector to the front panel.
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c.

d.

e.

f.

g.

3-129.

a.

b.

c.

d.

3-130.

Disconnect plug P2 (38AR1A2J1) from 38AR1A2J1.

TM 11-5820-540-30

Disconnect plug P1 (38AR1A1W1J4) from 38Ar1A1W1J4 (fig. 3-68).

Remove the four red-circled mounting screws that secure rf power monitor
38AR1A2 to its bracket and remove the module.

To install the 38AR1A2 replacement module, slide connector J2 of the power
into the PWR OUT opening in the front panel and secure the hexagonal nut.
Secure 38AR1A2 to its mounting bracket with four screws.

NOTE

The PWR OUT connector hexagonal nut must be well secured
before tightening the 38AR1A2 mounting screws.

Connect plug P2 (38AR1A2J1) to 38AR1A2J1. Connect plug P1 (38AR1A1W1J4) to
38AR1A1W1J4 on the chassis and secure with two screws.

Replacement of Voltage Regulator Assembly 38AAR1A1A1

Place the transmitter rf head right-hand side up.

Locate the voltage regulator assembly 38AR1A1A1 (fig. 3-70). Loosen and
remove the four green-circled mounting screws. Pull the module up,
carefully disengaging the connector.

To install
module with

Tighten the

Replacement

the replacement module, carefully engage the connector of the
the chassis connector by pushing the module straight down.

four green-circled screws.

of Control-indicator 34A4

Replacement of control-indicator 34A4 is covered In

3-131. Replacement of Frequency Multiplier 34A2A2

a. Place the receiver rf head top side up and
(fig. 3-77).

b. Disconnect plug P1 (34A2A2J1) from 34A2A2J1

chapter 6, TM 11-5820-540-12.

locate frequency multiplier 34A2A2

of frequency mu

c. Loosen three green-circled mounting screws and carefully
disengaging it from the chassis connector.

d. To install the 34A2A2 replacement module, position
mounting holes and carefully press home the connector.

e. Tighten the three mounting screws and connect the
34A2A2J1 on the replacement module.

ltiplier 34A2A2.

lift the module,

the module over three

plug P1 (34A2A2JI) to
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3-132. Replacement of Signal Level Control-Monitor 34A5

a.

b.

c.

d.

e.

Place the receiver right-hand side Up and locate signal level control-monitor
34A5 (fig. 3-81).

Disconnect P1 (34A5J2) and P2 (34A5J1) from their mating connectors.

Loosen three green-circled mounting screws and carefully lift the module,
disengaging it from the chassis connector.

To install the 34A5 replacement module, position the module over the mounting
holes and carefully press home the connector.

Tighten the mounting screws and connect plugs P1 (34A5J2) and P2 (34A5J1) to
connectors J1 and J2 respectively of the replacement module.

3-133. Replacement of Intermediate Frequency Amplifier 34AR1

a.

b.

c.

d.

e.

Place the receiver rf head bottom side up and locate intermediate frequency
amplifier 34AR1 (fig. 3-84).

Disconnect plug 34A1W1A1P2 from 34AR1J1.

Loosen the three green-circled mounting screws and carefully lift the module,
disengaging it from the chassis connector.

To install the replacement module, position the module over the mounting holes
and carefully press home the connector.

Tighten the three mounting screws and reconnect plug 34A1W1A1P2 to 34AR1J1.

3-134. Replacement of Frequency Mixer Stage 34A7

a. Place the receiver rf head bottom side up and locate frequency mixer stage
34A7 (fig. 3-84).

b. Disconnect plug PI (34A7J2) from P2 (34A7J1) from J2 and J1 respectively of
33A7.

c. Loosen the three green-circled mounting screws and carefully lift the module,
disengaging it from the chassis connector.

d. To install the replacement module, position the module over the mounting holes
and carefully press home the connector.

e. Tighten the three mounting screws and reconnect P1 (34A7J2) and P2 (34A7J1) to
J2 and J1 respectively of 34A7.

3-135. Replacement of Power Supply 34PS1

a. Place the receiver rf head left-hand side up and locate power supply 34PS1.

b. Loosen three green-circled screws and carefully lift the module disengaging it
from the chassis connector.
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c. To install the replacement module, position the module over the mounting holes—
and carefully press home the connector.

d. Tighten the three mounting screws.—

3-136. Replacement of Low-Pass Filter 34FL1

a. Place the receiver rf head rear side up. Locate low pass filter 34FL1 (fig.—
3-77).

b. Disconnect plugs P1 (34FL1J2) and P2 (34FL1J1) from their respective connectors.—

c. Place the receiver rf head bottom side up and remove intermediate frequency—
amplifier 34AR1 as explained in paragraph 3-137.

d Remove the two mounting screws for 34FL1 which are located on the chassis under
intermediate frequency amplifier 34AR1.

e. To install the 34FL1 replacement module, place the module on the mounting holes—
and tighten the two screws from the other side of the chassis.

f. Replace intermediate frequency amplifier 34AR1 as explained in paragraph 3-137.—

g. Connect plugs P1 (34FL1J2) and P2 (34FL1J1) to their respective connectors.—

3-137. Removal and Replacement Procedures for Antenna Connector on Band II and III

a

b.—

c.—

d.—

e.—

f.—

g

h.

.i.—

(Fig. 3-88)

Remove antenna element (2) AS-2194/GRC-103(V) (Band II) or AS-2195/GRC-103(V)
(Band III) from antenna system AS-1853/GRC-103(V) (Band II) or
AS-1854/GRC-103(V) (Band III).

Remove three screws (4) and lift washer (3) off connector (1).

Unscrew connector (1) and remove.

Screw new connector (1) into antenna element assembly (2).

Replace washer (3).

Replace three screws (4), and tighten with torque driver. Tighten to 8.5 in. -
lb.

Replace antenna element (2) AS-2194/GRC-103(V) (Band II) or AS-2195/GRC-103(V)
(Band III) into antenna system AS-1853/GRC-103(V) (Band II) or
AS-1854/GRC-103(V) (Band III).

Reconnect antenna coax to receiver rf head.

With switch on receiver in REFL PWR position,
indication. Meter should read less than 20 percent

check for reflected power
of full scale.
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h.

g.

i.

j.

Replace antenna element (2) AS-2194/GRC-103(V) (Band II) or AS-2195/GRC-103(V)
(Band III) into antenna system AS-1853/GRC-103(V) (Band II) or AS-1854/GRC-
103(V) (Band III).

Reconnect antenna coax to receiver rf head.

With switch on receiver in REFL PWR position, check for reflected power indi-
cation. Meter should read less than 20 percent of full scale.

If reading is greater than 20 percent of full scale, proceed to troubleshoot
the system.

Figure 3-88. Removal of Antenna Element AS-2194/GRC-103(V) on Antenna Assembly
AS-1853/GRC-103(V) (Band II) or Antenna Element AS-2195/GRC-103(V)
on Antenna Assembly AS-1854/GRC-103(V) (Band III).
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Section VIII. TRoUBLESHOOTING (BAND IV)

3-138. General

This manual contains the systematic troubleshooting procedures required to
sectionalize a fault in the radio set and trace it to the defective module or part.
Meter readings may facilitate the location of a fault without the help of test
equipment or measuring circuits. Operational tests frequently indicate the general
location of trouble, and in many instances help in determining the nature of the
fault. Suitable starting points are provided by the operational check, loop testing
procedure, and troubleshooting charts in TM 11-5820-540-12. The modified loop test
procedure, troubleshooting charts and signal substitution procedures in the
following paragraphs are provided to facilitate localization of faulty modules by
direct support personnel.

NOTE

Replacement of one or more suspected defective modules
may be a quick and effective method of repairing a
radio set in emergency conditions.

3-139. Modified Loop Test Procedure

Refer to paragraph 3-4.

3-140. Amplifier-Frequency Multiplier AM-4323/GRC-103(V), Band IV Transmitter
RF Head (Unit 40) (Fig. 3-88, 3-89, and 3-90)

CAUTI0N

The transmitter rf head. when extended, must be
air-cooled during tests. A cooling fan must be pointed
toward the power amplifier tubes at all times. If a
cooling fan is not available, do not operate the
transmitter rf head for periods longer than 3 minutes.
Another alternative is to place the transmitter rf head
back into the transmitter case while troubleshooting
radio transmitter 5TR1,

a. General. The troubleshooting chart in b below contains troubleshooting
procedures for the transmitter fixed and rf heads (units 5TR1 and 40). Paragraphs
3-143 through 3-156 contain test procedures for the transmitter rf head only. Refer
to paragraphs 3-8 through 3-12 for test procedures for the transmitter fixed head.
For more effective troubleshooting and testing of the transmitter modules, proceed
as follows:
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Figure 3-89. Band IV Transmitter RF Head, Top View.
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Figure 3-90. Band IV Transmitter RF Head, Side View.
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Figure 3-91. Band IV Transmitter RF Head, Bottom View.
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(1) Remove the transmitter rf and fixed heads from the transmitter case.

(2) Remove the transmitter rf head dust cover.

(3) Connect the transmitter rf head to the transmitter case with cable
CX-12094/U. Connect the transmitter fixed head to the transmitter
case with CX-12092/U and CX-12093.

CAUTION

The transmitter rf head PWR OUT connector must be
connected to the dummy load during troubleshoot-
ing. Damage to the equipment will result if this
is not done.

b. Transmitter Troubleshooting Chart.—

symptom

1. When AC POWER switch is
set to ON/RESET cen-
trifugal fan does not
start, AC POWER and
LOW POWER lamps do
not light, buzzer
does not sound.*

2. 28 v and 12 v metering
negative, all other
metering zero, LOW
POWER and SYNC lamps
light.

3. 12 v negative, 28 v
full scale, 600 v
high, DRIVER normal,
all other metering
zero, LOW POWER and
SYNC lamps light.

Checks and
Probable cause corrective measures

a. Defective power supply  a. Check for 115 vac at
5TR1PS1 (fig. 3-1). connector J3 (5TR1PS1-

P1) pins 6 and 7 (para
3-8). If voltage is
present, replace 5TR1-
PS1 (para 3-50).

b. Defective switch 5TR1- b. If voltage is not pre-
A1Cb1 (fig. 3-3). sent in a above,

check for 115 vac at
switch LINE and LOAD
terminals. If indi-
cations are normal
make wiring continu-
ity checks (FO-
4-43).

Short circuit. Check for short on 28 vdc
supply line (FO-4-43,
4-77).

Short circuit.   Check for short on 26 vdc
supply line (FO-4-43,
4-77). check for short on
630 vdc supply line (FO-
4-43, 4-77).

The fan should start after 2 minutes.
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b. Transmitter Troubleshooting Chart - Continued.

Symptom

4. All metering zero, all
lamps inoperative,
centrifugal fan oper-
ates.

5. 28 v normal or zero, 12
v normal; DOUBLER,
MULT, DRIVER and PWR
OUT low; OSC high;
LOW POWER and SYNC
lamps lights.

6. When AC POWER switch is
set to ON/RESET, cen-
trifugal fan does not
start; AC POWER, LOW
POWER, and OVERHEAT
lamps light, buzzer
sounds.

7. When AC POWER switch is
set to ON/RESET, cen-
trifugal fan does not
start, OVERHEAT lamp
is not on. Buzzer
may or not sound.
All other indications
normal.

Probable cause

Short circuit.

Open circuit.

a. Defective centrifugal
fan 5A2B1 (section
x).

b. Defective power supply
5TR1PS1 (fig. 3-1).

a. Defective OVERHEAT
lamp 5TR1A2ADS4.

b. Defective pressure
differential monitor
5A2A2.

Checks and
corrective measures

Check for short on 26 vdc
supply line (FO-4-43,
4-77); check for short on
630 vdc supply line (FO-
4-43, 4-77).

Check for open on 28 vdc
Supply (FO-4-43, 4-77).
between 5TR1A1J3 (pin 1)
and 40A1W1A1P1 (pin 11).

a.

b.

a.

b.

Check for 140 vac at
connector J5 (5A2-
B1P1), pins 1 and 2
(transmitter case).
If voltage is present,
replace 5A2131 (section
x).

Check for 140 vac at
power supply filter
terminals FL5 and FL6
of 5TR1PS1 (fig. 3-2).
If no voltage is pre-
sent, replace 5TR1PS1
(para 3-50). If vol-
tage is present at FL5
and FL6 of 5TR1PS1
(fig. 3-2) but not at
pins 1 and 2 of con-
nector J5 (5A2B1P1)
(fig. 3-113) in the
transmitter case, re-
move 115 vac power
source and check for
continuity between
these two points.

Replace indicator lamp
5TR1A2ADS4.

Replace 5A2A2 (section
x).
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b. Transmitter Troubleshooting Chart - Continued .

Symptom

8. Buzzer does not sound
when any alarm lamp
lights or goes out.

9. OVERHEAT
off with

amp does not go
n 10 seconds

after AC POWER switch
is set to ON/RESET.

AC POWER switch set to
ON/RESET at room tem-
perature centrifugal fan
operates full speed
(Case CY-4637A only).

10. SYNC LAMP does not go
out within 10 seconds
after AC POWER switch
is set to ON/RESET.

Probable Cause

a. Defective buzzer
5TR1A1DS5 (fig.
3-3) .

b. Defective switch
5TR1A1S2 (fig.
3-3) .

c. Defective alarm
control 5TR1A1A2
(fig. 3-3).

Defective pressure
differential mon-
itor 5A2A2.

Defective control
itor temperature
sensor 5A2A2.

mon-

a. Defective synthe-
sizer 5TR1A2
(fig. 3-3).

b. Defect
Supp
(fig

ive power
ly 5TR1PS1
3 - 1 ) .

Checks and
Corrective Measures

a. Check for vdc at buzzer
terminals. If voltage
is present, replace
buzzer (para 3-52).

b. if voltage is not pre-
sent at buzzer term-
inals, remove 115 vac
power source and check
for continuity from
buzzer negative term-
inal to pin 5 of con-
nector J3 (5TR1PS1P1)
(fig. 3-1) and from
buzzer positive term-
inal to pin 4 of 5TR1-
A1J3. If continuity
is broken because of
5TR1A1S2, higher cate-
gory maintenance is
required.

c. If continuity is broken
because of 5TR1A1A2,
replace 5TR1A1A2 board
(para 3-45).

Rep ace 5A2A2 (Section X).

Check sensor connections.
If connections are not
defective, replace 5A2A2
(Section X).

a. Remove synthesizer (para
3-10, 3-48) and check
for 12 vdc, 26 vdc,
and 28 vdc at J1 (5TR-
1A2P2) (fig. 3-3). If
normal indications are
obtained, replace syn-
thesizer 5TR1A2 (para
3-48) .

b. f indications in a
above are abnormal,
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b.  Transmitter Troubleshooting Chart - continued
. l

Symptom

10. Continued.

11. DRIVER metering 0‰, or
greater than 100‰
(Band IV only).

12. LOW POWER light does not
go out within 60 seconds
after AC POWER switch is
set to ON/RESET. PWR
OUT position reads low.

Probable Cause

Short circuit in vol-
tage regulator
assembly 40A3 (fig.
3-90) or rf amp-
lifier 40AR1 (fig.
3-91 ) .

a. Defective rf power
monitor 40A1A1
(fig. 3-90).

b. Defective circula-
tor 40A1HY1
(fig. 3-90).

c. Defective rf ampli-
lifier 40AR1
(fig. 3-91).

Checks and
Corrective Measures

check 5TR1PS1, (para
3-8) . If abnormal in-
dications are obtained
replace 5TR1PS1 (para
3-50) .

Replace driver amplifier
tube VI (para 6-13b, TM
11-5820-540-12) . If in-
dication remains abnormal
reinstall and replace
final amplifier tube V2.
If indication remains ab-
normal, reinstall origi-
nal tube and replace vol-
tage regulator assembly
40A3 (chapter 6, para 6-
16b, TM 11-5820-540-12).
If indication remains ab-
normal, higher category
maintenance is required.

a.

b.

c*

Measure power (16.5 w
minimum) at P2 (40A1-
A1J1). If normal,
check 40A1A1 (para 3-
149).

If abnormal indication
is obtained in a above,
measure power (18.5 w
minimum at 40W3P2) (FO
4-77). If normal, check
40A1HY1 (para 3-150).

If indication is abnor-
mal in b above, measure
power at 40FL1J2 (para
3-146). If normal,
higher category main-
tenance is required.
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b.
. .Transmitter Troubleshooting Chart - Continued.

Symptom

13. LOW POWER light does not
go out within 60 seconds
after AC POWER switch is
set to ON/RESET. PWR
CUT position reads low,
DRIVER position reads
high.

14. LOW POWER light does not
go out within 60 seconds
after AC POWER switch is
set to ON/RESET. PWR
CUT position reads low.
DRIVER position reads
low.

Probable Cause

No OUTPUT CATHODE re-
gulation.
Defective power
supply 5TR1PS1
(fig. 3-1) or
voltage regulator
assembly 40A3
(fig. 3-90).

a. Defective power
supply 5TR1PS1
(fig. 3-1) or
voltage assembly
40A3 (fig. 3-90).

b. Defective rf ampli-
fier 40AR1 (fig.
3-91).

c. No DRIVER CATHODE
regulation.
Defective

Checks and
Corrective Measures

Remove transmitter 5TR1
and measure resistance
from pin 30 of connector
J8 (5TR1A1P3) (FO-4-43)
(transmitter case) to
ground (approximately 12
ohms) . If normal, replace
5TR1PS1 (para 3-50). If
abnormal, check assembly
40A3 (para 3-143).

a. Measure the power (2
watts minimum) at 40-
AR1P1 (para 3-146).
If normal, check vol-
tage at TP2 and TP4 of
40A3 (para 3-143). If
normal, disconnect
transmitter rf head
and measure resistance
between TP2 and TP4 of
40A3 (should be 1.5
ohms approximately).
If voltage at TP2 and
TP4 is abnormal, check
OUTPUT HEATER/OUTPUT
CATHODE circuit of 5T-
RIPS1 (para 3-8). If
5TR1SP1 check is normal
check continuity of
OUTPUT HEATER/OUTPUT
CATHODE wiring between
5TR1SP1 and transmitter
rf head (FO-4-43, 4-
77).

b. If power at 40W3P2 (FO-
4-76), is abnormal
(less than 18.5 watts)
higher category of
maintenance is re-
quired.

c. Remove radio transmitter
5TR1 from case and
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b.  Transmitter Troubleshooting Chart - Continued.

Symptom

14. Continued.

Probable Cause

power supply 5TR1PS1
(fig. 3-1) or voltage
regulator assembly
40A3 (fig. 3-90).

d. Defective DRIVER
CATHODE/DRIVER HEATER
circuit.

e. Defective rf amplifier
40AR1 (fig. 3-91).

Checks and
Corrective Measures

measure resistance
from pin 29 of con-
nector J8 (5TR1A1P3)
(FO-4-43) to ground
(34 ohms approxi-
mately). If normal,
replace 5TR1PS1 (para
3-50). If abnormal,
check voltage regu-
lator assembly 40A3
(para 3-143).

d. Measure power at 40FL1J2
(para 3-146). If nor-
mal, check voltage
across TP1 and TP3 of
voltage regulator
assembly 40A3 (para
3-143). If normal,
disconnect transmitter
rf head and measure
resistance between TP1
and TP3 of voltage
regulator assembly
40A3 (should be 1.5
ohms approximately).
If voltage at TP1 and
TP3 is abnormal, check
the DRIVER HEATER/
DRIVER CATHODE circuit
of 5TR1PS1 (para 3-8).
If 5TR1PS1 check is
normal, check contin-
uity of DRIVER
DRIVER CATHODE
between 5TR1PS1
transmitter rf
(FO-4-43, 4-77

HEATER/
wiring
and

head
.

e. If DRIVER CATHODE/DRIVER
HEATER circuit is nor-
mal, higher category
maintenance is re-
quired.
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b.  Transmitter Troubleshooting Chart - Continued.  

Symptom

15.

16.

17.

At channel 2960 or 2959,
and slightly above and
below, LOW POWER light
does not go out within
60 seconds after AC
POWER switch is set to
ON/RESET. PWR OUT posi-
tion reads low, DRIVER
position reads low, and
MULT position reads
normal or high.

Same as 14 above, but
at all channels.

At channel 2960 or 2959,
and slightly above and
below, LOW POWER light
does not go out within
60 seconds after AC
POWER switch is set.

Probable Cause

Dective bandpass
filter 40FL1 (fig.
3-89) .

a. Defective rf ampli-
fier 40AR1 (fig.
3-91 ) .

b. Defective bandpass
filter 40FL1 (fig.
3-89) .

c. Defective isolator
40A1AT1 (fig.
3-90) .

d. Defective cables.

a. Defective ampli-
fier frequency
multiplier
40A2 (fig. 3-90).

Checks and
Corrective Measures

Measure power at 40FL1J2
(para 3-146). If below
+24.8 dBm, higher cate-
gory maintenance is re-
quired.

a. If power at 40W3P2 (FO-
4-76) is abnormal (less
than 18.5 watts),
higher category of
maintenance is re-
quired.

b. Measure power at 40FL-
1J2 (para 3-146). If
below +24.8 dBm, higher
category of maintenance
is required.

c. Measure power at 40A-
2AR2J1 (para 3-142).
If +27.5 dBm minimum,
power is normal; check
40A1AT1 (para 3-148).

d. If a, b, and c above
check normal, test
continuity of cables
40Wl, 40W2, and 40W4
(fig. 3-90). Higher
category of maintenance
is required.

a. Check output of 40A2
(para 3-142) at 40A2-
AR2J1. If below +27.5
dBm, higher category
maintenance is required
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b.  Transmitter Troubleshooting Chart - Continued.

Symptom

17.

18.

19.

20.

Continued.

to ON/RESET. PWR OUT
position reads low,
DRIVER position reads
low and MULT position
reads low.

Same as 16 above but at
all channels.

LOW POWER light does not
go out within 60 seconds
after AC POWER switch is
set to ON/RESET. DRIVER
position reads low, MULT
position reads low, and
DOUBLER position reads
low*

LOW POWER light does not
go out within 60 seconds
after AC POWER switch is
set to ON/RESET. DRIVER
position reads low, MULT
position reads low,
DOUBLER position reads
low, OSC position reads
low.

Probable Cause

b. Defective wiring.

a. Defective wiring.

b. Defective amplifier
frequency multi-
plier 5TR1A4
(fig. 3-3).

a. Defective amplifier
frequency multi-
plier 5TR1A4 (fig
3-3).

b. Defective wiring.

a. Defective synthe-
sizer 5TR1A2
(fig.

b. Defecti

3-3) .

ve wir ing.

Checks and
Corrective Measures

b. Check continuity of 26
vdc and 28 vdc REG
wiring between 5TR1PS1
and transmitter rf head
(FO-4-43, and 4-77).

a. Measure power at ampli-
fier frequency multi-
plier 40A2AR2J1 (+27.5
dBm minimum). If ab-
normal, check for con-
tinuity from pin A1 of
40A1W1J2 to pin A2 of
J11 (5TR1A4P1) (FO-
4-43, and 4-77).

b. If the wiring continuity
check in a above is
normal, replace 5TR1A4
(para 3-50).

a. Measure power at pin A1
of J11 (5TR1A4P1) (para
3-10). If normal,
check 5TR1A4 (para
3-11).

b. Check for +28 vdc at
pin 1 of J11 (5TR1A4P1)

a. Check synthesizer 5TR1A2
(para 3-10).

b. Check inputs to 5TR1A2
at J1 (5TR1A2P2) (FO-
4-43 )
pin 1 +28 vdc
pin 2 +12 vdc
p i n 3  O v
pin 37 +28 vdc.
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b. Transmitter Troubleshooting Chart - Continued.

Symptom

21. SYNC alarm does not go
out within 10 se-
conds after AC POWER
switch is set to ON/
RESET.

22. When AC POWER switch
is set to ON/RESET,
buzzer and centri-
fugal fan operate,
LOW POWER and SYNC
alarm lights come
on, DRIVER metering
is low, all other
metering reads
zero.

23. No communication.
Metering and LOW
POWER and SYNC
alarms may or may
not indicate nor-
mal.

Probable cause

a. Defective synthesizer
5TR1A2 (fig. 3-3).

b. Defective power supply
5TR1PS1 (fig. 3-1).

Defective power supply
5TR1PS1 (fig. 3-1).

Synthesizer 5TR1A2 off
frequency due to:

a. Defective synthesizer
5TR1A2 (fig. 3-3).

b. Defective wiring.

Checks and
corrective measures

a. Check synthesizer 5TR1A2
(para 3-10).

b. Check power supply 5TRl-
PS1 (para 3-8).

Check voltage regulator am-
plifier 5TR1PS1AR1 of
power supply 5TR1PS1
(para 3-8).

a. Check synthesizer 5TR1A2
(para 3-10).

Check wiring from control-
indicator 40A4 to synthe-
sizer 5TR1A2 (FO-4-47 and
4-77).

3-141. Amplifier-Converter AM-4319/GRC-103(V), Band IV Receiver RF Head (Unit 39)
(Figs 3-92, 3-93, and 3-94)

a. General. The troubleshooting chart in b below contains troubleshooting proce-
dures receiver fixed and rf heads (units 1RE1 and 39). Since paragraphs 3-
157 through 3-168 contain test procedures for the receiver rf head only, refer to
paragraphs 3-35 through 3-42 for test procedures for the receiver fixed head. For
more effective troubleshooting and testing of the receiver modules, proceed as fol-
lows:

(1) Remove the receiver rf and fixed heads from the receiver case.

(2) Remove the receiver rf head dust cover.

3-205



TM 11-5820-540-30

(3) Connect the receiver rf head to the receiver case with cable
CX-12097/U. Connect the receiver fixed head to the receiver case
with cables CX-12095/U and CX-12096/U.

(4) Connect the receiver to a 115 vat, 47 to 420 Hz source, and 1
troubleshoot the receiver.

Figure 3-92. Band IV Receiver RF Head, Bottom View.
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Figure 3-93. Band IV Receiver RF Head, Top and Rear View.
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3-208

Figure 3-94. Band IV Receiver RF Head, Right Side View.



b. Receiver Troubleshooting chart .

Symptom

1. With AC POWER switch
set to ON, there are
no meter indications
and no alarms.

2. Buzzer does not sound
when any alarm lamp
lights or goes out.

3. AC POWER switch will
not stay on.

4. LOW SIGNAL alarm is on;
RCVR SIG metering
reads low.

Probable Cause

Defective switch 1RE1A-
1CB1 (fig. 3-40).

Defective buzzer 1RE1A-
1DS5 (fig. 3-37).

Short circuit.

a. Defective rf power
monitor 39A1A1 (fig.
3-93) .

b. Defective circulator
39A1HY1 (fig. 3-92).

c. Defective bandpass
filter 39FL1 (fig.
3-92) .

TM 11-5820-540-30

Checks and
Corrective Pleasures

Check for 115 vac at switch
LINE and LOAD terminals
of switch lRE1A1CB1 (fig.
3-40). If switch is nor-
mal, make wiring contin-
uity checks (FO-4-28).

Check for 26 vdc at termin-
als of buzzer (fig. 3-
37). If voltage is
present, replace buzzer
(para 3-60). If voltage
is not present, make
wiring continuity checks
(FO-4-28).

Make resistance check on
-12 Vdc, +12 vdc and +26
vdc lines to isolate
short circuit (FO-4-28
and 4-74).

NOTE

To gain access to
Jl, remove control-
indicator 39A4
(para 6-18.la.,TM
11-5820-540-12) .

a. Inject a signal at -60
dBm receive frequency
into J1 of circulator
39A1A1 (para 3-174).

b. Inject a signal at -62
dBm receive frequency
into P1 (39A1HY1J2)
(fig. 3-92) . If the
alarm clears, higher
category maintenance
is required.

c. Inject a signal at -65
dBm receive frequency
into 39A2J1 (fig. 3-
92). If the aarm
clears, higer cate-
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b. Receiver Troubleshooting Chart - Continued .

Symptom

4. Continued.

5. LOW SIGNAL
SIG read

alarm, RCVR
ing low, MULT

reading low, MULT
DRIVER reading nor-
mal.

6. LOW SIGNAL
SIG read
reading

 alarm, RCVR
ing low, MULT
lOW, MULT

DRIVER reading low.

Probable Cause

d. Defective electronic
frequency converter

e. Defective IF amplifier
39AR2 (fig. 3-92).

f. Local oscillator off
frequency due to:

(1) Defective synthe-
sizer 1RE1A2
(fig. 3-40) .

(2) Defective wiring.

a. Defect
multi
(fig

b. Defecti

ive frequency
plier 39A3
. 3-93).

ve bandpass
filter 39FL2 (fig.
3-94) .

Defect
39AR1

ive rf amplifier
(fig. 3-92).

Checks and
Corrective Measures

gory maintenance is
required.

d. Perform operational
check (para 3-151).

e. Inject a 30 MHz signal
at -35 dBm into 39AlW-
1A1P2 (fig. 3-92). If
the alarm clears, re-
place IF amplifier
39AR2 (para 3-175).

f.(1) Check synthesizer
(para 3-36).

(2) Check wiring from
39A4 to J3 (lREIA-
2P2) (FO-4-28 and
4-74).

a. Check that output power
level at 39A3J1 (fig.
3-93) is +10 dBm mini-
mum. If abnormal,
higher category main-
tenance is required.

b. Check that output power
level at 39W4P2 (fig.
3-92, FO-4-74), with
MULT PEAK control ad-
justed to maximum out-
put level, is +8 dBm
minimum. If abnormal,
higher category main-
tenance is required.

Check output power of the
rf amplifier 39AR1 (para
3-160).
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b. Receiver Troubleshooting Chart - Continued.—

Checks and
Symptom Probable cause corrective measures

7. SYNC alarm and/or LOW
SIGNAL alarm, RCVR
SIG reading low, MULT
reading low, MULT
DRIVER reading low,
OSC reading low.

Defective synthesizer lR- Check supply voltage at J3
E1A2 (fig. 3-40). (1REIA2P2). If normal,

replace synthesizer 1RE1-
A2 (para 3-64). If ab-
normal , check wiring (FO-
4-28 and 4-74).

3-142. Amplifier-Frequency Multiplier 40A2

a.  Test Equipment Required.

Equipment Common Name

Power Meter ME-441/U
Thermistor Mount HP-478A
Attenuator, Fixed, 20 dB, CN-1287/U
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, RF, CG-3573/U
Adapter-Connector 0S-21010

(504-800054-000)

Power meter
Thermistor mount
20 dB attenuator
CX-12094/U

b. Operational Check. 

(1) Disconnect PI (40A2AR2J1) from 40A2AR2J1 on amplifier-frequency
multiplier 40A2 (figs. 3-89 and FO-4-76).

(2) Connect the test equipment as shown in figure 3-95.

(3) Set the XMTR CHANNEL and XMTR TUNE controls to channel 2959.

(4) Set the AC POWER switch to ON/RESET. The power level should be +27.5
dBm minimum (power meter indicates +7.5 dBm).

(5) Set the XMTR CHANNEL and XMTR TUNE controls to channel 2960. The
power level should be +27.5 dBm minimum (power meter indicates +7.5
dBm).

(6) Set the AC POWER switch to OFF.

(7) Reconnect P1 (40A2AR2J1) to 40A2AR2J1 on amplifier-frequency
multiplier 40A2.
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(8) Replace the transmitter rf head if an abnormal indication was
obtained in (4) and (5) above (chapter 6, para 6-12c, TM
11-5820-540-12) .

3-143. Voltage Regulator 40A3

a. Test Equipment Required.

Equipment Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter
Cable Assembly, Special Purpose, CX-12094/U

Electrical

CAUTION

These voltage checks must be completed within the 3
minute time limit, or the driver and output stages of
the power amplifier will be damaged.

b. Operational Check.

(1) Remove the plastic protective cover from voltage regulator 40A3 (fig.
3-90).

(2) Connect the transmitter rf head to J6 on the transmitter case, using
cable CX-12028/U.

Figure 3-95. Amplifier Frequency Multiplier 40A2 Operational Check, Test Setup.

3-212



TM 11-5820-540-30

(3) Set the XMTR CHANNEL and XMTR TUNE controls to channel 2500.

(4) Set the AC POWER switch to ON/ RESET.

(5) Set the multimeter to measure dc voltage. Connect it between TP4 and TP5
with the test leads provided.

(6) Adjust the PWR OUT PEAK control for the maximum multimeter indication.

(7) Check for the correct voltages between the following voltage regulator
assembly test points with the multimeter.

Multimeter

DC
(+) (-) voltages

TP4 TP2 5.4 to 6.2
TP3 TP 1 5.4 to 6.2
TP4 TP5 13.8 0.7
TP4 TP11 3.2 1.5
TP3 TP1O 3.2 1.5

NOTE

To attain the proper voltage at TP4 and TP5, the POWER
OUT PEAK control must be readjusted for the maximum
indication.

(8) Set the AC POWER switch to OFF.

(9) Remove voltage regulator assembly 40A3 (chapter 6, para 6-16b, TM
11-5820-540-12) . Check for the correct resistance between the
following pins of 40A3P1 with the multimeter.

Resistance
Pins (ohms 10%)

14 and 5 13
8 and 5
2 and 6 270 k 

22    

(10) Reinstall the plastic protective cover which was removed in (1) above.

(11) If an abnormal indication was obtained in (7) or (9) above, replace
voltage regulator assembly 40A3 (chapter 6, para 6-16b, TM 11-5840-
12).
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3-144. Control-Indicator 40A4

Equipment Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter
Cable Assembly, Special Purpose, CX-12094/U

Electrical

b. Operational Check .

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Set the control-indicator to channel 2672.

Remove control-indicator 40A4 from the transmitter rf head (para 6-
16a, TM 11-5820-540-12).

Remove the four screws securing the control-indicator cover, and
remove the cover.

Reconnect plug P1 (40A1W1J5) to chassis connector 40A1W1J5 (figs.
3-89 and FO-4-76).

Connect the transmitter rf head to the transmitter case using cable
CX-12028/U (1 ft. 3 in.). Set the AC POWER switch to ON/RESET.

Recheck the control-indicator for the channel setting of 2672.

Check for correct voltages between the following terminals on the
command signals decoder with the multi meter.

Terminals

(+) (-)
Dc

volts

29
28
25
24
23
22
20
19

21
21
21
21
21
21
21
21

+5
+5
+5
+5
+5
+5
+5
+5
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Terminals DC
volts

+ (-)

18 21 +5
16 21 +5
15 21 +5
13 21 +5
14 21 +0.5 or less
17 21 +0.5 or less

1

(8) Set the control-indicator to channel 2671.

(9) Check for correct voltages between the following terminals on the command
signals decoder with the multimeter.

Terminals DC
volts

+) (-)

29
28
25
24
23
22
20
19
18
16
15
14
13
17

21
21
21
21
21
21
21
21
21
21
21
21
21
21

+0.5 or less
+0.5 or less
+0.5 or less

+5
+0.5 or less
+0.5 or less
+0.5 or less
+0.5 or less

+5
+0.5 or less
+0.5 or less
+0.5 or less
+0.5 or less

+5

(10) Set the control-indicator to channel 2961.

(11) Check for the correct voltages between the following terminals on the com-
mand signals decoder with the multimeter.

Terminals DC
volts

(+) (-)

24 21 +0.5 or less
18 21 +0.5 or less
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(12) Set the
cover.
above,

AC POWER switch to OFF, and reinstall the control-indicator
If abnormal indications were obtained in (7), (9), or (11)
replace control -indicator 39A4 (para 6-18.la, TM

11-5820-540-12) .

3-145. RF Amplifier 40AR1

Test Equipment Required.
a.

. .

Equipment Common Name

Wattmeter, RF, AN/USM-298
Cable Assembly, RF, CG-3568/U, 2 ft.

(2 required)
Element, Wattmeter, Bird No. 433-103, 50 W,

Modified, 1350-1850 MHz
Bird No. 10K, 1100-1800 MHz
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, RF, CG-3444/U, 1.5 ft.
Cable Assembly, RF, CG-3573/U, 2 required
Adapter-Connector, 0S-21010

(504-800054-000) 2 required
Adapter-Connector, 0S-21030

(504-800069-000), 2 required
Dummy Load, Electrical, DA-437/GRC-103(V)

Wattmeter

Element

CX-12094/U

Dummy Load

b. Operational Check.  

(1) Remove plug P1 (40AR1J2) from 40AR1J2 on unit 40AR1 (fig. 3-91).

(2) Connect test equipment as shown in A, figure 3-96.

(3) Insert the 10 w element into the wattmeter.

(4) Set the XMTR CHANNEL and XMTR TUNE controls to channel 2960.

(5) Set the transmitter AC POWER switch to ON/RESET.

(6) Adjust the PWR OUT PEAK control for the maximum power meter
indication. The meter should indicate a minimum of 2.0 watts.

(7) Set the AC POWER switch to OFF.

(8) Reconnect plug P1 (40AR1J2) to 40AR1J2.

(9) Disconnect P2 (40A1HY1J3) from 40A1HY1J3 on circulator 40A1HY1 (fig.
3-74) .
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Connect the test equipment as shown in B, figure 3-96. Insert the 50
w element into the wattmeter.

Set the transmitter AC POWER switch to ON/RESET.

Adjust the PWR OUT PEAK control for the maximum wattmeter indication.
The meter should read 18.5 watts minimum.

Set the AC POWER switch to OFF.

Replace the transmitter rf head if abnormal indications were obtained
in (6) or (12) above (para 6-12c, TM 11-5820-540-12).

Figure 3-96. RF Amplifier 40AR1 Operational Check, Test Setup.
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3-146. Bandpass Filter 40FL1

a. Test Equipment  Required .

Equipment Common Name

Power Meter NE-441/U
Thermistor Mount HP-478A
Attenuator, Fixed 20 dB, CN-1287/U
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, RF, CG-3573/U
Adapter-Connector 0S-21010

(504-800054-000)

Power meter
Termistor mount
20 dB attenuator
CX-12094/U

b.  Operational Check.

(1) Disconnect P1 (40FL1J2) from 40FL1J2 on bandpass filter 40FL1 (fig.
3-89) .

(2) Connect the equipment as shown in figure 3-97.

(3) Set the XMTR CHANNEL and XMTR TUNE controls to channel 2400.

(4) Set the transmitter AC POWER switch to ON/RESET.

(5) The power level should be +24.8 dBm minimum (power meter indication
of +4.8 dBm).

(6) Set the transmitter AC POWER switch to OFF.

(7) Reconnect P1 (40FL1J2) to 40FL1J2 on bandpass filter 40FL1.

Figure 3-97. Bandpass Filter 40FL1 Operational Check, Test Setup.
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(8) Replace the transmitter rf head if abnormal indication was obtained
in (5) above (chapter 6, para 6-12c, TM 11-5820-540-12).

3-147. Electronic Component Assembly 40A1

a.  Test Equipment Required.

Equipment Common Name

Generator, Signal, AN/USM-213
Power Meter ME-441/U
Thermistor Mount HP-478A
Cable Assembly, RF, CG-3573/U
Cable Assembly, RF, CG-3568/U, 2 ft.
Adapter-Connector 0S-21010

(504-800054-000)
Adapter-Connector UG-29B/U
Adapter-Connector UG-565A/U

Signal Generator
Power Meter
Termistor Mount

b. Qperational
. Check .

Figure 3-98. Electronic Component Assembly 40A1 Operational Check, Test Setup.
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(3) Set the signal generator for +8 dBm outside power at 1850 MHz (power
meter indicates +8 dBm).

(4) Connect the equipment as shown in B, figure 3-98. The power meter
reading should not be more than 0.5 dB lower than the reading
obtained in (3) above.

(5) If an abnormal indication was obtained in (4) above, check the
following modules:

(a) RF power monitor 40A1A1 (para 3-149).

(b) Circulator 40A1

3-148. Coaxial isolator 40A1AT1

a.  Test Equipment Required.

HY1 and electrical dummy load 40A1A2 (para 3-150).

Equipment Common Name

Power Meter ME-441/U
Thermistor Mount HP-478A
Attenuator, Fixed 20 dB, CN-l287/U
Cable Assembly, RF, CG-3573/U
Cable Assembly, Special Purpose

Electrical
Adapter-Connector 0S-21010

(504-800054-000)

Power Meter
Thermistor Mount
20 dB attenuator

CX-12094/U

b. Operational
. Check

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Disconnect P1 (40A1AT1J2) from 40A1AT1J2 on isolator 40A1AT1 (fig.
3-90).

Connect the equipment as shown in figure 3-99.

Set the transmitter AC POWER switch to ON/RESET.

Set the XMTR CHANNEL and XMTR TUNE controls to channel 2960. The
power level should be +26.8 dBm minimum (power meter indicates 6.8
dBm ).

Set the AC POWER switch to OFF.

Reconnect P1 (40A1AT1J2) to 40A1AT1J2 on the isolator.

if an abnormal indication was obtained in (4) above, replace the
coaxial isolator (para 3-167).
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EL5F/E212

Figure 3-99. Isolator 40A1AT1 Operational Check, Test Setup.
3-149. RF Power Monitor 40A1A1

a.  Test Equipment Required.

Equipment Common Name

Wattmeter,RF, AN/USM-298 Wattmeter
Element, Wattmeter, Bird No. 433-103, Element
50 W, Modified, 1350-1850 MHz “

Dummy Load, Electrical DA-437/GRC-103(V)
Cable Assembly, RF, CG-3444/U
Cable Assembly, RF, CG-3568/U
Adapter-Connector UC-564/U
Adapter-Connector UG-565/U

Dummy load

b. Operaional Check

(1) Connect the equipment as shown in figure 3-100.

(2) Set the XMTR CHANNEL and XMTR TUNE controls to channel 2960.

(3) Set the transmitter AC POWER switch to ON/RESET.

(4) Adjust the PWR OUT PEAK control for the maximum wattmeter indication.
It should read 15 watts minimum.
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(5) Set the AC POWER switch to OFF. If an abnormal Indication was
obtained In (4) above, replace power monitor 40A1A1 (para 3-168).

3-150. Circulator 40A1HY1 and Electrical Dummy Load 40A1A2

a.  Test Equipment Required.

Equipment Common Name

Multimeter, Digital, AN/USM-486 Digital Multimeter
Wattmeter, RF, AN/USM-298 (Band IV only) Wattmeter
Dummy Load, Electrical DA-437/GRC-103(V) Dummy load
Cable Assembly, Special Purpose CX-12094/U

Electrical
Cable Assembly, RF, CG-3573/U
Cable Assembly, RF, CG-3568/U
Cable Assembly, RF, CG-3444/U
Adapter-Connector 0S-21010

(504-800054-000)
Adapter-Connector UG-564A/U
Element, Wattmeter, Bird No. 433-103, Element

50 W, Modified, 1350-1850 MHz

b.  Operational Check.

(1) Set the transmitter AC POWER switch to OFF.

(2) Set the multimeter to the RX1 scale.

Figure 3-100. RF Power Monitor 40A1A1 Operational Check, Test Setup.

3-222



(3)

(4)

(5)

(6)

(7)

(6)

(9)

(10)

(11)

(12)

Connect the multimeter between the
CUT connector 40A1A1J2 on the front
If a reading of 45 to 55 ohms is

TM 11-5820-540-30

center and outer conductors of PWR
panel of the transmitter rf head.
not obtained, replace dummy load

40A1A2 (para 3-161) and check circulator 40A1HY1 as indicated in (4)
through (12) below.

Disconnect P1 (40A1HY1J1) from 40A1HY1J1 on circulator 40A1HY1 (fig.
3-90).

Connect the equipment as shown in figure 3-101.

Set the XMTR CHANNEL and XMTR TUNE controls to channel 2960.

Insert the element into the wattmeter.

Set the transmitter AC POWER switch to ON/RESET.

Adjust the PWR OUT PEAK control for the maximum wattmeter indication.
The meter should indicate a minimum of 16 watts.

Set the AC POWER switch to OFF.

Reconnect plug P1 (40A1HY1J1) to

If an abnormal indication was
circulator 40A1HY1 (para 3-171).

40A1HY1J1 on circulator 40A1HY1.

obtained in (9) above, replace the

Figure 3-101. Circulator 40A1HY1 and Electrical Load 40A1A2 Operational Check,
Test Setup.
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3-151. Electronic Frequency Converter 39A2

a.  Test Equipment Required.

Equipment

Generator, Signal, AN/USM-213
Power Meter ME-441/U
Thermistor Mount HP-478A
Cable Assembly, Special Purpose

Electrical
Cable Assembly, RF, CG-3568/U, 2 ft.
Cable Assembly, RF, CG-3573/U
Adapter-Connector, UG-201A/U
Adapter-Connector, UG-565A/U
Adapter-Connector, 0S-21010

(504-800054-000)
Adapter-Connector, 0S-20200-2
Attenuator, Fixed, 10 dB, CN-1286/U
Voltmeter, RF, ME-426/U

Common Name

Signal Generator
Power Meter
Thermistor Mount
CX-12097/U

10 dB attenuator
RF, Voltmeter

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Connect the equipment as shown in Al, figure 3-102).

Tune the receiver to channel 3000. Set the signal generator to 1700
MHz.

Set the receiver AC POWER switch to ON.

Increase the signal generator output level until the high signal
al arm operates (buzzer may sound if not muted). The signal generator
output level should not exceed +15 dBm. (The power meter should
indicate +5 dBm maximum when connected as in A2.)

Set the AC POWER switch to OFF.

Disconnect P2 (390A1W1A1) from 39A2J2 on IF amplifier 39AR2 (fig.
3-92) .

Connect the equipment as shown in B, figure 3-102.

Set the signal generator output level to -80 dBm.

Set the AC POWER switch to ON. The RF voltmeter should indicate
between -28 dBm and -22 dBm.

(10) Set the AC POWER switch to OFF.

(11) Reconnect P2 (39A1N1A1) to 39AR2J1 on IF amplifier 39AR2.

(12) If an abnormal indication was obtained in (4) or (9) above, replace
electronic frequency converter 39A2 (para 3-172).
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Figure 3-102. Electronic Frequency Converter 39A2 Operational Check, Test Setup.
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3-152. Frequency Multiplier 39A3

a.  Test Equipment Required.

Equipment Common Name

Power Meter ME-441/U
Thermistor Mount HP-478A
Attenuator, Fixed 10 dB, CN-1286/U
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, RF, CG-3573/U
Adapter-Connector 0S-21010

(504-800054-000)

Power Meter
Thermistor Mount
10 dB attenuator
CX-12097/U

12.  Operational Check.

(1) Disconnect P1 (39A3A2J1) from 39A3A2J1 on frequency multiplier 39A3
(fig. 3-93).

(2) Connect the equipment as shown in figure 3-103.

(3) Set the RCVR CHANNEL and RCVR SIG controls to channel 2899.

(4) Set the receiver AC POWER switch to ON, and adjust the MULT PEAK
control for the maximum power meter indication. The power level
should be +10 dBm minimum (power meter indicates O dBm).

(5) Set the RCVR CHANNEL and RCVR SIG controls to channel 2900.

Figure 3-103. Frequency Multiplier 39A3 Operational Check, Test Setup.
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(6) Adjust the MULT PEAK control for the maximum power meter indication. The
meter should indicate +12 dbm (±4 db).

(7) Set the AC POWER switch to OFF. If an abnormal indication was obtained in
(4) or (6) above, replace the receiver rf head (para 6-12c, TM 11-5820-540-
12).

3-153. Control-Indicator 39A4

a. Test Equipment Required.

Equipment Common name

Multimeter, Digital, AN/USM-486 Digital Multimeter
Cable Assembly, Special Purpose CX-12097/U

Electrical

a. Operational Check.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Set the control-indicator to channel 2612.

Remove control-indicator 39A4 from the receiver rf head (para 6-18.1a, TM
11-5820-540-12).

Remove the four screws securing the control-indicator cover. Remove the
cover.

Reconnect plug P1 (39A1W1J2) to chassis connector 39A1W1J2 (fig. 3-93).

Connect the receiver rf head to the receiver case, using cable CX-12061/U
(1 ft. 3 in.). Set the AC POWER switch to ON.

Make sure the control-indicator is set to channel 2612.

Check for the correct voltage between the following terminals on the com-
mand signals decoder with the multimeter.

Terminals DC
volts

(+) (-)

29 21 +5
28 21 +5
25 21 +5
24 21 +10
23 21 +5
22 21 +5
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Terminals DC
volts

20
19
18
16
15
13
14
17

21
21
21
21
21
21
21
21

+5
+5
+5
+5
+5
+5

+0.5 or less
+0.5 or less

(8) Set the control-indicator to channel 2611.

(9) Check for correct voltages between the following terminals on the command
signals decoder with the multimeter.

Terminals

+ (-)

29 21
28 21
25 21
24 21
23 21
22 21
20 21
19 21
18 21
16 21
15 21
14 21
13 21
17 21

DC
volts

+0.5 or less
+0.5 or less
+0.5 or less

+5 
+0.5 or less
+0.5 or less
+0.5 or less
+0.5 or less

+ 5
+0.5 or less
+0.5 or less
+0.5 or less
+0.5 or less

+5

(10) Set the control-indicator to channel 2901.

(11) Check for correct voltages between the following terminals on the command
signals decoder with the multimeter.

Terminals DC
volts

+ (-)

24 21 +0.5  or less
18 21 +0.5 or less
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(12) Set the AC POWER switch to OFF, and reinstall the control-indicator cover.
If abnormal indications were obtained in (7), (9) or (11) above, replace
control-indicator 39A4 (para 6-18.1a, TM 11-5820-540-12).

3-154. RF Amplifier 39AR1

a.  Test Equipment Reqired.

Equipment Common Name

Power Meter ME-441/U Power Meter
Thermistor Mount HP-478A Thermistor Mount
Attenuator, Fixed 20 dB, CN-1287/U 20 dB attenuator
Attenuator, Fixed 10 dB, CN-1286/U 10 dB attenuator
Cable Assembly, Special Purpose, CX-12097/U

Electrical
Cable Assembly, RF, CG-3570/U
Adapter-Connector UG-201A/U
Adapter-Connector UG-29B/U

b.  Operational check.  

(1) Remove frequency multiplier 39A3 (fig. 3-93) as follows:

(a) Rotate the RCVR SIG and MULT PEAK controls fully clockwise.

(b) Lock the drive shaft of frequency multiplier 39A3 with the
locking clamp provided.

(c) Disconnect plug P1 (39A3A2J1) from 39A3A2J1 on frequency
multiplier 39A3.

(d) Remove the three red-circled mounting screws that secure
frequency multiplier 39A3. Lift the module carefully,
disengaging the drive shaft from the flexible coupling as well
as the mating connector.

(2) Connect the equipment as shown in figure 3-104.

(3) Set the RCVR CHANNEL control to channel 2900.

(4) Set the receiver AC POWER switch to ON. The power meter should
ind

(5) Set

ca+e -0.5 dBm minimum (+29.5 dBm output from the unit under test).

the AC POWER switch to OFF.

ace frequency multiplier 39A3, reversing the removal procedure(6) Rep
outlined in (1) above.

(7) If an abnormal indication was obtained in (4) above, replace rf
amplifier 39AR1 (para 6-18.lc, TM 11-5820-540-12).
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EL5RE217

F i g u r e  3 - 1 0 4 . R F  A m p l i f i e r  3 9 A R 1  O p e r a t i o n a l  C h e c k ,  T e s t  S e t u p .

3 - 1 5 5 . I F  A m p l i f i e r  3 9 A R 2

a .  T e s t  E q u i p m e n t  R e q u i r e d . 

E q u i p m e n t

G e n e r a t o r ,  S i g n a l ,  S G - 1 1 7 0 / U
Power Meter  ME-441/U
T h e r m i s t o r  M o u n t  H P - 4 7 8 A
C a b l e  A s s e m b l y ,  S p e c i a l  P u r p o s e

E l e c t r i c a l
C a b l e  A s s e m b l y ,  R F ,  C G - 3 5 6 8 / U ,  2  f t .
C a b l e  A s s e m b l y ,  R F ,  C G - 3 5 7 0 / U
C a b l e  A s s e m b l y ,  R F ,  C G - 3 5 7 3 / U
A d a p t e r - C o n n e c t o r  U G - 2 9 B / U
A d a p t e r - C o n n e c t o r  U G - 2 0 1 A / U
A d a p t e r - C o n n e c t o r  0 S - 2 0 2 0 0 - 2
A d a p t e r - C o n n e c t o r  0 S - 2 1 0 1 0

( 5 0 4 - 8 0 0 0 5 4 - 0 0 0 )
V o l t m e t e r ,  R F ,  M E - 4 2 6 / U

Common Name

S i g n a l  G e n e r a t o r
Power  Meter
T h e r m i s t o r  M o u n t
CX-12097/U

C G - 3 5 7 0 / U  ( 6  i n . )

R F  V o l t m e t e r

b.  Operational Check..

( 1 )  R e m o v e  f r e q u e n c y  c o n v e r t e r  3 9 A 2  ( p a r a  3 - 1 7 2 ) .

( 2 )  D i s c o n n e c t  p l u g  P 2  ( 3 9 A 1 W 1 A 1 )  f r o m  3 9 A R 2 J 1  o n  i f  a m p l i f i e r
39AR2 (fig. 3-92).

( 3 )  C o n n e c t  t h e  e q u i p m e n t  a s  s h o w n  i n  f i g u r e  3 - 1 0 5 .

3 - 2 3 0
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Figure 3-105. IF Amplifier 39AR2 Operational Check, Test Setup.

(4) Set the signal generator frequency to 30 MHz, at an output level of
-75 dBm.

(5) Set the receiver AC POWER switch to ON. The RF Voltmeter should
Indicate between -28 dBm and -22 dBm.

(6) Set the AC POWER switch to OFF.

(7) Reconnect plug P2 (39A1W1A1) to 39AR2J1 cn IF amplifier 39AR2.

(8) Reinstall frequency converter 39A2 (para 3-173).

(9) If an abnormal Indication was obtained in (5) above, replace IF
amplifier 39AR2 (para 3-176).

3-156. Bandpass Filter 39FL1

a.  Test Equipment Required.

Equipment Common Name

Generator, Signal, AN/USM-213 Signal Generator
Power Meter ME-441/U Power Meter
Cable Assembly,

Electrical
Cable Assembly,

(2 required)
Cable Assembly,

Special Purpose, CX-12097/U

RF, CG-3573/U 4.8 in.

RF, CG-3568/U
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a.  Test Equipment Required - Continued.

Equipment Common Name

Adapter-Connector CS-2103O
(504-8OO069-OCO) (2 required)

Thermistor Mount HP-478A Thermistor Mount

b. Operational Check.

(1) Disconnect P2 (39FL1J1) from 39FL1J1 and P1 (39FL1
bandpass filter 39FL1 (fig. 3-94).

(2) Connect the equipment as shown in A, figure 3-106.

J2) from 39FL1J2 on

(3) Set the signal generator to 1850 MHz and adjust the output level for
an indication of +5 dBm on the power meter.

(4) Connect the equipment as shown in B, figure 3-106. Set REC SIG
control to channel 3300.

(5) Tune the REC SIG control for maximum power meter indication. The
power meter should indicate not less than +3.0 dBm.

(6) Reconnect P2 (39FL1J1) to 39FL1J1 and PI (39FL1J2) to 39FL1J2.

Figure 3-106. Bandpass Filter 39FL1 Operational Check, Test Setup.
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(7) If an abnormal indication was obtained in (5) above, replace the
receiver rf head (para 6-12c, TM 11-5820-540-12).

3-157. Bandpass Filter 39FL2

a.  Test Equipment Required.  

Equipment Common Name

Generator, Signal, AN/USM-213
Power Meter ME-441/U
Thermistor Mount HP-478A
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, RF, CG-3573/U
Adapter-Ccnnector 0S-21010

(504-800054-000)

Signal Generator
Power Meter
Thermistor Mount
CX-12097/U

b.  Operational Check.

(1) Disconnect P1 (39A3A2J1) from 39A3A2J1 on frequency multiplier 39A3
(fig. 3-93).

(2) Connect the equipment as shown in A, figure 3-107.

(3) Set the RCVR CHANNEL and RCVR SIG controls to channel 2900.

Figure 3-107. Bandpass Filter 39FL2 Operational Check, Test Setup.
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(4) Set the signal generator to 1680 MHz.

(5) Set the signal generator for a power meter indication of O dBm.

(6) Remove cable 39W4 from 39FL2J2 on bandpass filter 39FL2 (fig. 3-92).

(7) Connect the equipment as shown in B, figure 3-107.

(8) Tune MULT PEAK control for maximum indication on power meter. Power
meter should indicate not less than -2.0 dBm.

(9) Reconnect cable 39W4 to 39FL2J2 of bandpass filter 39FL2 and P1
(39A3A2J1) to 39A3A3J1.

(10) If an abnormal indication was obtained in (7) above, replace the
receiver rf head (para 6-12c, TM 11-5820-540-12).

3-158. Bandpass Filter 39FL3

a. Test Equipment Required .

Equipment Common Name

Wattmeter, RF, AN/USN-298 (Band IV only)
Element, Wattmeter, Bird No. 25K

1100-1800 MHz
Dummy Load, Electrical DA-437/GRC-103(V)
Cable Assembly,

Electrical
Cable Assembly,

(2 required)
Cable Assembly,

(2 required)
Cable Assembly,

Special Purpose,

RF, CG-3573/U

RF, CG-3568/U, 2 ft.

RF, CG-3444/U, 1.5 ft.
Adapter-Connector 0S-21010

(504-800054-000) (2 required)
Adapter-Connector UG-564A/U
Adapter-Connector UG-565A/U

Wattmeter
Element

Dummy Load
CX-12097/U

b.  Operational Check.

(1) Disconnect P2 (39FL3J2) from plug P1 (39FL3J1) from 39FL3J2 and
39FL3J1

(2) Connect

(3) Set the
2960.

(4) Set the

respectively (figs. 3-92 and 3-101).

the equipment as shown in figure 3-108.

XMTR CHANNEL, XMTR TUNE, and XMTR DUPL

transmitter AC POWER switch to ON/RESET.

controls to channel
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Figure 3-108. Bandpass Filter 39FL3 Operational Check, Test Setup.

(5) Adjust the XMTR DUPL and PWR OUT PEAK controls for the maximum
wattmeter indication. The meter should read 12 watts minimum.

(6) Set the AC POWER switch to OFF. If an abnormal indication was
obtained in (5) above, replace the receiver rf head (para 6-12c, TM
11-5820-540-12) .

3-159. Electronic Component Assembly 39A1

a.  Test Equipment Required.

Equipment Common Name

Generator, Signal, ANN/USM-213
Power Meter ME-441/U
Thermistor Mount HP-478A
Cable Assembly, RF, CG-3568/U, 2 ft.
Cable Assembly, RF, CG-3573/U
Adapter-Connector 0S-21010

(504-800054-000)
Adapter-Connector UG-29B/U
Adapter-Connector UG-565A/U

Signal Generator
Power Meter
Thermistor Mount
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Figure 3-109.

EL5RE222

Electronic Component Assembly 39A1 Operational Check, Test Setup.

b. Operational Check .

(1) Disconnect P2 (39A1HY1J3) from 39A1HY1J3 on circulator 39A1HY1 (fig.
3-92) .

(2) Connect the equipment as

(3) Set the signal generator
meter indicates +8 dBm).

shown

for +8

(4) Connect the equipment as shcw

n A, figure 3-109.

dBm output power at 1850 MHz (power

n in B, figure 3-109. The power meter
reading should not be more than 0.5 dB lower than the reading
recorded in (3) above.

(5) If an abnormal indication was obtained in (4) above, check the
following modules.

(a) RF power monitor 39A1A1 (para 3-160).

(b) Circulator 39A1HY1 (para 3-161).

3-160. RF Power Monitor 39A1A1

a. Test Equipment Required .

Equipment Common Name

Wattmeter, RF, AN/USM-298 (Band IV only)
Element, Wattmeter, Bird No. 25K

110O-1800 MHz
Dummy Load, Electrical DA-437/GRC-103(V)

Wattmeter
Element

Dummy Load
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a. Test Equipment Required - Continued.

Equipment Common name

Cable Assembly, Rf CG-3568/U, 2 ft.
Cable Assembly, Rf CG-3444/U, 1.5 ft.
Cable Assembly, Rf CG-3569/U, 2 ft.
Adapter-Connector UG-565 A/U

b.  Operational Check.

(1) Connect

(2) Set the

(3) Set the

(4) Set the

(5) Set the
cation.

(6) Set the

the equipment as shown

XMTR CHANNEL, XMTR TUNE

in figure 3-110.

RCVR SIG control to channel

transmitter AC POWER switch

and XMTR DUPL controls to channel 2960.

2900.

to ON/RESET.

XMTR DUPL and PWR OUT PEAK controls for the maximum wattmeter indi-
The meter should read 9 watts minimum.

transmitter AC POWER switch to OFF.

(7) If an abnormal indication was obtained in (5) above, replace the rf power
monitor 39A1A1 (para 3-184).

Figure 3-110. RF Power Monitor 39A1A1 Operational Check, Test Setup.
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3-161. Circulator 39A1HY1

a. Test Equipment Required .

Equipment

Wattmeter, RF, AN/USM-298 (Band IV only)
Element, Wattmeter, Bird No. 25K

1100-1800 MHz
Dummy Load, Electrical DA-437/GRC-103(V)
Cable Assembly, RF, CG-3568/U, 2 ft.

(2 required)
Cable Assembly, Special Purpose,

Electrical
Cable Assembly, RF, CG-3444/U (3.5 ft.)
Cable Assembly, RF, CG-3573/U

(2 required)
Adapter-Connector UG-29B/U
Adapter-Connector UG-565A/U
Adapter-Connector OS-21O1O

(504-800054-000)
Adapter-Connector 0S-21030
Attenuator, Fixed, 10 dB, CN-1286/U
Attenuator, Fixed, 20 dB, CN-1287/U
Thermistor Mount HP-478A
Power Meter ME-44l/U with Thermistor

Mount HP-478A

Common Name

Hattmeter
Element

Dummy Load

CX-12097/U

10 dB attenuator
20 dB attenuator
Thermistor Mount
Power Meter Thermistor Mount

b. Operational Check.

(1) See figure 3-93 and remove control-indicator 39A4 from the receiver
rf head- (para 6-18.1a TM 11-5820-540-12).

(2) Disconnect P2 (39A1HY1J1) from 39A1HY1J1
4-73) .

(3) Connect the equipment as shown in A, figure

(4) Set the XMTR CHANNEL, XMTR
2960.

(5) Set the RCVR SIG control to

(6) Insert the element into the

TUNE and XMTR

channel 2900.

wattmeter.

on circulator 39A1HY1 (FO-

3-111.

DUPL controls to channel

(7) Set the transmitter AC POWER switch to ON/RESET.

(8) Adjust the XMTR DUPL and PWR OUT PEAK controls for the maximum
wattmeter indication. The meter should read 11 watts minimum.
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(9) Set the AC POWER switch to OFF.

(10) Disconnect test cable CG-3573/U from J1 on the circulator. Reconnect
plug P2 (39A1HY1J1) from 39A1HY1J10

(11) Disconnect plug P1 (39A1HY1J2) from 39A1HY1J2 and plug P2 (39A1HY1J3)
from 39A1HY1J3 on circulator 39A1HY1.

(12) Disconnect plug P1 (39FL3J1) from 39FL3J1 on bandpass filter 39FL3.
Connect the test equipment as shown in figure 3-111.

Figure 3-111. Circulator 39A1HY1 Operational Check, Test Setup.
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(13)

(14)

(15)

(16)

(17)

(18)

(19)

Set the transmitter AC POWER switch to ON/RESET.

Adjust XMTR DUPL and PWR CUT PEAK controls for a 12 watt indication
on the wattmeter.

Note the power meter indication.
(power meter indication of -5 dBm).

Set the AC POWER switch to OFF.

Reconnect plug PI (39A1HY1J2) to 39A
39A1HY1J3 on the circulator, and
39FL3J1.

t should not be more than +25 dBm

HY1J2 and plug P2 (39A1HY1J3) to
reconnect plug PI (39FL3J1) to

Reinstall  control-indicatortor 39A4 in the receiver RF head (chapter 6,
para 6-18.1a, TM 11-5820-540-12).

If an abnormal indication was obtained in (8) or (15) above, replace
the receiver RF head (chapter 6, para 6-12c, TM 11-5820-540-12).

3-162. Antenna AS-3047/GRC-103(V), Unit 41

Test Equipment Required.
a. .

Equipment

Multi meter, Digital, AN/USM-486

h.  Operational Check.

(1) Check that there is no mechanica

(a) Antenna Feed 41A1.

(b) Reflector 41A2.

Common Name

Digital Multimeter

damage at the following points:

(c) Adapter-Connector MS 90579-1375.

(d) RF Cable Assemblies CG-3443/U and CG-3444/U.

(2) Check Adapter-Connector MS 90579-1375, CG-3443/U, and CG-3444/U for
continuity or short circuit between inner and outer conductors.

(3) Check the Antenna Feed as described in paragraph 3-163.

(4) If an abnormal indication was obtained in 1 (2), or (3) above,
replace the defective component. If the antenna is still
inoperative, higher category maintenance is required.
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3-163. Antenna Feed 41A1

a. Test Equipment Required. 

Equipment

Multimeter, Digital, AN/USM-486

Common Name

Digital Multimeter

b. Operational Check .

(1) Remove cable assembly CG-3444/U from the antenna feed end connector
(fig. 5-112).

(2) Using the multi meter, check that there is a short circuit between the
center and outer conductors of the end connector in the antenna feed
assembly.

(3) If an abnormal indication was obtained in (2) above, higher category
of maintenance is requircd.

Figure 3-112.  Band IV antenna AS-3047/GRC-103(V), Side View.
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Section IX. MODULE REMOVAL AND REPLACEMENT PROCEDURES
FOR BAND IV RF HEADS

3-164. General

When trouble has been localized to a modu
part as indicated in the paragraphs below.
check connectors for bent or damaged p

le of the radio set, replace the defective
Before installing a replacement module,
ins.  Make sure multipin connectors are  

properly mated and pressed home before mounting screws are tightened. Whenever
difficulty is encountered in mating connectors, remove the applicable module and
inspect the connectors for damage.

3-165. Additional Equipment Required

In addition to the equipment listed in paragraph 3-45, the following is required.

Description Purpose

Torque Wrench, Omni-Spectra model T-8438, 2 in. = lb. Tighten rf connectors

3-166. Voltage Regulator 40A3

Replacement of the
11-5820-540-12.

3-167. Control-indi

Replacement of the
11-5820-540-12.

3-168. Coaxial Isola

voltage regulator is covered in chapter 6, paragraph 6-16b of TM

cater 40A4

control-indicator is covered in chapter 6, paracgraph 6-16a of TM

tor 40A1AT1

Replace the isolator in accordance with the following:

a. Replace the transmitter rf head top side up. Locate coaxial isolator
40A1AT1 (fig. 3-90).

b. Disconnect plug P2 (40A1AT1J1) from 40A1AT1J1 and plug P1 (40A1AT1J2)
from 40A1AT1J2.

c. Remove the three green-circled mounting screws. Lift the module free.

d. Aline the replacement modul
mounting screws.

3-169. RF Power Monitor 40A1A1

Replace the monitor as follows:

a. Place the transmitter rf
40A1A1 (fig. 3-90).
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b.

c.

d.

e.

f.

g.

h.

3-170.
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Loosen and remove the hexagonal nut that secures the PWR CUT connector
to the front panel of the transmitter rf head.

Disconnect plug P1 (40A1W1J1) from 40A1W1J1 (fig. 3-89). Remove the
cable clamp to free the cable.

Disconnect plug P2 (40A1A1J1) from 40A1A1J1 (fig. 3-90).

Remove the four green-circled screws that secure the power monitor to the
mounting bracket. Remove the monitor.

Slide monitor connecter J2 of the replacement module into
opening on the front panel. Replace the hexagonal nut.

NOTE

The hexagonal nut must be well-secured before the four
screws are tightened.

Secure the replacement module to the mounting bracket wi
screws removed in e above.

Connect plug P2 (40A1A1J1) and plug P1 (40A1W1J1) to 40AlW1
the cable clamp.

Electrical Dummy Load 40A1A2

Replace the electrical dummy load as follows:

the PWR OUT

th the four

J1. Replace

a. Place the transmitter rf head top side up. Locate e ectrical dummy load
40A1A2 (fig. 3-90).

b. Disconnect plug P2 (40A1A2JI) from 40A1A2JI.

c. Remove the two green-circled screws that secure the electrical dummy load
to the housing. Remove the electrical dummy load carefully.

d. Aline the replacement module with the mounting holes. Replace the two
green-circled screws.

e. Reconnect plug P2 (40A1A2J1) to 40A1A2J1.

3-171. Circulator 40A1HY1

Replace the circulator as follows:

a. Place the transmitter rf head top side up. Locate circulator 40A1HY1
(fig. 3-90) .

b. Disconnect plug P1 (40A1HY1J1) from 40A1HY1J1, plug P2 (40A1HY1J3) from
40A1HY1J3 and plug P1 (40A1HY1J2) from 40A1HY1J2.

!2. Remove the two green-circled screws that secure the circulator to the
mounting bracket. Remove the circulator along with the mounting plate.
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        d.   Remove the mounting plate from the existing circulator.  Attach the 
 plate to the replacement module.

 
e.    Position the replacement module over the mounting bracket.  Replace the

two green-circled screws.

f .   Reconnect the plugs which were disconnected in b above.    

3-172. Electrical Shield 40MP3

Replace the electrical shield as follows:

a. Place the transmitter
40MP3 (fig. 3-89). 

b. Remove the six green-c
free.

c. Aline the replacement
green-circled screws.

rf head top side up. Locate electrical shie

rcled mounting screws. Carefully lift the modu

module with the mounti ng holes. Replace the six

d

e

3-173. Electronic Frequency Converter 39A2

Replace the electronic frequency converter as follows:

a. Place the receiver rf head bottom side up. Locate electronic frequency
converter 39A2 (fig. 3-92).

b. Disconnect plug P2 (39A2J1) from 39A2J1 and plug P2 (39A2J2) from 39A2J2.

c. Remove the three green-circled screws. Raise the converter carefully,
disengaging it from the chassis connector.

d. Position the replacement module over the mounting holes. Press down
carefully, engaging the chassis connector.

e. Replace the three green-circled screws.

f. Reconnect plug P2 (39A2J1) to 39A2J1 and plug P2 (39A2J2) to 39A2J2.

3-1740 Control-Indicator 39A4

Replacement of the control-indicator is covered in paragraph 6-18.1a, TM
11-5820-540-12.

3-175. RF Amplifier 39AR1

Replacement of the control -indicator is covered in paragraph 6-18.1a, TM
11-5820-540-12.

3-176. IF Amplifier 39AR2

Replace the if amplifier as follows:
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Place the receiver rf head top side up and locate if amplifier 39AR2
(fig. 3-92).

Remove control-indicator 39A4 (para 6-18.la, TM 11-5820-540-12).

Disconnect plug 39A1W1A1PZ from 39AR2J1.

Remove the three green-circled mounting screws. Raise the amplifier
carefully, disengaging it from the chassis connector.

Position the replacement module over the mounting holes. Press down
carefully, engaging the chassis connector.

Replace the three green-circled screws, and reconnect plug 39A1WIA1P2 to
39AR2J1.

3-177. RF Power Monitor 39A1A1

Replace the power monitor as follows:

a.

b.

c

d.

e.

f.

g.

h.

i.

j.

Place the receiver rf head to side up. Locate rf power monitor 39A1A1
and control-indicator 39A4 (fig. 3-93).

Remove control-indicator 59A4 (para 6-l8.la, TM 11-5820-540-12.

Loosen both retaining screws, and disconnect plug P1 (39A1W1J1) from
39A1W1J1.

Disconnect plug P1 (39A1A1J2) from 39A1A1J2, as well as plug P1
(39A1A1J1) from 39A1A1J1.

Remove the three green-circled mounting screws; remove the monitor.

Remove the mounting plate from the existing monitor. Secure the plate to
the replacement module.

Position the replacement module over
three screws.

Reconnect plug P1 (39A1A1J1) to 39A
39A1A1J2.

Reconnect plug P1 (39A1W1J1) to

Replace control-indicator 39A4

the mounting holes. Replace the

A1 and plug P1 (59A1A1J2) to

39A1W1J1. Replace both retaining screws.

para 6-18.1a, TM 11-5820-540-12).

Section X. REMOVAL AND REPLACEMENT OF CENTRIFUGAL FAN 5A2B1 AND
PRESSURE DIFFERENTIAL MONITOR 5A2A2 FROM TRANSMITTER
CASE.CY-4637/GRC-103(V) OR CENTRIFUGAL FAN 5A2B1 AND
CONTROL MONITOR TEMPERATURE SENSOR 5A2A2 FROM
TRANSMITTER CASE 4637A/GRC-103(V)

3-178. General 
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There are two versions of the transmitter case, (CY-4637/GRC-103(V) and
CY-4637A/GRC-103( V)). In both versions, the
5A2A2 must be removed together. Removal
covered separately.

centrifugal fan 5A2B1 and sub-assembly
and replacement of the two versions are

NOTE

Whenever a 5A2Bl or 5A2A2 is to be replaced, both units
must be removed from the transmitter case. The faulty
unit is set aside, and the new unit is carefully mated
with the operational unit through the square rubber
tube that is glued to the pressure differential
monitor. Then they are to be held together carefully
and replaced in the transmitter case as a unit to
maintain a tight air seal at the scroll (air outlet) of
centrigual fan 5A2B1.

3-179. Remove Transmitter Case

a. Remove the transmitter

b. Unsolder and remove
pressure differential

c. Loosen the two screws

(CY-4637/GRC-103(V)) (Fig. 3-113)

fixed and rf heads from transmitter case 5A2.

the wires that are connected to E3 and E4 on the
monitor. Tag or mark the wires for identification.

that secure plug PI to its mating connector.

d. Loosen and remove the four mounting screws that secure the pressure
differential monitor to the rear wall of the transmitter case. (Two of the
screw heads are accessible from the back of the rear wall.)

e. In radio transmitter 5TR1 compartment, remove the three nuts and
lockwashers that secure 5A2B1 to the partition wall. Remove 5A2B1 and
5A2A2 .

f. Slip off the square rubber tube from the scroll of 5A2B1 to detach it from
5A2A2 .

3-180. Remove Transmitter Case (CY-4637A/GRC-103(V)) (Fig. 3-114)

a.

b.

d..

E.

g.
3-246

Remove the transmitter fixed and rf heads from transmitter case 5A2.

Loosen the two screws that secure connector P1 to J1 (5A2A2).

Loosen the two screws that secure the fan connector P1 to J5 (5A2A1).

Loosen and remove the two mounting screws that secure the control monitor
(5A2A2).

Disconnect the two connectors and remove control monitor temperature
sensor 5A2A2.

In the radio transmitter compartment 5TR1, remove the three nuts and
lockwashers that secure fan 5A2B1 to the partition wall.

Remove fan 5A2B1.
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RADIO TRANSMITTER
5TRI COMPARTMENT

TRANSMITTER RF HEAD
COMPARTMENT

EL5RE226

Figure 3-113. Case Transmitter CY-4637/GRC-103(V), Front View.
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3-181. Replacement Transmitter Case (CY-4637/GRC-103(V)) (Fig. 3-113)

a. Mate the replacement unit (5A2B1 or 5A2A2) with the other by Sliding the
square rubber tube that is glued to 5A2A2 over the scroll of 5A2B1. This
must be done with care, since the tube is sized to make a tight fit
around the scroll. Be sure the fit is tight and the tube is slipped on
the scroll as far as it will go. Check l-o see that the small connecting
tube on the pressure differential monitor is properly connected.

b. Holding the two units together, place the 5A2Bl into its position of the
partition wall. Fit the lockwashers and nuts over the three bolts and
tighten the nuts. Install and tighten the mounting screws that were
removed in 3-180 d above. Replace the transmitter fixed and rf heads.

CENTRIFUGAL CONTROL MONITOR
FAN TEMPERATURE SENSOR

RADIO TRANSMITTER TRANSMITTER RF HEAD
5TRI COMPARTMENT COMPARTMENT

EL5RE227

Figure 3-114. Case Transmitter CY-4637A?GRC-103(V), Front View.
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3-182. Replacement Transmitter Case (CY-4637A/GRC-l03(V1) (Fig. 3-114)

a. Secure fan 5A2B1 to the partition wall by replacing the three nuts and
lockwashers in the radio transmitter compartment 5TR1.

b. Replace control monitor temperature sensor 5A2A2 and secure to rear of
transmitter case with the two mounting screws.

c. Connect P1 of fan to connector J1 (5A2A1) and secure with two screws.

d. Connect PI of wiring harness to connector J5 (5A2A2) and secure with two
screws.

CAUTION

Ensure that the screws at the four corners of the heads
are tightened firmly. Leakage of air around the heads
will defeat the purpose of the air filter and endanger
the internal, heat generating parts of the transmitter.

3-183. Testing After Replacement

a. Connect Dummy Load, Electrical DA 437/GRC-103(V), or equivalent, to the
transmitter front-panel PWR CUT connector.

b. Set the transmitter AC POWER switch to
should light and go out within 10 seconds.

c. Completely cover the air filter with a

ON/RESET. The OVERHEAT lamp

suitable flat object, such as a
sheet of heavy paper cut to the proper size. The OVERHEAT lamp should
light and the buzzer should sound. Remove the obstruction immediately.

NOTE

When testing units equipped with case CY-4637A/GRC-
103(V) and control monitor temperature sensor 5A2A2,
the fan will increase speed to maximum. If blockage is
not cleared OVERHEAT lamp will operate as above and the
600 v supply will be disconnected from tubes.
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CHAPTER 4

SCHEMATIC AND BLOCK DIAGRAMS

4-1. General

This chapter contains the foldout schematic and block diagrams for Radio Set
AN/GRC-l03(v)1, 2, 3, 4. All text pertaining to the functioning of the radio set
is in chapter 2.

4-2. Troubleshooting Data

The following information will aid the technician in
or block diagram in this chapter.

Foldout Caption

locating the correct schematic

Foldout No.

Electrical-Frequency Synthesizer 5TR1A2 or 1RE1A2 (SM-D-618945),
Overall Block Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Electrical-Frequency Synthesizer 5TR1A2 or 1RE1A2 (SM-D-865030),
Overall Block Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Interconnecting Box 5TR1A2A1 or 1RE1A2A1, Schematic Diagram . . . .
Interconnecting Box 5TR1A2A11 or 1RE1A2A11, Schematic Diagram . .
Modulator-Oscillator 5TR1A2A2 or 1RE1A2A2 (Part No. CMC 456-260),

Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Modulator-Oscillator 5TR1A2A2 or 1RE1A2A2 (Part No. CMC

220-800159-000), Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . 
Frequency-Divider 5TR1A2A4 or 1RE1A2A4, Schematic Diagram . . . . . .
Frequency-Divider 5TR1A2A14 or 1RE1A2A14, Schematic Diagram . . . . . 
Digital Electronic Divider-Counter 5TR1A2A5 or 1RE1A2A5,

Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Digital Electronic Divider-Counter 5TR1A2A15 or 1RE1A2A15,

Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Digital Electronic Counter 5TR1A2A6 or 1RE1A2A6, Schematic Diagram . . . .
Digital Electronic Counter 5TR1A2A16 or 1RE1A2A16, Schematic Diagram..
Electrical Synchronizer 5TR1A2A7 or 1RE1A2A7, Schematic Diagram . . . . . . .
Electrical Synchronizer 5TR1A2A17 or 1RE1A2A17, Schematic Diagram . . . . .
Signal Data Converter-Storer 5TR1A2A8 or 1RE1A2A8, Schematic Diagram..
Signal Data Converter-Storer 5TR1A2A18 or 1RE1A2A18, Schematic

Diagram  . .  . . . .  . .  . .  .  .  . . .    . . .  . . .  . . . . . .  . . .  .   . . .  .  . .   .  . .
Frequency Divider 5TR1A2A9 or 1RE1A2A9, Schematic Diagram . . . . . . . . 
RF Oscillator 5TR1A2Y1 or 1RE1A2YI, Schematic Diagram . . . . . . . . . . . 
RF Oscillator 5TR1A2Y11 or 1RE1A2Y11, Schematic Diagram . . . . . . . . . 
Pulse Form Restorer 1RE1A3, (SM-D-698146, CMC PN 245-455624-000),

Block Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Pulse Form Restorer 1RE1A3, (SM-D-99051O, CMC PN 245-803110-000),

Block Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Pulse Form Restorer 1RE1A3 (SM-D-698146, CMC PN 245-455624-000),

Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Pulse Form Restorer 1RE1A3 (SM-D-99051O, CMC PN 245-803110-000),

Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Electrical Frequency Limiter-Discriminator 1RE1A4, Schematic

Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Amplifier-Frequency Multiplier 1RE1A5, Schematic Diagram . . . . . . . . . . .

4-1

4-2
4-3
4-4

4-5

4-6
4-7
4-8

4-9

4-10
4-11
4-12
4-13
4-14
4-15

4-16
4-17
4-18
4-19

4-20

4-20.1

4-21

4-21.1

4-22
4-23
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Foldout Caption Foldout No

Video Amplifier 1RE1AR1 (R-1329(P)/GRC-103(V) and
R-1329A(P)/GRC-103(V)), Schematic Diagram . . . . . . . . . . . . . . . . . . . . .

Video Amplifier 1RE1AR1 (R-1329B(P)/GRC-103(V) ), Schematic Diagram . . . .
Intermediate Frequency Amplifier 1RE1AR2, Schematic Diagram . . . . . . . . . . .
Power Supply 1RE1PS1, Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . .
Receiver, Radio R-1329(P)/GRC-103(V), R-1329A(P)/GRC-103(V) and

R-1329B(P)/GRC-103(V), Interconnecting Diagram . . . . . . . . . . . . . . . . . . . . . .
Receiver, Radio R-1329(P)/GRC-103(V), R-1329A(P)/GRC-103(V) and

R-1329B(P)/GRC-103(V), and Intermediate Frequency Amplifier
AM-4316A/GRC-103(V), Interconnecting Diagram . . . . . . . . . . . . . . . . . . . . . . . .

Intermediate Frequency Amplifier 2A1A2AR1, (AM-4316/GRC-103(V)),
Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Intermediate Frequency Amplifier 2A1A2AR1, (AM-4316A/GRC-103(V)),
Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Radio Frequency Amplifier 2A1AR1, Schematic Diagram . . . . . . . . . . .. .
Control-Indicator 6A3 or 2A2, Coding Table . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Electronic Switch 2A4, Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . .
Signal Level Control-Monitor 2A4, Schematic Diagram . . . . . . . . . . . . . . . . . . .
Receiver, RF Head AM-4316/GRC-103(V), Schematic Diagram . . . . . . . . . 
Receiver, RF Head AM-4316A/GRC-103(V), Schematic Diagram . . . . . . . . . .
Amplifier-Frequency Multiplier 5TR1A4, Schematic Diagram . . . . . . . . . . 
Amplifier-Monitor 5TR1A5, Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . 
Power Supply 5TR1PS1, Schematic-Wiring Diagram . . . . . . . . . . . . . . . . . . . . . . . .
Power Supply 5TR1PS1 , as Modified by MWO 11-5820-540-40/1,

Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Control Monitor Temperature Sensor, Schematic Diagram . . . . . . . . . . . . . . . . .
Transmitter, Radio T-983(P)/GRC-103(V) and Amplifier-Frequency

Multiplier AM-4320/GRC-103(V), Interconnecting Diagram . . . . . . . . . .
Transmitter, Radio T-983(P)/GRC-103(V) and Amplifier-Frequency

Multiplier AM-4320A/GRC-103(V), and AM-4320B/GRC-103(V),
Interconnecting Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Electronic Switch 6A1 and Frequency Multiplier Assembly 6A2,
Schematic Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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FO-4-1. Electrical-Frequency  Synthesizer  5TR1A2
or  1RE1A2  (SM-D-618945),  Overall  Block
Diagram.
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FO-4-2. Electrical-Frequency  Synthesizer  5TR1A2
or  1RE1A2  (SM-D-865030),  Overall  Block
Diagram.



1RE1A2A1,  Schematic  Diagram.
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FO-4-3.    Interconnecting  Box  5TR1A2A1  or
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FO-4-4.
1RE1A2A11,  Schematic  Diagram.
Interconnecting  Box  5TR1A2A11  or
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FO-4-5. Modulator-Oscillator  5TR1A2A2  or
1RE1A2A2  (Part  No.  CMC  456-260),

Schematic  Diagram.
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FO-4-6.    Modulator-Oscillator  5TR1A2A2  or 1RE1A2A2  (Part  No.  CMC  220-800159-000),

Schematic  Diagram.



FO-4-7. Frequency-Divider  5TR1A2A4  or  1RE1A2A4,
Schematic  Diagram.

TM  11-5820-540-30



TM  11-5820-540-30

FO-4-8. Frequency-Divider  5TR1A2A14  or
1RE1A2A14,  Schematic  Diagram.



FO-4-9. Digital  Electronic  Divider-Counter
5TR1A2A5  or  1RE1A2A5,  Schematic
Diagram.
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FO-4-10. Digital  Electronic  Divider-Counter
5TR1A2A15  or  1RE1A2A15,  Schematic
Diagram.



FO-4-11.
1RE1A2A6,  Schematic  Diagram.
Digital  Electronic  Counter  5TR1A2A6  or
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FO-4-12. Digital  Electronic  Counter  5TR1A2A16
or  1RE1A2A16,  Schmatic  Diagram.
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FO-4-13. Electrical  Synchronizer  5TR1A2A7  or  1RE1A2A7
Schematic  Diagram.
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FO-4-14. Electrical  Synchronizer  5TR1A2A17  or
1RE1A2A17,  Schematic  Diagram.



FO-4-15. Signal  Data  Converter-Storer  5TR1A2A8
or  1RE1A2A8,  Schematic  Diagram.
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FO-4-16. Signal  Data  Converter  Storer  5TR1A2A18
or  1RE1A2A18,  Schematic  Diagram.
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FO-4-17.    Frequency  Divider  5TR1A2A9  or,  1RE1A2A9  Schematic  Diagram.
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FO-4-18. Rf  Oscillator  5TR1A2Y1  or  1RE1A2Y1,
Schematic  Diagram.
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FO-4-19. Rf  Oscillator  5TR1A2Y11  or  1RE1A2Y11,
Schematic  Diagram.
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FO-4-20. Pulse  Form  Restorer  1RE1A3,  Block
Diagram.
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FO-4-20.1. Pulse  Form  Restorer  1RE1A3  (SM-D-990510,
CMC  PN  245-803110-000,  Block  Diagram.



FO-4-21.    Pulse  Form  Restorer  1RE1A3,  Schematic  Diagram.
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FO-4-21-1.    Pulse  Form  Restorer  1RE1A3  (SM-O-9905101)  CML  PN  245-803-0007,
Schematic  Diagram.
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FO-4-22.    Electrical  Frequency  Limiter-Discriminator  1RE1A4,  Schematic  Diagram.



FO-4-23. Amplifier-Frequency  Multiplier  1RE1A5,
Schematic  Diagram.
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FO-4-24. Video  Amplifier  1RE1AR1  (R-1329(P)/

Schematic  Diagram.
GRC-103(V)  and R-1329A(P)/GRC-103(V)),
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FO-4-25. Video  Amplifier  1RE1AR1

Schematic  Diagram
(R-1329B(P)/GRC-103(V)),
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FO-4-26.    Intermediate  Frequency  Amplifier  1RE1A42,  Schematic  Diagram.



FO-4-27.    Power  Supply  1RE1PS1,  Schematic  Diagram.
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FO-4-28. Receiver,  Radio  R-1329(P)/GRC-103(V),  R1329A(P)/GRC-103(V)  AND
R-1329B(P)/GRC-103(V),  Interconnecting  Diagram.



TM  11-5830-540-30

FO-4-29. Receiver,  Radio  R-1329(P)/GRC-103(V),  R-1329A(P)/GRC-103(V)  or
R-1329B(P)/GRC-103(V)  and  Intermediate  Frequency  Amplifier  AM-4316A/GRC-103(V),

Interconnecting  Diagram.
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FO-4-30. Intermediate  Frequency  Amplifier
2A1A2AR1,  (AM-4316/GRC-103(V)),
Schematic  Diagram.
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FO-4-31. Intermediate  Frequency  Amplifier
2A1A2AR1  (AM-4316A/GRC-103(V)),
Schematic  Diagram.



FO-4-32. Radio  Frequency  Amplifier  2A1AR1,
Schematic  Diagram.
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FO-4-33. Control-Indicator  6A3  or  2A2,  Coding
Table.
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FO-4-34. Electronic  Switch  2A4,  Schematic
Diagram.
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FO-4-35. Signal  Level  Control-Monitor  2A4,
Schematic  Diagram.



FO-4-36. Receiver,  Rf  Head  AM-4316/GRC-103(V),
Schematic  Diagram.
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Schematic  Diagram.
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FO-4-37. Receiver,  Rf  Head  AM-4316A/GRC-103(V),



FO-4-38.    Amplifier-Frequency  Multiplier  5TR1A4,  Schematic  Diagram.
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FO-4-39.    Amplifier  -  Monitor  5TR1A5,  Schematic  Diagram.
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FO-4-40.    Power  Supply  5TR1PS1,  Schematic-Wiring  Diagram.



FO-4-41. Power  Supply  5TR1PS1,  as  Modified  by
MWO  11-5820-540-401/1,  Schematic
Diagram.
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FO-4-42. Control  Monitor  Temperature  Sensor,
Schematic  Diagram.
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FO-4-43.    Transmitter,  Radio  T-983(P)/GRC-103(V)  and  Amplifier  Frequency
Multiplier  AM-4320/GRC-103(V),  Interconnecting  Diagram.
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FO-4-44.    Transmitter,  Radio  T-983(P)/GRC-103(V)  and  Amplifier  -  Frequency  Multiplier

AM-4320A/GRC-103(V)  and  AM-4320B/GRC-103(V)  Interconnecting  Diagram.
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FO-4-45.    Electronic  Switch  6A1  and  Frequency  Multiplier  6A2,
Schematic  Diagram.
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FO-4-46. Amplifier-Frequency  Multiplier
AM-4320/GRC-103(V).  Schematic  Diagram.



103(V),  Schematic Diagram.
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F0-4-47.    Amplifier-Frequency  Multiplier
AM-4320A/GRC-103(V)  and   AM-4320B/GRC-



RT-773/GRC-103(V),  Schematic Diagram.
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F0-4-48.    Receiver-Transmitter  Order  Wire



F0-4-49.    Frequency  Multiplier  33A2A1,  Schematic
Diagram.
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F0-4-50.    Frequency  Multiplier  33A2A2  or  34A2A2,
Schematic  Diagram.   
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F0-4-51.    Control  Indicator  37A2  ior  33A4  Coding
Tables.
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F0-4-52.    Signal  Level  Control  Monitor  33A5  or
34A5,  Schematic Diagram.



F0-4-53.    Frequency  Mixer  State  33A7,  Schematic  Diagram.
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Diagram.
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Intermediate  Frequency  Amplifier
33AR1,  34A1  or 39AR2,  Schematic

F0-4-54.
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F0-4-55.    Power  Supply  33PS1  or  34PS1,  Schematic
Diagram.
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Band  II  Receiver  Rf  Head,  Block
F0-4-56.    Amplifier-Converter  AM-4317/GRC-103(V)

Diagram.
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Amplifier-Converter  AM-4317/GRC-103(V)  Band  II  Receiver  Rf  Head
Schematic  Diagram.

F0-4-57.    



F0-4-58.    Amplifier-Converter  AM-4317/GRC-103(V)  Band  II  Receiver  Rf  Head,  Interconnecting  Diagram.
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F0-4-59.    Frequency-Multiplier  34A2A1,  Schematic
Diagram.
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FO-4-60.    Control-Indicator  38A2  or  34A4,  Coding  Tables
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F0-4-61.    Frequency  Mixer  Stage  34A7,  Schematic
Diagram.
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F0-4-62.    Amplifier-Converter  AM-4318/GRC-103(V)
Band  III  Receiver  Rf  Head,  Block
Diagram.
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FO-4-63.    Amplifier - Converter AM-4318/GRC-103(V)  Band  III  Receiver  Rf  Head,
Schematic  Diagram.
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FO-4-64.    Amplifier-Converter AM-4318/GRC-103(V) Band  III  Receiver  Rf  Head,     
Interconnecting  Diagram.    



F0-4-65.    Frequency-Multliplier  37A1
(SM-D-696417),  Schematic Diagram
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F0-4-66.    Frequency-Multiplier  37A1
(SM-D-865053),  Schematic  Diagram.
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Schematic Diagram.
103(V)  Band  II  Transmitter  Rf  Head,
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F0-4-67.    Amplifier  Frequency  Multiplier
AM-4321/GRC-103(V)  and  AM-4321A/GRC-1       
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F0-4-68.    Amplifier-Frequency  Multiplier
AM-4321/GRC-103(V)  and  AM-4321A/GRC-
103(V)  Band  II  Transmitter  Rf  Head,
Interconnecting  Diagram.
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F0-4-69.    Amplifier-Frequency  Multiplier  38A1,
Schematic  Diagram.
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F0-4-70.    Amplifier-Frequency  Multiplier
AM-4322/GRC-103(V)  and  AM-4322A/GRC-
103(V)  Band  III  Transmitter  Rf  Head,        
Schematic  Diagram.
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F0-4-71.    Amplifier-Frequency  Multiplier
AM-4322/GRC-103(V)  and  AM-4322A/GRC-
103(V)  Band  III  Transmitter  Rf  Head,
Interconnecting  Diagram.



Tables.    (Sheet  1  of  3)
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F0-4-72.    Control-Indicator  40A4  or 39A4,  Coding



Tables.    (Sheet  3  of  3)
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F0-4-72.    Control-Indicator  40A4  or  39A4,  Coding  



F0-4-72.    
Tables.    (Sheet  3  of  3)
Control-Indicator  40A4  or  39A4,  Coding

TM  11-5820-540-30



F0-4-73.        

Band  IV  Receiver  Rf  Head,  Schematic

Amplifier-Converter  AM-4319/GRC-103(V)

Diagram.   
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Interconnecting  Diagram.
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F0-4-74.    Amplifier-Converter  AM-4319/GRC-103(V)
Band  IV  Receiver  Rf  Head,
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F0-4-75.    Amplifier-Frequency  Multiplier  40A2,    
Schematic  Diagram.



F0-4-76.    Amplifier-Frequency  Multiplier

AM-4323/GRC-103(V)  Band  IV  Transmitter
Rf  Head,  Schematic  Diagram.  
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F0-4-77.    Amplifier-Frequency  Multiplier
AM-4323/GRC-103(V)  Band  IV  Transmitter
Rf  Head,  Interconnecting  Diagram.  
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F0-4-78.        Receiver  Transmitter  Order  Wire

RT-773/GRC-103(V)  Interconnecting

Diagram.





PIN: 062963-000
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