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CHAPTER 1
INTRODUCTION

Section |. GENERAL

1. Scope

@. This manual contains information on the
maintenance, alinement procedures, troubleshoot-
ing, and repair of Single Sideband Converter
CV-157/URR (fig. 1). Throughout this manual,
Single Sideband Converter CV-157/URR will
frequently be called the converter.

b. Forward comments on this publication di-
rectly to Commanding Officer, The Signal Corps
Publications Agency, Fort Monmouth, New Jersey.

2. Forms and Records

The following forms will be used for reporting
unsatisfactory conditions of army materiel and
equipment and when performing preventive
maintenance.

a. DD Form 6, Report of Damaged or Improper
Shipment, will be filled out and forwarded as
prescribed in SR 745-45-5 (Army), Navy Ship-
ping Guide, Article 18504 (Navy),and AFR 71-4
(Air Force).

b. DA Form 468, Unsatisfactory Equipment
Report, will be filled out and forwarded to the
Office of the Chief Signal Officer as prescribed in
SR 700-45-5.

c. DD Form 535, Unsatisfactory Report, will be
filled out and forwarded to the Commanding Gen-
eral, Air Materiel Command, Wright-Patterson
Air Force Base, Dayton, Ohio, as prescribed in
SR-700-45-5 and AF TO 00-351)-54.

d. Use other forms and records as authorized.

Section Il. DESCRIPTION AND DATA

3. Purpose

a. Single Sideband Converter CV-157/URR
(fig. 1) is primarily intended to function as a link
at the receiving end of a radio communication sys-
tem using single-sideband or twin single-sideband
reduced carrier emission. The converter, using
the intermediate-frequency (if.) output of a com-
munication receiver, separates the transmitted
carrier frequency from its sideband frequencies
and demodulates the audio intelligence present in
the sidebands.

b. The converter is used also as an aid in the
reception of amplitude-modulated (am.) double-
sideband signals under conditions of extreme at-
mospheric interference.

4. System Application
(fig. 2)
a. The converter is intended for use in applica-
tions between fixed installations having a heavy
flow of message traffic. The output signal of the

converter will be identical with the multiplexed
signals delivered over the wires in voice-frequency
landline carrier telephony. Thus, the converter,
operating with a radio receiver, may be used to
feed carrier terminal equipment that operates sev-
eral channels of teletypewriter, facsimile, or voice
reproducing equipment. Each of the two con-
verter output channels corresponds to a pair of
wires in landline voice-frequency multiplexing
operations. When receiving a single-sideband
signal, the converter will deliver an output from a
single channel that may be used to operate as many
channels of teletypewriter, facsimile, or voice re-
production equipment as could be operated from a
corresponding pair of wires that carry a .1- to 6-
kilocycle (kc) energy spectrum and feed a single
carrier terminal equipment. When twin-single-
sideband emission is being used, the converter will
deliver two separate channels of output, thus dou-
bling the amount of intelligence that would be re-
ceived with a single-sideband signal. With twin
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Figure 1. Single Sideband Converter CV-157/URR in

operating position.

single-sideband reception, it is possible to have one
channel used for one kind of intelligence, while
the second channel is used for another kind of in-
telligence. Thus, a multiplexed teletypewriter sig-
nal can be delivered from one converter channel,
while the second channel handles voice intelligence
and a facsimile circuit.

b. Figure 2 illustrates a typical system that uses
Single Sideband Converter CV-157/URR. A
twin single-sideband signal is transmitted having
eight channels of teletypewriter intelligence in one
sideband and voice intelligence in the other side-
band. A reduced carrier has been included as a
control signal. The transmitted signal may lie
within the range of the receiver which, in the case
of Radio Receiver R-390/URR (the intended
companion receiver for this converter) is .5 to 32

4

megacycles (mec). The converter is used with
Radio Sets AN/FRR—40 and AN/FRR—41. Refer
to the manual on Radio Sets AN/FRR—40 and
AN/FRR-41 for operation of the converter.

5. Technical Characteristics

Frequency data:

Input frequency with con-
verter aligned as sup-
plied.

Heterodyne oscillator fre-
quency.

Input frequency
with minor
ments.

Converter if center (local
carrier oscillator) fre-
quency.

Carrier filter band pass___

Converter upper sideband
filter band pass.

Converter lower sideband
filter band pass.

Audio-output frequency
range (both output chan-
nels) :

With LOWPASS FIL-
TER in the OUT

range
readjust-

POSITION.

With LOWPASS FIL-
TER in the IN
position.

Power source required____

Number of tubes__________
Number of input channels_
Number of output chan-
nels.
Outputdata_______________

Monitoring facilities______

Power consumption_______

Weight ___________________

Audio-output level (chan-
nels A and B).

Type of frequency control_

Input frequency plus 100
ke.
450-510 ke.

100 ke.

100 ke = 10 cps.
100.1 to 106 ke.

94 to 99.9 kec.

125 eps to 6 ke.
125 eps to 3.5 ke.

105-125 volts ae¢, 50-60
cycles, single-phase or
210-250 volts ac, 50-60
cycles, single-phase.

44.

1.

2.

Audio-output frequen-
cies, available at ter-
minal board TB1 lo-
cated on rear of

chassis.

Available at MONITOR
jack located on front
panel.

250 watts.

Approx 104 1b.

Variable between 0-100
milliwatts with 5,000
microvolts or more in-
put from receiver if.

Automatic frequency!
control based on phase
comparison. Motor
operation of hetero-
dyne oscillator tank
tuning.



RADIO RECEIVER

RECEIVER
455KC IF OUTPUT

THE RECEIVER IF OUTPUT IS
A MIXTURE SIMILAR TO THE
TRANSMITTED SIGNAL. HOWEVER,
THIS SIGNAL IS CONVERTED
FROM THE TRANSMITTED
FREQUENCY TO THE LOWER
RECEIVER IF.

FREQUENCY
-SHIFTED
AUDIO TONES

TRANSMITTED
SIGNAL

MAY BE IN ANY PART OF THE
RADIO FREQUENCY SPECTRUM  AND
USUALLY OCCUPIES A BAND
12-KC WIDE. THE FSK TONES
FORM THE UPPER  SIDEBAND
OF THE TRANSMITTED SIGNAL.
VOICE FREQUENCIES FORM THE
LOWER SIDEBAND. THESE ARE
MIXED WITH A REDUCED CARRIER,
THE PRIMARY FUNCTION OF WHICH
IS TO ACT AS A CONTROL SIGNAL.

TERMINAL
EQUIPMENT

1 TO 8
RECEIVING TELETYPEWRITER
CHANNELS

DC PULSES

THE TERMINAL EQUIPMENT
TRANSLATES THE FSK AUDIO
TONES INTO DC PULSES WHICH
OPERATE THE RECEIVING
TELETYPEWRITERS.

SINGLE SIDEBAND
CONVERTER
CV-I57/URR

THE SINGLE - SIDEBAND CONVERTER PERFORMS
TWO FUNCTIONS.,

I, IT SEPARATES THE UPPER SIDEBAND,
AND CARRIER

LOWER

SIDEBAND,

FREQUENCIES.

I

USUALLY

EMPLOYING A

LOCALLY

GENERATED CARRIER IT DEMODULATES
THE SIDEBAND INTELLIGENCE DELIVERING
ITAS AUDIO FREQUENCIES TO THE PROPER
TERMINATING EQUIPMENT.

Figure 2.

Frequency data—Continued

Automatic gain control__

Alarms :

SQUELCH ALARM__

Selectable by the opera-

tor, to be actuated by
the signal element
(upper sideband,
lower sideband, twin
sideband, receiver,
and carrier) as de-
sired. Agc voltage is
applied from the con-
verter to control the
gain in the receiver.

Operates when signal-to-

noise ratio falls below
a predetermined level.

DRIFT ALARM______ _ Actuated just before afc

circuit has reached
the end of its useful
corrective range.

MAY BE FED DIRECTLY FROM THE
CONVERTER TO OPERATE ANY AUDIO
REPRODUCING DEVICE,

VOICE
FREQUENCY

LOUDSPEAKER

TM266-3

Converter, system application.

6. Description

a. Single Sideband Converter CV-157/URR
(fig. 3) is a self-contained unit used for fixed instal-
lation in any standard 19-inch relay rack.

b. The converter is divided into a base assembly
and a drawer assembly. The drawer assembly
contains most of the critical components of the
converter. It can be extended from the base as-
sembly on drawer slides of the filing cabinet type
so that much of the testing can be accomplished
without removing the unit from its place of in-
stallation (C, fig. 44).

¢. All input and output connections, except for
the monitoring facilities, are made at the rear
panel of the converter. The MONITOR jack is
located on the front panel. All interconnecting
cables may remain in place when the drawer as-
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Figure 3.

sembly of the converter is extended for servicing.
d. A1l operating controls and meters are lo-
cated on the front panel. When the drawer as-
sembly is extended on its slides, the adjustment
controls of the converter used for alignment are
easily accessible. Power supply adjustments for
varying input voltages also may be made when
the drawer assembly is extended. The power
switch of the converter is coupled to a circuit
breaker, making the use of fuses unnecessary.

7. Controls and Instruments

a. Operating Controls (figs. 4 and 5). The
following chart lists the operating controls of the
converter and indicates their functions:

Control Function

Power switech___________ In ON position, applies both
plate and filament voltages
to the equipment. It is a
circuit breaker that serves
as a protective device by
automatically tripping to
OFF  position whenever
faulty circuits or compo-
nents cause excessive cur-
rent drain from the power
source.

MONITOR GAIN con-
trol.

A-VC (channel A volume
control).

B-VC (channel B volume
control).

SB SELECT switch
(sideband select
switch).

TMZBE - 2
Converter, operating components.
Control Function
MONITOR SWITCH___| In A position, selects the

audio intelligence in channel
A to be monitored; in B
position, selects the audio
intelligence in channel B to
be monitored.

Varies the volume of the mon-
itored signal.

Varies the audio level of
channel A output.

Varies the audio level of
channel B output.

In counterclockwise (A-LSB,

B-USB) position, the intel-
ligence contained in the
transmitted lower sideband
is fed to channel A output,
and the intelligence con-
tained in the transmitted
upper sideband is fed to
channel B output (fig. 6).

In clockwise (LSB-B, USB-A)
position, the intelligence
contained in the transmitted
lower sideband is fed to
channel B output, and the
intelligence contained in the
transmitted upper sideband
is fed to channel A output
(fig. 6).



Control

Function

VU SELECT switch____

VU RANGE switeh_____

SQUELCH switch______
AFC switeh____________

AGC SELECT switch
(automatic gain con-
trol select switch).

CARRIER SELECT
switch.

In A position, selects channel
A audio-output level to be
measured by the VU ME-
TER; in B position, selects
channel B audio output to
be measured by the VU
METER.

Changes the range of the VU
METER.

Turns squelch ON and OFF.

Turns automatic frequency
control circuit ON and OFF.

In REC (receiver) position,
the associated receiver uses
its own age voltage, and the
converter has no control of
receiver radio-frequency (rf)
gain.

In the CAR (carrier) position,
the 100-kc converted car-
rier, with the modulation
removed, is selected as the
source of automatic gain
control (agc), voltage devel-
oped by the converter to
control the rf gain of the
associated receiver.

In the LSB (lower sideband)
position, the intelligence con-
tained in the transmitted
lower sideband is selected as
the source of age voltage
developed by the converter
to control the rf gain of the
associated receiver.

In USB (upper sideband) posi-
tion, the intelligence con-
tained in the transmitted
upper sideband is selected
as the source of age voltage
developed by the converter
to control the rf gain of the
associated receiver.

In TSB (twin sideband) posi-
tion, the 100-kc converted
carrier, plus the sidebands,
are selected as the source of
agc voltage developed by the
converter to control the rf
gain of the associated receiver.

In LC position, selects the out-
put of the loecal carrier
oscillator to demodulate the
intelligence present in the
sideband frequencies.

In RC position, selects the
reconditioned carrier to de-
modulate the intelligence
present in the sideband fre-
quencies.

Control

Function

SB AGC control . _______

AGC TIME switch_ ____

VERNIER control______

LOWPASS FILTER
switch.

RANGE COMPENSA-
TOR control.

CARRIER COMPEN-
SATOR control.

VOLTAGE SELECT
switch.

Varies the amount of age volt-
age developed by the con-
verter when the AGC SE-
LECT switch is in TSB,
USB, or LSB position.

Varies the time constant of the
agc voltage developed by the
converter.

Tunes the converter hetero-
dyne oscillator over a range
of +2 ke.

In IN position, limits the
converter audio-output fre-
quency band pass to 3.5 ke.
In OUT position, allows fre-
quencies as high as 6 ke to
pass. This switch controls
the bandwidth of both chan-
nels simultaneously.

Adjustment of this control
corrects the calibration of
the VERNIER and afec
DRIFT INDICATOR con-
trols to insure that the
markings on each are accur-
ate within 200 cycles per
second (cps). Refer to fig-
ure 51 for approximate set-
ting.

Varies the gain of the con-
verter carrier section to
adjust for various levels of
carrier suppression at the
transmitter (fig. 53).

In 115V position, it selects the
low-voltage primary of the
power input transformer for
operation from the power
source and the high amper-
age winding of circuit break-
er CBI1.

In 230V position, it selects the
high-voltage primary of the
power input transformer for
operation from the power
source and the low amperage
winding of circuit breaker
CB1.

Note.

Front panel markings apply to the transmitted

sidebands when the converter is used with Radio Receiver
R~-390/URR or a receiver having the same conversion

sequence.

b. Indicating I[nstruments.

The following

chart lists the indicating instruments on the front
panel of the converter (fig. 4) and indicates their

functions:




Indicator

Function

SQUELCH ALARM._.__.

DRIFT ALARM

AFC INDICATOR_.___

Operates only when the
SQUELCH switch is in ON
position.

Lights when the automatic
frequency control (afc) cir-
cuit has been disabled be-
cause the signal-to-noise ratio
is too low for correct opera-
tion.

Indicates that the frequency is
off approximately +2 ke.
Lights when the DRIFT IN-
DICATOR is near either

end of its range.

Mechanically linked to the
afc motor (B1).

With the AFC switch in ON
position, it moves to give
visual indication of the afe
motor operation.

Indicator

Function

DRIFT INDICATOR

VU METER.__________

CARRIER LEVEL
meter.

With the AFC switch in ON
position, it automatically in-
dicates the amount of system
frequency drift.

With the AFC switch in OFF
position, it may be used
manually to tune the con-
verter heterodyne oscillator
over a range of +2 ke.

With the VU SELECT switch
in the A position, it indicates
channel A audio-output level
from the converter.

With the VU SELECT switch
in the B position, it indicates
channel B audio-output level
from the converter.

Indicates the level of the re-
conditioned carrier, as ad-
justed by the CARRIER
COMPENSATOR control.

DRIFT INDICATOR___| Mechanically linked to the afc Pilot lamp_ - _ . _________ Lights when the power switch
motor (B1). is in the ON position.
@ VU SELECT VU METER VU RANGE N
® A OFF g -10 ° +10 5
kﬁ./ (TR
SQUELCH CARRIER LEVEL PID ICLSTLICKE (REIy
Y amm— —T @ MTH LGP ENT bETOCIHIS
@ ) D @
5 MONITOR SB SELECT - verner @ arc
@SQUELCH  ALsB-8 o AGC SELECT SB AGC —KC+ @ NDICATOR je—
A OFF g ALARM car 158 Lep 4 5 y
REC TSB 7
B
%ﬂ% LC RC SLOW MED FAST 4 =
MONITOR CARRIER SELECT AGC TIME 0 DRIFT S
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e
- T~
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e
|*{ OFF [*|
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T™ 266-8

Figure 4. Converter, front panel.
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CHAPTER 2
THEORY

8. Block Diagram

a. General. In the block diagram (fig. 7), the
following circuits have been included in Single
Sideband Converter CV-157/URR.

(1) Monitor circuits. A VU METER and a
monitor audio-output circuit are included
in the converter to facilitate audio-output
level adjustments and tuning operations.

(2) Afe circuit. This circuit controls the
frequency of the converter heterodyne
oscillator and holds the converter if. at
exactly 100 ke. This compensates for
frequency drifts in the receiver, trans-
mitter, and converter. This circuit as-
sures an extremely accurate audio-fre-
quency (af) output from the converter.

(3) Squelch circuit.  The squelch circuit
automatically disables the afc circuit
when the signal-to-noise ratio of the con-
verter input signal drops below a certain
preselected level. The squelch circuit
prevents the afe circuit from being actu-
ated by noise instead of signal, which
would result in the converter being
detuned.

(4) Local carrier oscillator. This circuit
provides a constant amplitude, noise-free
carrier frequency for use in the converter
demodulators. It also provides a fre-
quency standard against which the incom-
ing carrier is compared for operating the
afe circuit.

(5) Age cireuit. This cireuit enables the con-
verter operator to control the receiver
gain from any of the separated signal
elements in ihe converter. Through
proper use of the age circuit, the operator
is assured a corstant amplitude for that
part of the signal in which the amplitude
is most critical.

b. Input Circuit. The output of the receiver
if. amplifier is applied at J1 of the converter and

10

mixed in V1 with the output of the converter het-
erodyne oscillator, V2. The output of V2 is 555
ke which, when beat against the 455-ke output of
the receiver if., produces a converter if. of 100 ke.
The sideband frequencies appear above and below
this converted carrier frequency, which is deliv-
ered to the first if. amplifier, V3.

c. Sideband If. Amplifier and Filter Circuits.
The output of V3 is delivered to three additional
if. amplifiers, two of which (V4 and V11) are used
to amplify the signal further for delivery to the
converter upper and lower sideband filters, FL1
and FL3. Filter FL1 separates the converter
upper sideband frequency elements from the if.
signal output of V4, which because of sideband
inversion, were originally the transmitted lower
sideband frequency elements. The sideband fil-
ters are selective and the frequencies above and
below the sideband elements are sharply attenua-
ted. The converter lower sideband filter, FL3,
functions similarly to FL1, separating the conver-
ter lower sideband frequency elements from the if.
signal that is fed to it from amplifier V11.

d. SB SELECT Switch and Sideband Ampli-
fiers. 'The outputs of the two sideband filters are
delivered to SB SELECT switch S1.  The oper-
ator selects the converter audio-output channel
that will deliver the intelligence in the converter
upper sideband and the channel that delivers the
intelligence in the converter lower sideband. The
switch selects the output of each of the sideband
filters to be fed to the channel A or channel B side-
band amplifier. The switch is marked so that the
output of the converter lower sideband is del ivered
through channel B in the A-L.SB, B-USB position
of S1. This is because the markings on the switch
refer to the sidebands of the transmitted signal
when the signal is received in Radio Receiver R-
390/URR or any other receiver having a similar
conversion sequence. Where the transmitted side-
bands are inverted as a result of heterodyning in
some other type of receiver, the markings of the
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Figure 7. Converter, block diagram.
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SB SELECT switch no longer apply to the side-
bands of the transmitted signal. From the SB
SELECT switch, the signals are fed to channel A
sideband amplifier V5A and channel B sideband
amplifier V12A, where the signal strength is fur-
ther increased preparatory to demodulation.

e. Channel A Demodulators. Three triode sec-
tions, V5B, V6A, and V6B, are used in the channel
A demodulator circuit to serve the dual functions
of audio detection and amplification. The side-
band frequency output of V5A is delivered to the
demodulator stages where it is mixed with the
100-ke output signal of either the third carrier
limiter or the local carrier oscillator, depending
on the setting of the CARRIER SELECT switch,
S6. The resultant mixture consists of many dif-
ferent frequencies, including the sideband fre-
quency minus the carrier frequency which is an
audio beat frequency that contains the audio
intelligence with which the transmitted signal was
originally modulated. This desired information
is retained, while rejecting the unwanted mixing
products in filter networks passing only the audio
frequencies. A resistance-capacitance network in
each channel attenuates the sum frequencies (above
100 ke). Frequency components around 100 ke are
sharply attenuated by a tuned 100-ke trap. A low-
pass filter rejects audio frequencies above 3.5 ke.
The operator, through LOWPASS FILTER
switch S2, selects either that the 100-ke trap or the
low-pass filter be placed in the output circuit of the
demodulator. The filter used depends on the
character of the transmitted signal. Multiplex
teletypewriter signals transmitted, using audio-
frequency diversity, have a bandwidth of about
6 ke. For this type of signal, S2 is placed in the
OUT position so that the 100-ke bypass filter is in
the output circuit of the demodulator stages. The
demodulators in both channels are identical in
circuit and operation.

f. Audio-inverter and Audio-output Stages.
The output stages of each channel, consisting of
V7and V8in channel A and V14 and V15 in chan-
nel B, provide the inverter-amplifier arrangement
necessary to deliver a push-pull audio output from
the two channels of the converter.

g. Carrier If. Amplifier and Filter Circuits.
The output of first if. amplifier V3 is delivered to
the carrier and the sideband amplifying strips.
Carrier if. amplifier V16 amplifies the if. signal
before it is fed to the sharply peaked 100-ke carrier
filter, FL5. Filter FL5 removes the sideband fre-

quencies from the if. signal, delivering only 100 ke
to first carrier amplifier V17.

h. Carrier Amplifiers. Following FLb5, two
amplifiers, V17 and V18, are used to amplify the
100-ke signal. These amplifiers are needed in the
carrier section of the equipment because the nor-
mally received signal will have the carrier fre-
quency reduced below the level of the received
sideband frequencies.

i. Carrier Limiter Stages. 'The output of the
second carrier amplifier is fed to a series of three
limiters, V19, V20, and V21, which maintain a
constant carrier amplitude by removing the am-
plitude variations caused by fading. After limit-
ing, the carrier is ready for delivery to the afc
circuit and, if necessary, to the demodulator
circuits.

j. AGC SELECT Switch S10. The converter
is equipped with an age circuit that applies age
voltage to the receiver. This circuit enables a
constant amplitude signal to be fed from the con-
verter to the terminal equipment. The receiver
age circuit operates on amplitude of its over-all
input signal. Thus, when one sideband is used to
transmit voice while the other sideband carries a
multiplex teletypewriter signal, the receiver agc
circuit is affected by the voice signal. TUnder these
conditions, the receiver age circuit produces a very
erratic output from the converter channel that de-
livers the demodulated multiplex teletypewriter
signal to terminal equipment. Noise and extrane-
ous signals also have an adverse effect on the re-
ceiver age system. For this reason, the converter
is provided with a selector switch through which
the operator may select the receiver age system
from voltages developed at a variety of points
throughout the converter. AGC SELECT switch
S10 (fig. 7) is a five-position switch. In the REC
position, the converter has no control and the re-
ceiver agce system operates as it normally would
for the overall signal received. This position is
used for tuning and adjustment operations and
may also be used when the converter age circuit
fails, but continued operation of the system is
necessary. In the CAR position, the receiver age
system is controlled by the output of the 100-ke
carrier filter, FIL5. This position of the switch is
used when receiving a standard am. signal or when
only speech information is transmitted in the side-
bands. Inthe USB and L.SB positions, the output
of the converter lower sideband filter F1.3 or the
converter upper sideband filter F1.1, respectively,
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is used to control the receiver age voltage. The
converter front panel designations refer to the
transmitted sideband relationships when the con-
verter is used with Radio Receiver R-390/URR.
Either the LSB or USB position of S10 is used
when keyed-tone intelligence is received in one con-
verter channel, as some signal of widely varying
amplitude (such as a voice signal) is received in
the other channel. In the TSB position, the age
control signal is taken off the output of first if.
amplifier V3. This position of S10 is used when
keyed-tone intelligence (or any intelligence of con-
stant amplitude) is received in both converter
channels. This position is superior to the REC
position for this type of signal, because the if. strip
in the receiver and the tuned outputs of V1 and
V3 largely eliminate the adverse effects noise and
interfering signals have on the receiver age system.

k. Age Output Circuit. The converter age out-
put circuit consists of two amplifiers, V36 and
V37A, and a rectifier, V37B. The voltage selected
by S10 is amplified in V36 and V3TA, rectified
to a direct-current (dc) voltage in V37B, and
then fed to the receiver.

I. Afc Gate. Afc gate tube V22 triples the
output frequency of the third carrier limiter for
delivery to the afc circuit. When biased beyond
cutoff by a voltage applied from the squelch cir-
cuit, the gate effectively prevents the output of
the third limiter from reaching the afc circuit to
prevent the circuit being actuated by noise.

m. Phasing Networ k and Phase Rectifiers. The
output of afc gate V22 and tripler V35B is fed
to phase rectifiers V23 and V24. Rectifier V23
has a phase-shifting network in its plate circuit,
which insures that any output from the two recti-
fiers will be 90° out of phase. In the on frequency
condition, the outputs of V22 and V35B produce
no error output voltage from the phase rectifiers.
As soon as transmitter, receiver, or converter fre-
quency drift causes a difference frequency to exist
between the outputs of V35B and V22, the recti-
fiers begin to conduct to produce polarized signal
outputs, one from each rectifier, which are 90°
out of phase with one another. Afc dec amplifier
V25 is a dual triode. ach half amplifies the out-
put of one of the phase rectifiers.

n. Afe Amplifier-inverter and Motor Drive
Stages. The output of V25A is fed to V26A ; the
output of V25B is fed to V29A. Tubes V26 and
V29 are dual triodes, operating push-pull into the
motor drive amplifiers, V27 through V31 which
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are connected across the windings of motor B1.
Tube V26 controls the operation of motor drive
stages V27 and V28. Tube V29 controls the oper-
ation of motor drive stages V30 and V31. Motor
B1 is a drag cup motor that runs when a voltage
is applied across one winding which is 90° out
of phase with that applied across the other wind-
ing. The function of the amplifier-inverter and
motor drive stages is to amplify the output of the
phase rectifiers to a current and voltage necessary
to cause B1 to react to the phase difference exist-
ing between the outputs of the rectifiers. The
motor controls a variable capacitor located in the
tank circuit of the converter heterodyne oscillator
(V2) so that the converter if. is again returned to
100 ke. When the correct converter if. is once
more restored, there ceases to be an output de-
veloped at the phase rectifiers and the afc circuit
is returned to a rest condition.

0. Squelch Circuit. Regardless of the elaborate
filtering, amplifying, and limiting to which the
converted carrier frequency is subjected before it
is applied to the afc circuit, it is still possible un-
der extremely unfavorable conditions of reception,
for noise to become the dominant output of the car-
rier strip. This would result in erratic operation
of the afc circuit and subsequent loss of a usable
converter audio output. To prevent erratic opera-
tion of the afc circuit, a squelch circuit is provided
to measure automatically the signal-to-noise ratio
existing in the carrier strip and to disable the afc
circuit when its proper operation is endangered
through the introduction of noise into the circuit.
Figure 7 shows that rectifiers V32A and V32B
are used to feed a mixer which, in turn, feeds an
amplifier. Rectifier V32A measures the signal
strength delivered through the carrier strip for
operating the squelch circuit and as a source of
rectified voltage for the operation of the CAR-
RIER LEVEL meter. Rectifier V32A also allows
the afc circuit to operate when the strength of any
signal (noise, as well as carrier) present at the
input of the first limiter is of a certain prede-
termined level. Noise rectifier V32B operates
from a filter located in the plate circuit of second
carrier limiter V20. The filter acts as a block to
the 100-ke signal component in the limiter strip,
but passes any noise present in the output of the
second limiter. When the rectifier noise voltage
delivered to mixer V33 rises above a certain value,
afc gate V22 is cut off through amplifier V4.
Through V32A and V32B, excessive noise and in-



’ adequate signal strength are detected and used to

drive the afc gate beyond the cutoff point to pre-
vent the delivery of the third limiter output to the
afe circuit.

9. Input Stage
(fig. 8)

a. An if. of 455 ke is delivered from the receiver
to converter IF. INPUT jack J1. Adjustments
are provided so that the converter may be used
with any receiver that has an if. output within the
range of 450 to 510 kc. In this and the other
theory paragraphs that follow, it is assumed that
the converter is used with Radio Receiver R-390/
URR, or equivalent, which has an if. output of
455 ke.

b. The input signal to the converter is applied
across coaxial line terminating resistor R1 and
control R2. INPUT GAIN adjustment control
R2 enables efficient mixing to take place in V1,
when the converter is used with receivers that have
various if. output amplitudes.

¢. Mixer V1 combines the 455-kc output of the
receiver with the 555-ke output of the converter
heterodyne oscillator to produce the converter if.
of 100 ke. The injection voltage, which is de-
veloped across R2, is applied to the second control
grid (pin 7) of V1. The output of the converter
heterodyne oscillator is coupled through C1 and
applied to the first control grid (pin. 2) of V1.
The plate circuit of V1 is tuned to select the dif-
ference between the mixer 455- and 555-ke inputs,

and reject other unwanted frequencies produced
in the tube. The plate current of V1 flows
through the slug-tuned primary of if. transformer
T1. This primary inductance, in parallel with
tuning capacitors C21 and C73, provides a plate
load resonant at 100 ke, when the siug core is cor-
rectly adjusted. The slug core of the transformer
secondary provides a coupling adjustment. Fixed
capacitor C22 and trimmer (C23 resonate the trans-
former secondary.

d. The mixer develops cathode bias across R4,
which is bypassed through C2. Resistors R2 and
R3 return the grids to ground. The screen volt-
age is held at the required dc potential by drop-
ping resistor R5, which is bypassed by C4. Plate
voltage for V1 is applied through R6, which is by-
passed by C5. The decoupling network formed
by R11 and C3 effectively prevents any rf. at the
plate and screen of V1 from reaching the con-
verter high-voltage power supply.

10. Heterodyne Oscillator
(fig. 9)

a. Oscillator V2 uses a dual triode in a modified
multivibrator circuit. The circuit is a two-stage
capacity-resistance-coupled amplifier that feeds
back on itself to sustain oscillation. A very small
positive voltage, applied to the control grid (pin 2)
of V2, is amplified, coupled through C19 and ap-
pears at the grid (pin7) of V2. The signal is fur-
ther amplified and feedback is achieved through
C16 and C15 to the grid (pin 2) of V2. -Such an
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Figure 8. Input and mixer stage, schematic diagram.
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arrangement oscillates because each triode section
produces a phase shift of 180° which results in a
feedback from one section to the other, with the
necessary phase to sustain oscillation. The oscil-
lator plates are loaded by R8 and R9 and are
decoupled from the high-voltage power supply by
R12 and C20.

b. The frequency determining elements of the
oscillator are in the grid circuit (pin 2) of V2.
These are I.1 and C6 through C14. A variety of
capacitors is used in the network to provide line-
arity with those attached to calibrated control
knobs. Variable inductor I.1 and the RANGE
COMPENSATOR, C8, may be adjusted to pro-
vide for if. input frequencies, at J1, within the
range of 450 to 510 ke (tig. 51). Mechanical drive
to C10 is geared down from the VERNIER con-
trol knob en the converter front panel. A plane-
tary (outer) disk around the knob indicates the
relative position of the rotor plates of vernier
capacitor C10 and an indicator line on this disk
lines up opposite appropriate calibration mark-
ings on the front panel. Capacitor C10 offers an
adjustment of =2 ke in the frequency of the
heterodyne oscillator. The accuracy of the VER-
NIER calibration is maximized by the correct
adjustment of C8 and I.1 during the converter
tuning procedure. Variable capacitor C13 is me-
chanically coupled to motor B1 (fig. 46). Capaci-
tor C13 is controlled through the equipment afc
circuit to hold the converter if. center frequency
at exactly 100 ke despite frequency variations in
the signal that is delivered to the converter from
the receiver. Capacitor C13 is also mechanically
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Heterodyne oscillator, schematic diagram.

coupled to the DRIFT INDICATOR control knob
on the converter front panel. The pointer of this
knob moves across a calibrated scale to indicate the
amount of frequency drift in the converter input.
Capacitor C13 may also be manually adjusted by
using the DRIFT INDICATOR control.

11. First If. Amplifier
(fig. 10)

a. The output of T1 is delivered to the control
grid (pin 1) of first if. amplifier V3. Amplifier
V3 is a sharp cutoff pentode, used in an amplify-
ing circuit. The circuit amplifies the output of
mixer V1 (fig. 8) and further attenuates unwanted
frequencies that appear in the mixer output. The
plate load of V3 consists of the tuned network,
formed by the primary of T2 and by capacitors
(26 and C27. Resistor R15 slightly lowers the
Q so that the circuit of V3 has broad-band ampli-
fication characteristics. The secondary winding
of T2 is tuned by a variable slug and capacitors
(28 and C29.

b. Tube V3 is decoupled from the high-voltage
power supply by R16 and C25. Resistor R14, by-
passed by (24, is the screen-dropping resistor.

Cathode bias for the stage is developed across R13.
Grid is returned to ground through the secondary
of T1.

12. Converter Upper and Lower Sideband If.
Amplifiers
(fig. 11)
a. Two identical stages, V4 in the converter up-
per sideband and V11 in the lewer sideband, pro-
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Figure 10. First if. amplifier, schematic diagram.

vide the necessary injection voltage for a satisfac-
tory output voltage from sideband filters FL1
and FL3. The converter upper sideband will be
discussed fully in this section; it differs from the
lower sideband only in the frequencies involved.
The if. output of T2 is coupled to the control grid
(pin 1) of V4 through C30 and R17. The input
signal is dropped across the L-pad, formed by
resistors R17 and R18, which isolates the amplifier
from the three other stages fed by T2. Tube V4
is a sharp cutoff pentode; the plate load is tuned
by the network comprising the primary of T3,
capacitor C34, and trimmer C33. Trimmer C33 is
adjusted so that the network is peaked at 104 ke.
The output curve of the transformer is flat across
the upper sideband frequencies, with very little
attenuation to carrier and lower sideband frequen-
cies. Resistor R21 lowers the Q in the tuned cir-
cuit, providing for wide-band amplification in
V4.

b. The output from the secondary of T3 is de-
livered into resistive padding network R23, R25,
R27, R26, R24, and R28. This network provides
the correct input impedance to upper sideband
filter F1.1, and also isolates the filter to prevent
detuning and other undesirable effects. Filter
FIL.1 is a band-pass filter that allows the frequen-
cies between 100.1 and 106 kc to pass freely, and
attenuates sharply all other frequencies.

¢. The output of FL1, which consists of the con-
verter upper sideband frequencies, is delivered,
through pad resistors R260 and R261, across im-
pedance-matching resistors R29 and R30 to the
untuned primary of T4. Proper impedance
matching at input and output of each filter insures
best band-pass characteristics. The secondary of
T4, also untuned, has one side grounded, while the

other side is connected to SB SELECT switch S1
(fig. 12).

d. Tube V4 develops cathode bias across R19.
The screen of the amplifier is decoupled from the
high-voltage power supply by network R20, C31,
and C32. The plate dropping resistor for the
stage is R22. :

e. In the lower sideband, V11 and its associated
components perform identical functions with
those in the upper sideband, except that the fre-
quencies selected by T6 and FL3 lie in the range
of 94 to 99.9 ke. These frequencies are the con-
verter lower sideband frequencies that correspond
to the transmitted upper sideband frequencies.
An additional capacitor, C62, is placed across the
primary of the output transformer of V11. Capa-
citor C62 enables the transformer to be tuned to
the lower frequencies that are desired as an input
for FL3.

13. Channels A and B Sideband Amplifiers
(fig. 12)

a. The outputs of upper and lower sideband
filters FLL1 and FL3 are applied through T4, T7,
and SB SELECT switch S1 to channels A and B
sideband amplifiers V5A and V12A, respectively.

b. The intelligence delivered at the channels A
and B outputs is selected by the position of SB
SELECT switch S1. This switch has two posi-
tions, A-LSB, B-USB and LSB-B, USB-A.
These markings refer to the sideband frequencies
as transmitted, when the converter is used with
Radio Receiver R-390/URR or any receiver with
an equivalent system of input frequency conver-
sion.

c. Because of the reversal of frequency rela-
tionships caused by the converter input signal
heterodyning, S1 selects the converter upper side-
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Figure 12.

band frequencies to be delivered to channel A, and
the converter lower sideband frequencies to be de-
livered to channel B in the A-LSB, B-USB posi-
tion. In figure 12, switch S1 is shown in the
A-LSB, B-USB position. The converter upper
sideband frequencies are applied from T4 to con-
tact 11 of S1, through the switch rotating element
to contact 2, and to the control grid (pin 7) of
channel A sideband amplifier V5A. Simultane-
ously, the output of T'7, which consists of the con-
verter lower sideband frequencies, is applied to
contact 5 of S1, through another rotating element,
to pin 8 of the switch, and to the control grid (pin
7) of channel B sideband amplifier V12A. When
the switch is placed in the LSB-B, USB-A posi-
tion, the elements are rotated so that the converter
upper sideband frequencies are applied through
contacts 11 and 8 to pin 7 of V12A. The lower
sideband frequencies are applied through contacts
5 and 2 to pin 7 of V5A.

d. Sideband amplifiers V5A and V12A are Class
A triode amplifiers, which amplify the sideband
frequencies before they are applied to the de-
modulator stages. In channel A the output of
V5A is applied across load resistor R32 and is
coupled to the next stage through capacitor C36.
The plate is decoupled from the high-voltage sup-
ply by R31 and C35. Cathode bias is developed
across R33, which is bypassed by C37. The op-

Channels A and B sideband amplifiers, schematic diagram.

eration of channel B sideband amplifier V12A and
its associated components is the same as the op-
eration of V5A.

14. Channels A and B Demodulators
(fig. 13)

a. In channel A, the demodulator stages con-
sist of three triode seciions, V5B, and the two
halves of dual triode V6. There are two inputs
to the demodulators. Sideband frequencies are
coupled through C36 from V5A (fig. 12) and
applied to the grid (pin 2) of V5B. A 100-ke
carrier signal is applied to the grid (pin 7) of
V6A. The 100-ke signal may be either the recon-
ditioned carrier output of third carrier limiter V21
(fig. 17) or the output of the local carrier oscil-
lator, V35 (fig. 20) depending on the position of
CARRIER SELECT switch S6. A system of
cathode mixing through a common cathode con-
nection is used to combine the two input signals.
The resultant frequencies are amplified in V6B.
They are then applied to a filter where the un-
wanted frequencies are rejected, and only the dif-
ference (audio) frequencies are fed to the con-
verter audio amplifying stages.

b. Actual mixing of the sideband and carrier
frequencies takes place in R35, a cathode resistor
common to V5B, V6A, and V6B. Tube V5B,
driven by the application of sideband frequencies
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Figure 13. Channel A demodu
at its grid, and V6A, driven by the application of
100 ke at its grid, function as cathode followers.
Resistor R35 serves as a common load for both
stages. Resistor V6B is a grounded grid ampli-
fier, whose input voltages are developed across
R35.

¢. Resistor R36 is the grid return for V5B. Re-
sistor R34 and C38A decouple V5B and V6A
from the high-voltage power supply. The plate
of V6B is decoupled by R37 and C39A. The grid
of V6B is held at ground potential and decoupled
from the stage adjustable bias source by the pi-
network formed by C40, R39, and C42. The grid
of V6B is connected to the negative bias supply
through R40 and control R41, which is the CHAN.
A BIASADJUST. The combination of resistors
forms a variable vernier bias adjustment for V6B
so that minimum distortion appears in the audio-
frequency output of the amplifier.

d. The output signal of V6B, developed across
R38, consists of the various products that are
formed by mixing the converted carrier frequency
with the sideband frequency on the cathodes of the
demodulator strip. Rf components in the output
of V6B are bypassed to ground by C176 while af
components are coupled through C41 and R251 to
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the B wafer of LOW-PASS FILTER switch S2.
Switch S2 is a rotary switch (fig. 67) with two
sections, A and B, which are ganged together. The
bandwidth of the converter audio output signal is
regulated through this switch, which selects one of
two filters to be placed in the output circuit of
V6B. The frequencies that are delivered from
V6B contain many elements. Only one of these
(the difference between the carrier frequency and
the sideband frequency) is in the audio range.
Therefore, filtering out the unwanted high-fre-
quency components is easy. In the OUT position
of S2, the output of V6B is connected through
contacts 2 and 12 of S2B and is applied to the
100-ke series-resonant circuit contained in filter
assembly FL6. In FL6, the converter if. com-
ponents of the signal that may appear at contact
2 of S2B despite prior filtering are bypassed to
ground, and only the desired audio frequencies
pass on through contacts 10 and 8 of S2B to the
audio amplifying stages of the converter.

e. With S2 in the IN position, the output of
V6B is fed through contacts 2 and 1 of S2B to low-
pass filter F12. This low-pass filter passes all fre-
quencies up to 3.5 ke, and attenuates higher fre-
quencies 55 db down from the levels of the audio



frequencies it passes. Thus, F1.2, like FL6, rejects
the high frequencies present in the output of V6B,
and passes only the audio frequencies through con-
tacts 11 and 8 of S2B to the channel A audio out-
put stages.

f. Channel B demodulator stages are identical
with those used in channel A, and the components
perform the same functions.

g. The 100-ke signal that is necessary to de-
modulate the sideband frequencies is delivered to
V6A from S6, the CARRIER SELECT switch
on the front panel. Converted carrier frequencies
are fed to this switch from two sources: local car-
rier oscillator V35A (fig. 20) and third carrier
limiter V21 (fig. 17). By placing S6 in the LC
position, the output of local carrier oscillator
V35A is fed through contacts 11 and 4 of S6, which
are applied across isolating and dropping resistors
R131 and R132. In this position of S6, the recon-
ditioned carrier output of the third limiter is
grounded through R133. This simulates the load-
ing of the demodulator circuits, and thus prevents
the circuit of the third limiter from becoming un-
balanced when its demodulator output is not being
used.

h. In the RC position of S6, the reconditioned
carrier is fed through contacts 12 and 4 of S6 to the
demodulators, and the output of the local carrier
oscillator is grounded through R133. The equip-
ment is normally operated with S6 in the L.C posi-
tion. Use of the locally generated carrier assures
that intelligence will not be lost because of short-

+265V

R44
270K

CHANNEL A CHANNEL A

AUDIO AMPLIFIER AUDIO INVERTER
V7A V78
(1/2)5751 (1/2)5751

term carrier fading or the introduction of noise
to the demodulator circuit.

15. Channels A and B Audio Output Stages

a. The output of the channel A demodulator
strip is fed to a push-pull output stage that con-
sists of two dual triodes, V7 and V8 (fig. 14). In
channel B, an identical output stage is used, con-
sisting of dual triodes, V14 and V15 (fig. 67).
Channel A output is delivered to terminals 1 and 3
of TB1. The output of channel B is fed to ter-
minals 4 and 6 of the same terminal board. The
output stages of channel A and B are identical,
except for symbol numbers; therefore, only the
channel A circuit will be explained in detail here.

b. The output of the demodulator filters is ap-
plied across control R42, which is the A-VC screw-
driver adjustment on the equipment front pazuel.
This control adjusts the input amplitude of the
audio frequency that is fed to V7A to provide a
proper converter output level to its associated ter-
minal equipment.

c. From R42, the signal is fed to the grid (pin
2) of first audio amplifier V7A. Amplifier VTA
is a triode amplifier which is operated Class A.
The output is developed across plate load resistor
R44. Part of the output of VTA is coupled
through C45 to the grid (pin 7) of amplifier V8.
Another part of the amplifier output is applied
across R45 and R46. These values have been
selected to provide the proper voltage for balanced
push-pull operation of the output stages. The
result is to provide an output from inverter V7B
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Figure 1}. Channel A audio stages, schematic diagram.
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that is developed across plate load resistor R249,
which is 180° out of phase with the output of V7A.
The output of V7B is coupled through C47 to the
control grid (pin 2) of channel A output amplifier
V8. The plates of V7 are decoupled from the
high-voltage supply by R247 and C46A. Resistor
R43, bypassed by C44A, serves as a cathode bias
resistor common to both halves of V7.

d. The bias for the output amplifiers in V8 is
developed across unbypassed common cathode re-
sistor R48. The plate load for the two halves of
V8 is provided by the primary winding of center-
tapped output transformer T5. Transformer
terminal 1 is connected to the plate (pin 6) of V8,
and transformer terminal 3 is connected to the
plate (pin 1) of V8. Terminal 2 of the trans-
former is the primary center tap, which is con-
nected to the high-voltage power supply, provid-
ing plate voltage for the two output triodes. Be-
cause the two input signals to V8 are delivered
180° out of phase, the outputs of the two ampli-
fiers appear across the primary of T5, 180° out of
phase. This causes the high output level that is
characteristic of a push-pull amplifying stage.

e. The output of T5 is balanced to ground by
connection of the secondary center tap to ground
(transformer terminal 5). Terminals 4 and 6 of
the secondary are connected to TB1 terminals 1
and 3, respectively. Capacitors C48 and C49 are
connected across each half of the center-tapped
secondary to bypass any rf (100 ke).

16. Carrier If. Amplifier and Filter
(fig. 15)

a. The output of if. transformer T2 is delivered
to carrier if. amplifier V16 and is fed to the side-
band amplifying and separating strips. The con-
verter if. signal contains sideband frequencies, as
well as the converted carrier frequency. There-
fore, the output of V16 is fed to a very sharply
tuned filter, FL5, where the carrier component
(present in the if. signal) is separated from the
sideband frequencies; then the component may be
further reconditioned for use in the afc circuit and
the demodulators.

b. The output of T2 is coupled through C77, to
the grid of V16, across the dividing and isolating
pad comprising R100, R101, R102, and R103.
This pad lowers the signal level which is applied
to V16 to an apprepriate value and, at the same
time, enables a portion of the if. signal to be
tapped off at the junction of R101 and R103. This
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signal is used in the converter age circuit (figs. 26
and 27).

¢. Amplifier V16 uses a sharp cutoff pentode.
Cathode bias for the amplifier is developed across
R104, which is bypassed by C78. The suppressor
of V16 is grounded and screen voltage is applied
through screen grid dropping resistor R105 which
is bypassed by C79. Capacitor C80 and resistor
R107 decouple the stage from the high-voltage
power supply.

d. The output signal of V16 is developed across
plate load resistor R106, and coupled through C81
to voltage divider R108 and R109. Carrier filter
FL5 receives its input from the junction of these
two resistors. The filter is very sharply peaked
at 100 ke and has a pass band of approximately 20
cycles per second (cps). The values of C82 and
(83, in addition to R110 in series with R111, have
been chosen by the manufacturer to terminate the
secondary of the filter and should not, under any
circumstances, be changed.

e. The 100-ke output of FL5 is applied across
the resistive pad formed by series-connected re-
sistors R110 and R111. The signal developed at
the junction of these two resistors is delivered
through R112 to first carrier amplifier V17 (fig.
16).

17. Carrier Amplifying Stages
(fig. 16)

a. Two tuned amplifiers are used to amplify the
100-ke output of FL5 before the signal is delivered
to a three-stage limiting strip. The amplifier cir-
cuits are very similar in form; the two stages use
sharp cutoff pentodes operated Class A.

b. The output of FL5 is applied across the vari-
able attenuator formed by resistor R113 and CAR-
RIER COMPENSATOR control R112. This
control is adjusted for an ideal output level from
the carrier amplifying stages. The level is fed to
the carrier limiter strip and, at the same time, reg-
ulates the voltage applied in the CAR position of
the AGC SELECT switch to a reference level
(par. 30). Proper adjustment of R112 is indi-
cated by a midscale reading on the CARRIER
LEVEL meter, which is fed by the output of the
second carrier amplifier.

¢. The output of V17 is delivered to the primary
of T9 which is slug-tuned and paralled by capaci-
tors C87 and C88 to form a resonant circuit. The
secondary of T9 is slug-tuned and paralled by
(89 and C90 to form a resonant circuit. One side
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Figure 15. Carrier if. amplifier, schematic diagram.

of the transformer secondary is grounded, while
the other side is connected directly to the control
grid (pin1) of amplifier V18.

d. The plate circuit of V18, like V17, is loaded
by the net work that is formed by the primary
of a tuned transformer. Variable transformer
T110 is slug-tuned and paralled by €96 and C97
to form a resonant circuit. Capacitors (98 and
(99 perform the same function across the secon-
dary winding. Variable capacitors (94 and C95
form an adjustable voltage divider. This divider
enables a standard voltage output to be delivered
from the carrier section to the converter age sec-
tion for developing agc voltage. This voltage
controls the receiver that is used with the converter
(fig. 26 and 27).

e. Amplifier V17 develops cathode bias across
R114, which is bypassed by C84. Resistor R117
and (91 perform a similar function for V18.
The screen of V17 is dropped to an appropriate
de value by R115 which is bypassed by (85, while
R118 and (92 performs the same function for
V18. The plate and screen of V17 are decoupled
from the power supply by network, R116 and C86,
while R119 and (93 form the decoupling network
for V18.

f. Part of the output of the carrier amplifying
stages is fed to the limiter strip (fig. 17). How-
ever, part of the output is also delivered from the
secondary of T10 to (pin 7) of squelch voltage
rectifier V32 (fig. 18), and a portion directly from
the plate of V18, through a voltage divider, to the

converter age circuit (fig. 26). Terminal 4 of
T10 is held at effective alternating-current (ac)
ground potential through diode load bypass capac-
itor C140, for squelch voltage rectifier V32 (fig.
18).

18. Carrier Limiting Stages
(fig. 17)

a. The 100-ke output of T10 is delivered to the
carrier limiting stages which use dual triodes V19,
V20, and V21. The circuits of these three stages
are almost identical. The limiting strip performs
two distinet functions. The limiters assure ap-
plication of a noise-free reconditioned carrier of
unvarying amplitude to the afc and demodulating
circuits. Any noise present in the output of T10
is detected at the second limiter and delivered to
the converter squelch circuit (fig. 18) where the
noise voltage, if excessive, disables the converter
afc circuit.

b. The output of T10 is coupled through C100
and applied across R120 to the control grid (pin 2)
of first carrier limiter V19. Limiter V19 isa twin-
triode cathode-coupled amplifier. It achieves
symmetrical limiting because the first section is
cut off on negative peaks of input and the second
section is cut off on positive peaks of input ap-
plied at the grid (pin 2) of V19. The first section
of V19 functions as a cathode follower; its plate
is placed at ac ground potential through C101.
The triode is biased just above cutoff by R121.
The first section will pass all signals delivered to
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Figure 17.

it from T10, except the negative peaks of its input
signal that drive the section below cutoff. The
second section of V19 operates as a grounded grid
amplifier, the input signal of which is developed
across R121.  Because of the nature of the bias
applied to this second section, the tube will cut
off on the positive peaks of its input (the first sec-
tion passes the positive peaks of its input), thus
effecting the limiting action. The output of the
stage is delivered from (pin 6) of V19 to trans-
former T11. The primary of T11 is tuned by fixed
capacitor (102 and (103 and a variable slug; the
secondary by fixed capacitors C104 and C105 and
a variable slug. Resistor R122 is the plate drop-
ping resistor for V19.

¢. Second carrier limiter V20 operates the same
as V19. IHowever, noise components are detected
and filtered off in this stage for delivery to the
converter squelch circuit. The value of (106, in
the plate circuit (pin 1) of V20, has been selected
to bypass only the 100-ke component to ground.
Because of the nonlinear characteristic of the
stage, noise elements modulating the carrier fre-
quency are detected in V20, and coupled through
CI41 to noise squelch rectifier V32 B (C, fig. 16).

T3
1
I00KC TO
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I00KC TO
lg AFC GATE V22
v THRU Cli6
RI27
4700
+265V TM266-23

Carrier limiter section, schematic diagram.

d. Otherwise V20 is identical with the stage
preceding it. Input signal voltage to the ground-
ed-grid amplifying section is developed across
R123. The output (pin 6) of V20 is fed to the
primary of T12 which is tuned by fixed capacitors
(108 and C109 and a variable slug. The second-
ary of the transformer is tuned by fixed capacitors
(110 and C111 and a variable slug.

e. The output of T12 is fed directly to the con-
trol grid (pin 2) of third carrier limiter V21.
Limiter V21 operates like the two preceding lim-
iter stages. The plate of the cathode follower
(pin 1) of the third carrier limiter is placed at ac
ground potential through C112. Input signal
voltage to the grounded-grid amplifying section is
developed across R126. 'The output of V21 is fed
to T13, which has its primary peaked at 100 ke
by fixed capacitors C113 and C115, trimmer C114
and a variable slug. Resistor R127 is the plate
dropping resistor for the stage.

f. Onme side of the secondary of T13 is grounded.
The other side applies the output of the limiter
strip across resistive voltage dividing network
R129, R134, and R135. The limiter output to the
demodulator section (fig. 13) is tapped off at the
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junction of R129 and R134, and is delivered to
CARRIER SELECT switch S6. The output to
the afc circuit is tapped off at the junction of R134
and R135, and is fed to the control grid of afc
gate V22.

19. Squelch Circuit
(A, fig. 18)

a. The converter has a squelch circuit that dis-
ables the afc circuit when the signal-to-noise ratio
in the carrier amplifying strip drops too low in
value to exercise proper control.

b. The circuit uses a dual diode, V32, and two
dual triodes, V33 and V34. Part of the output
of the carrier amplifying section (par. 17) is de-
livered to (pin 7) of V32, which rectifies this out-
put and applies a dc bias voltage to the grid
(pin 2) of V33. When the signal strength applied
to (pin 7) of V32 (the signal delivered to the car-
rier limiting strip) falls below a suitable level,
V32 triggers V33. Tube V33, in conducting, acts
through amplifier V34 to cut off afc gate V22
(fig. 19), and disables the afc circuit. The noise
delivered from the first to the second limiter (fig.
15) is rectified in V32. This diode is connected to
the grid (pin7) of V33 and keeps the triode section
normally cut off. TIf the amount of noise deliv-
ered to the second limiter rises above a minimum
level, tube V32 conducts and triggers V33. Tube
V33 conducts through the plate (pin 6) and causes
amplifier V34 to cut off afc gate V22, which dis-
ables the afc circuit.

¢. Two rectifiers are used to measure signal-to-
noise ratio in the circuit. When the signal fades,
the output of the carrier amplifying section is
inadequate for the limiter strip to build up the
signal amplitude that is necessary for proper oper-
ation of the afc circuit. In this case, V32 applies
squelch. However, any output of the carrier am-
plifying section will cause V32 to conduct, whether
that output be converted carrier or noise. The
noise frequencies are separated at the second car-
rier limiter and applied to (pin 7) of V32, which
starts the squelch operation. When the carrier is
too low (in amplitude) to be built up to sufficient
strength in the limiter strip, squelch is applied.
When the noise level is too high to be clipped by
the first limiter strip, squelch also is applied. The
squelch circuit measures the quality of the signal
fed to the limiter strip, and closes the afc gate
when the signal is unsuitable for afc circuit
operation.
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20. Carrier Fade Squelch Circuit
(B, fig. 18)

a. Section B of figure 18 shows the circuit used
in the application of squelch voltage when pro-
nounced fading on the part of the carrier signal is
delivered from the carrier amplifying section.
When the carrier fades, the signal-to-noise ratio
decreases, and undesirable noise would appear in
the output unless the carrier fade squelch circuit is
in operation. This output, consisting of a 100-ke
signal and any noise that may be present, is de-
livered from the secondary of T10 to two points;
first carrier limiter V19 (fig. 17) and the plate of
carrier rectifier V32A. This diode performs two
functions, it rectifies the voltage fed to CARRIER
LEVEL meter M2, and it provides a means for
measuring the output level of T10 to operate the
squelch circuit.

b. Operation of the carrier fade squelch circuit
is as follows:

(1) When the carrier fades (falls below a
usable level), V32A will conduct less than
with a strong carrier signal.

(2) The negative voltage across CARRIER
FADE SQUELCH control R189 will de-
crease (become less negative).

(3) This change is applied to the grid of
V33A through R191, causing it to become
less negative until V33A begins to con-
duct.

(4) The output signal level of T10, which
causes V32A to maintain V33A in the cut-
off condition, is determined by the setting
of R189.

(5) When V33 begins to conduct, the positive
voltage at the junction of R199, R200, and
R201 decreases to a value that will cause
V34A to cutoff.

(6) When V34A cuts off, the voltage at the
junction of R205, R207, and R208 in-
creases causing V34B to conduct.

(7) When V34B conducts, the voltage across
R203 (SQUELCH THRESHOLD) de-
creases, making the voltage at the arm of
R203 more negative with respect to
ground.

(8) This negative voltage is applied to the
grid (pin 1) of afc gate tube V22, causing
it to cut off, and squelch is applied when
the carrier fades.
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Figure 18. Squelch circuit, schematic diagram.

21. Noise Squelch Circuit
(C, fig. 18)

a. Rectifier V32B operates the noise actuated
portion of the converter squelch circuit. Noise
frequencies from second carrier limiter V20 are
coupled through dc blocking capacitor C141 and
applied to the plate (pin 2) of V32B. The ampli-
tude of this signal varies directly with the amount
of noise, which is inversely proportional to the
amount of signal, fed to the limiter strip. A cer-

tain fixed negative voltage is applied from the
—150-volt dc supply through NOISE SQUELCH

control R194, in series with R193, and is placed on
the plate of V32B. Resistor R192 connects the
plate of V32B to the series-dropping network, at
the same time isolating the high-impedance noise
circuit from the low-impedance B supply. The
setting of R194 determines the amplitude of the
noise peaks necessary to overcome the negative
voltage applied to V32B.

b. When the noise peaks delivered to V32B are
sufficient in amplitude to overcome the fixed nega-
tive voltage applied to the plate, the diode begins
to conduct. The cathode of V32B is connected
directly to the grid of V33B. In the absence of
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excessive noise, this circuit is held at a negative po-
tential because the junction of the voltage divider,
formed by R197 and R198 is connected to diode
load resistor R196.

c. The operation of the balance of the noise
squelch circuit is the same as that of the carrier
fade squelch circuit (par. 20).

22. Afc Gate
(fig.19)

a. The output of the carrier limiter strip is fed
to afc gate V22. Bias on the control grid (pin 1)
of this sharp cutofl pentode is controlled by the
squelch circuit. When the output of V21 is suit-
able for operation of the converter automatic fre-
quency control circuit, V22 functions as an ordi-
nary frequency tripler, delivering 300 ke to the
afc circuit.  When the signal-to-noise ratio in the
limiting trip is unsuitable for operation of the afc
circuit, the control grid of the gate tube is auto-
matically biased beyond the cutoff point through
the operation of the squelch circuit. This pre-
vents the unsuitable signal from entering the afc
circuit and detuning the converter.

b. The output of the limiting strip is a 100-ke
signal. The input to V22 is the originally trans-
mitted carrier signal converted to a frequency of
100 ke ; therefore any drift of the original signal
will be reflected at the control grid of V22.

¢. The cathode of V22 is biased by R136, which
is bypassed by C117, in such a way as to slightly
distort the tube’s output. This produces a signal

that is rich in harmonics. The tube operates into
a tuned plate load that is formed by the variable
primary of T14. Both the primary and second-
ary of T14 are tuned. Transformer T14 provides
the inductance (1) and the capacitors C52 and
(178 provide the capacitance (c) for the tuned
inductance-capacitance (LC) circuit. The pri-
mary and secondary of T14 are adjusted to 300 ke
by the two variable slugs. This 300 ke is triple
the input frequency of V22. This tripling of the
input frequency delivered from V22 to the afc
circuit means that any error frequency present
in the input of the gate tube will also be tripled,
enabling a faster correcting action to take place
in the afe circuit.

d. SQUELCT ALARM lamp I 1 on the equip-
ment front panel lights when V22 is cut off;
therefore, the operator is warned when the afc cir-
cuit has been inactivated by the squelch circuit.
A pair of wires, in parallel with those of 1 1, is
connected to terminals 10 and 11 of TB2. This
provides a remote squelch alarm indicator. The
lamp circuit is 6.3 volts ac and operates from the
equipment filament supply.

e. The switch for the squelch alarm circuit is
located in relay K1. The winding for this current-
actuated relay is connected between the plate of
V22 and the high-voltage power supply. When
V22 conducts (and plate current flows) the relay
pulls in, opening the switch connected to I1. If
the afc gate is cut off by the squelch circuit, how-
ever, V22 ceases to draw plate current through the
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Figure 19. Afc gate V22, schematic diagram.
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relay winding, and it releases. The contacts of the
relay switch close, and allow I 1 (and any external
alarm indicator) to be lighted. The screen and
plate decoupling network for V22 is formed by
C121, C118, and R137.

23. Local Carrier Oscillator
(fig. 20)

a. A highly accurate, temperature-controlled
crystal oscillator is used in the converter for gen-
erating a 100-ke substitute carrier. This 100-ke
signal serves two functions in the converter: It
provides an interference-free and nonfading sub-
stitute for the reconditioned carrier in the de-
modulator circuits (par. 14). It is also used as
a standard against which the reconditioned carrier
i1s compared for operating the equipment afc
circuit.

b. The oscillator uses V35A, the pentode section
of triode-pentode V35, in an electron-coupled
modified Pierce circuit. The frequency determin-
ing components for the oscillator are in the circuit
of the first control grid (pin 2) of V35A. Quartz
crystal Y1, operated at its fundamental frequency,
takes the place of the I.C tank in the circuit. Two
capacitors, C175 and C148, are connected in
parallel with Y1. These capacitors have a small
effect in determining the frequency of the oscilla-
tor, and have been introduced in the circuit be-
cause of manufacturing considerations in the
production of crystals. Trimmer C148 is prin-
cipally used to adjust the local oscillator frequency
to the exact center frequency of the carrier filter
pass band. This trimmer may also be adjusted to
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compensate for changes in the overall capacitance
of the grid circuit, particularly those changes
caused by the replacement of V35. Resistor R213
establishes the bias on the grid (pin 2) of V35A.

¢. In an electron-coupled oscillator, the coupling
that is necessary to sustain oscillation is achieved
between the elements of the electron tube. The
signal is coupled back to the control grid of the
oscillator across the capacitive divider, formed by
C146 and C147. Resistor R212 is the screen-
dropping resistor for the stage. Screen voltage is
tapped off between R212 and R214, which, with
R218 form a voltage divider network from B+
to ground.

d. The plate load of V35A is the primary wind-
ing of T15, which is tuned by fixed capacitors
C149 and C150 and a variable slug. The 100-kc
output of the oscillator is coupled through the
transformer to CARRIER SELECT switch S6
on the front panel. The oscillator output is in-
troduced to the demodulator circuits through this
switch. A small part of the oscillator output is
also delivered to the grid of tripler V35B (fig.21).

e. Thermostat S13 (fig. 20) provides a means
of controlling the temperature of the crystal (Y1).
When the temperature surrounding S13 exceeds a
predetermined level, S13 opens to prevent the fila-
ments from heating the crystal. Once the tem-
perature falls below the predetermined level, S13
closes to make contact and allow the filaments to
heat. Capacitor C179, connected parallel to S13,
prevents modulation from occurring in the oscil-
lator caused by the chattering of the contacts dur-
ing the making or breaking of contact.
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Local carrier oscillator, schematic diagram.
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24. Tripler
(fig. 21)

a. Part of the output of local carrier oscillator
V35A is coupled through C151 to the grid of
triode amplifier V35B. This amplifier, operated
(Class B, is used to frequency-multiply the output
of V35A for use in the afc circuit of the converter.
Resistors R216 and R217 are used respectively to
overbias the grid and cathode of the tube to pro-
duce an output from the amplifier that is rich in
harmonics. This output is delivered to the plate of
the amplifier load that is the tuned primary of
T16.

b. The primary of T16 is tuned by fixed capaci-
tor (71 and a variable slug; the secondary by
fixed capacitors C180 and C181 and a variable
slug. The transformer is peaked, by means of its
variable core, to a frequency of 300 ke, which is
triple the frequency of the local carrier oscillator
(par. 23). The 300-ke of T16 is delivered from
the tuned secondary to the input circuits of phase
rectifiers V23 and V24, which form the beginning
of the afc circuit of the converter.

¢. Resistor R218 and C153 form a decoupling
network common to the plate circuits of both V35A
and V35B.

25. Afc Circuit

a. The function of the afc circuit is to assure
that accurate audio frequencies are delivered from
the converter to its associated carrier terminal
equipment. This correct audio output is neces-
sary if carrier terminal equipment is to function
properly. The afc circuit is operated by the con-
verted carrier frequency. A comparison circuit
is used to detect any frequency difterence between
the output of the 100-kc standard (local carrier
oscillator V35A) and the output of the third

TRIPLER
V3

(172)eus

carrier limiter V21. When operating at the end
of the receiving system, the afc circuit corrects
any drift in the transmitter or receiver output
frequency, as well as any frequency changes aris-
ing in the converter. The circuit corrects by
translating a frequency difference into the voltage
pulses necessary to operate a motor. The motor
drives a variable capacitor in the tank circuit of
heterodyne oscillator, and corrects the oscillator
frequency to maintain a converted carrier fre-
quency of 100 ke.

b. The afc circuit terminates in motor B1 (fig.
11). This type of motor is an ac followup device
operating on the same principle as an induction
disk watt-hour meter. The motor is commonly
called a drag cup type because its rotor consists
of an extremely light metallic cup on a shaft. The
cup rotates between a distributed pole, two-phase
stator and a fixed lamination stack, which is used
to complete the magnetic circuit. The field wind-
ings set up eddy currents in the drag cup which
react with the air gap flux to produce motor torque.
Torque in this type of motor is proportional to
the frequency of expansion decay of the field. In
the afc circuit used in this converter, the outputs
of two-phase rectifiers are used to excite the wind-
ings of the motor. The output frequency of the
rectifiers is a function of the difference between
the frequencies fed to them. The motor operates
only when a phase difference of 90° exists between
the signals applied across its windings; therefore,
two motor drive strips are incorporated, the signal
in one strip being 90° out of phase with that at any
comparable point in the other strip. Whenever a
difference frequency exists between the converted
carrier frequency and the output of local oscillator
V35A, an error signal is generated in each of the
two-phase rectifiers. Because of the 90° phase
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Figure 21. Frequency tripler V35B, schematic diagram.
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shift introduced in the phase-shifting network,
the error signal output of one rectifier is 90° out
of phase with the error signal output of the other
rectifier. This 90° phase differential is continued
through the amplifying cascade following each
rectifier, and thus provides the signal necessary
to operate the motor whenever an error is present
in the converted carrier if. 'The motor is mechan-
ically coupled to capacitor C13, in the grid circuit
of oscillator V2, through a reduction gear train
of approximately 600 to 1 ratio.

26. Phase-shifting Network and Phase Recti-
fiers
(fig. 22)

a. The output of tripler V35B 1is coupled
through C120 and C122 to be applied in series,
effectively, with each end of the secondary of
T14. Also appearing across this tuned circuit is
the third harmonic output of afc gate V22. The
energy at the secondary terminals is applied di-
rectly, through coupling capacitors C125 and
(128, to the plates of the dual diode phase recti-
fier V24, and indirectly, through a phase shift-
ing network, to the plates of phase rectifier V23.
Because of the phase-shift effected in this network,
the output of V23 is 90° out of phase relative to
that of V24. Little difference in peak output level
exists between V23 and V24 ; however, instantane-
ously, the level out of one will be passing through
maximum while the level out of the other is pass-
ing through zero. When the converted carrier fre-
quency is higher than the crystal oscillator fre-
quency, the output of one of the phase rectifiers
will lead that of the other; while, conversely, when
the converted carrier frequency is lower than the
crystal oscillator, the lead-lag relationship of the
rectifier outputs will reverse. This action in turn
effects the reversal of direction of motor torque
and the appropriate adjustment of C13 for correc-
tion of the mixing oscillator frequency.

b. The phase-shifting action may be demon-
strated in the diagrams of figure 22B. Illustrated
as a bridge network, the components R138, C123,
(124, and R139 have been selected to present virtu-
ally equal reactances to the 300-ke energy appear-
ing at the terminals of the secondary of T14. Cur-
rent through leg b-a-e produces a voltage drop
across R138, which leads the voltage across C123,
as shown in the vectorial graph. Since the capaci-
tive reactance equals the resistance, the total dif-
ference in phase angle between Eg,ss and Ecios 18

90°. Similarly, the current through the b-d-e leg
produces voltage drops that are in phase with the
voltages in b-a-e leg as illustrated. 1t becomes ap-
parent therefore that the voltage across d-a is 90°
out of phase with that across b-e. For simplifica-
tion of illustrating the phase-shifting function of
the network, the source, having an impedance in
the order of 125,000 ohms, was considered to com-
prise a constant current device, while the loads
across which Ey., and Ey,; appear were considered,
in each case, infinite. Actually, the load circuitry
modifies the amplitude of Ey,, and Ey.; to the
extent that Ey,, is approximately 3 db lower than
Ey,, rather than 6 db as would be indicated by the
vectorial diagram.

¢c. The vectorial diagram and discussion above
illustrate an instantaneous condition for a single
applied frequency as it is used to drive the two-
phase rectifier circuits. The same shift is felt by
all signals that appear at points b-e. At the same
time, it is obvious that the signal applied to the
plate of V23 through coupling capacitor C126 is
180° out of phase with the signal applied to the
other plate of V23 through coupling capacitor
C127, and siinilarly the signals coupled through
C125 and C128 to the plates of V24 are 180° out of
phase with one another. Therefore, when a single
frequency is applied at the secondary terminals of
T14 (as in the case where the afc gate tube is cut
off by the squelch circuit) there is a cancellation of
the output of one diode of the phase rectifier stage
by the output of the other diode. Similarly, when
the frequency of the local crystal oscillator is the
same as that of the reconditioned carrier, the dc
voltages developed at the junction of load resistors
R146 and R147, as well as the junction of R140 and
R141, cancel one another, and no output is de-
livered from phase rectifiers to the afc de amplifier
V25.

d. Whenever a frequency difference exists be-
tween the two signals that appear at the phase
rectifier plates, each diode develops an output
voltage proportional to the instantaneous differ-
ence between the voltages of the two applied sig-
nals. Of course, as in any rectifier circuit, each
diode conducts only when the signal applied to its
plate is positive relative to the cathode potential.
The rate of change of the output of each phase
rectifier is equal to the difference in frequency
existing between the two applied signals. Hence
an effective beat note is delivered from each phase
rectifier to the following de amplifier. When the
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Figurc 22. Phase-shifting network and phase rectifiers, schematic diagram




difference frequency remains constant (that is,
when no afe correction is being effected and the
converted carrier frequency is no longer drifting),
the output of each phase rectifier is a virtual sine
wave or ac voltage. However, under conditions
of drift and correction, the outputs may more ac-
curately be considered pulsating de¢ voltages.
Figure 49 shows the scope pattern that may be
observed at the output of each phase rectifier and
C, figure 22 indicates the respective output of each
during any given instant during a theoretical cy-
cle of error signal.

e. The output of V23 is delivered across the
cathode load comprised of R144, R146, C131,
R145,R147,and C132. Capacitors C130 and C133
are rf bypass capacitors located, respectively, in
the plate and output circuits of the rectifier.

f- The operation of V24 being the same as that
of V23, corresponding components are provided
to perform equivalent functions to that described
for V23. The output of V24 is delivered to pin 7
of afc de amplifier V25. Although a slight dis-
similarity in level exists between the output of
V23 and that of V24, error signals of 1 cps (be-
tween converter carrier and local carrier oscillator
frequencies) generate sufficient output from V23
and V24 to drive the afe de amplifier through cut-
off or conduct cycles, necessary to drive succeeding
stages actuating the motor.

27. Afc Dc Amplifier
(fig. 23)

a. The output of rectifier V23 is delivered
through grid-limiting resistor R152 to the grid
(pin 2) of V25. The output of V24 is fed through
R153 to the grid (pin 7) of V25. Tube V25 func-
tions to amplify the voltage of the output of the
two rectifiers (while maintaining their phase dif-
ferential) prior to delivery of the signal to the
motor drive stages. AFC switch S7 is in the
cathode circuit of V25. When the switch is in the
OFF position, cathodes of V25 are grounded
through R160, thus cutting off the triode sections
of the amplifier. In the ON position of ST, bias
at the cathode (pin 3) is established through the
dividing network formed by R155 and R164 while
R157 and R156 furnish bias for the cathode
(pin 8).

b. Resistors R154 and R158 are the plate-drop-
ping resistors for the stage. The output signal

from the plate (pin 1) is developed across divider
R161 and R163 (fig. 24). The output signal from
the plate (pin 6) is developed across R159. Since
the input signals are 90° out of phase (C, fig. 21),
this phase relationship is preserved in the output
from the afc dc amplifier (B, fig. 23). These out-
put signals are delivered to amplifiers V26 and
V29, respectively.

¢. The small difference in voltage that exists at
the grid of each section of the afc dc amplifier
(par. 26a) disappears in the cutoff or conduct
cycles of the amplifier so that drive to subsequent
stages is virtually equal.

28. Afc Amplifiers-inverters
(fig. 24)

a. Two dual triodes, V26 and V29, are used to
provide the push-pull output necessary to operate
the motor drive stages of the afc circuit. The
circuits are nearly identical and only the operation
of V26 will be discussed in detail here.

b. The output from the plate (pin 1) of afe dec
amplifier V25 (fig. 23) consists of a dc pulse re-
curring at the difference frequency between the
output of tripler V35B (fig. 19) and afc gate V22
(fig. 19). The grid (pin 2) of V26 is biased nega-
tive through R163, and the application of a signal
from the plate (pin 1) of V25 alternately cuts the
tube off, then allows it to conduct, at a rate con-
sistent with the difference frequency mentioned
above. Simultaneously, a similar action takes
place in V29A, except that the action of V29A
takes place 90° out of phase with that in V26A.
The lag or lead depends on the converted carrier
delivered to the phase rectifiers being higher or
lower than the standard signal.

¢. The output from the plate (pin 1) of V26A
developed across the plate load R165 is split. Part
of this signal is delivered through R169 to the grid
(pin 7) of V26. The remainder is fed to the grids
of V28. The output from the plate (pin 6) of V26
is biased through R167, the same as V26A. It
operates the same as the initial section, developing
its output signal 180° out of phase with that pro-
duced by V26A. The output of (pin 6) V26 is
fed to the grids of V27. Resistor R170 is the plate
load resistor for section B of V26.

d. The outputs of the similar stage V29 are
delivered to the grids of V30 and V31. However,
they are 90° out of phase with the outputs of V26,
as indicated in the diagram of B, figure 24.
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Figure 23. Afc dc amplifier, schematic diagram.

29. Afc Motor Drive Circuits
(fig. 25)

a. Four dual triodes, V27, V28, V30, and V31,
comprise the afc motor drive stages. Tubes V28
and V31 function as the motor drive tubes, with
V27 and V30 acting as ballast tubes. Tubes V27
and V28 are fed from phase rectifier V23 through
amplitiers V25A and V26 (figs. 22, 23, and 24).
Tubes V30 and V31 are fed from phase rectifier
V24 through amplifiers V25B and V29.

b. Tube V28 provides the signal that is fed to
one motor winding (A-B). This signal is de-
veloped when a negative pulse is applied to the
grid (pin 2) of V26. When this condition oc-
curs, V26B and V28 start to conduct. The con-
duction of V26B causes V27 to be held at cutoft.
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When V28 (motor drive tube) conducts, cathode
current is drawn from B+ through the winding
(A-B) of the motor. The theoretical wave shapes
diagrams of figures C, 22; B, 23; B,24; and B, 25;
figures 22C, 23B, 24B, and 25B show the sequence
of cutoff or conduct cycles and the maintenance of
the 90° phase differential between the voltages
applied to the motor windings. In B, figure 25,
the conduction patterns of all stages of the afc
circuitry for ease in visual analysis of circuit
operation is shown.

c. With a positive pulse applied to the grid
(pin2) of V26A, V26B and V28 are cutoff. When
this occurs, V27 (ballast tube) conducts, drawing
its cathode current from B+ through R253 and
R254. The function of the ballast tube is to pro-
vide a balanced drain on B+ when the motor
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drive tube is not conducting. Tube V30 and V31
operate in the same manner as V27 and V28.
Tube V30 and V31, however, are fed from the
signal that originates in phase rectifier V24. This
results in the signal applied across the motor
winding (C-D) fed from V31 being 90° out of
phase with that delivered from V28. This 90°
phase differential causes the motor to rotate. The
lead and lag relationship between the signals ap-
plied across the two windings determines the di-
rection the motor will rotate, and thus whether
it corrects by raising or lowering the frequency
of the heterodyne oscillator. Capacitors C137
and C138 are provided to reduce the peak voltages
across the motor winding inductance. Switch S8
is located within afc unit Z1. It connects AFC
DRIFT ALARM lamp I 2 and terminals 12 and
13 of TB2 to the 6.3-volt ac supply when motor
B1 drives capacitor C13 to near the limit of its
travel.

30. AGC SELECT Switch and SB AGC Control
(fig. 26)

a. The maintenance of the correct amplitude of
the audio output signal delivered from this con-
verter to terminal equipment is critical. For this
reason, control has been provided for the age cir-
cuit of the receiver from the amplitude of the
various parts of the transmitted signal affer they
have been separated in the filter circuits of the
converter. This converter is intended for use in
the reception of many different kinds of signals
(par. 4). Most of these signals have an undesir-
able characteristic ; they are unsatisfactory for use
in the age circuit of a receiver. One of the most
common types of twin single-sideband signals has
multiplex teletypewriter intelligence in one side-
band and facsimile and a voice order wire in the
other sideband. It is desirable to hold the tele-
typewriter intelligence at a constant amplitude.
Since the receiver age circuit measures the overall
input signal to its if. section for the purpose of
applying age voltage, it is evident that the incon-
stant amplitude of the voice signal in one of the
sidebands of the twin single-sideband signal will
cause a strong and short-lined application of
receiver agc voltage. This will result in the un-
desirable effect of suppressing and raising the
teletypewriter intelligence directly with the varia-
tions in the amplitude of the voice intelligence.
The problem therefore is one of selection. The
age voltage of the receiver must be controlled by
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the most critical component in the received signal
to provide for efficient operation by the system.
The AGC SELECT switch provides a means of
selecting this critical signal component for the
application of age voltage, after the received sig-
nal has been separated by the converter filtering
cirouits.

b. Switch S10 is a two-section rotary switch.
Wafer A selects the various points in the converter
circuit from which signals will be fed to the agc
amplifiers and rectifiers. Wafer B merely acti-
vates or deactivates the age circuit of the receiver,
depending on whether or not the operator intends
to use the facilities for controlling the receiver agc
from the converter. The switch operates in the
following manner :

(1) In the REC position, contacts 1 and 2
of S10A connect the switch input to
ground, while contacts 7 and 8 of S10A
connect the first control grid (pin 1) of
first age amplifier V36 to ground. Con-
tacts 7 and 11 of S10B connect the re-
ceiver age output from terminal 9 of TB2
to the receiver through terminal 7 of TB2.

(2) Inthe CAR position, contacts 3 and 1 of
S10A connect the 100-ke carrier energy
from voltage divider C94 and C95 to
coupling capacitor C154. Contacts 9 and
7 of SI0A connect the coupling capacitor
(154 to the first control grid (pin 1) of
first age amplifier V36. Contacts of
S10B connect the converter age voltage
from AGC TIME switch S11 to the re-
ceiver through terminal 7 of TB2.

(3) In the LSB position, contacts 4 and 1 of
S10A connect the output of converter up-
per sideband filter FL1 from the second-
ary of T4 to coupling capacitor C154 and
variable voltage divider R250. Contacts
10 and 7 of S10A connect the arm of volt-
age divider R250 to the first control grid
(pin 1) of first age amplifier V36. Con-
tacts 11 and 12 of S10B connect the con-
verter agc voltage from AGC TIME
switch S11 to the receiver through ter-
minal 7 of TB2.

(4) In the USB position, contacts 5 and 1 of
S10A connect the output of lower side-
band filter FL3 from the secondary of
T7 to coupling capacitor C154 and vari-
able voltage divider R250. Contacts 11
and 7 of S10A connect the arm of voltage
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Figure 26. AGC SELECT switch and SB AGQ control, schematic diagram.

divider R250 to the first control grid of
first age amplifier V36. Contacts 11 and
12 of S10B connect the converter agc
voltage from AGC TIME switch S11 to
the receiver through terminal 7 of TB2.
(5) In the TSB position, contacts 6 and 1 of
S10A connect the converter if. signal
from the voltage dividing network (at
the input to carrier if. amplifier V16) to
coupling capacitor C154 and variable
voltage divider R250. Contacts 12 and
7 of S10A connect the arm of voltage
divider R250 to the first control grid (pin
1) of first age amplifier V36. Contacts
11 and 12 of S10B connect the converter
age voltage from AGC TIME switch S11
to the receiver through terminal 7 of

TB2.
¢. SB AGC control R250 is a front panel control
that provides compensation in the agec amplifying
circuit for proper operation of the circuit for
whatever type of sideband signal is being received
by the converter. The control is used in the cir-
cuit only in the USB, LSB, and TSB positions of
S10. If a transmitter rated at a given fixed

amount of power output, 1 kilowatt (kw), is used
to transmit ail four types of signals at different
times during the operating schedule, it results in
a condition whereby 1 kw of power is being used
to transmit a pure single-sideband signal, a single-
sideband signal carrier reduced, a twin single-
sideband signal carrier reduced, or an ordinary
double-sideband signal. If the upper sideband
frequency of all transmitted signals is used to
carry a multiplex teletypewriter signal and be-
comes the most critical portion of the signal with
respect to its amplitude, it is desirable for this
portion of the signal to control the receiver agc
voltage. The various types of signals named
above have different percentages of the available
transmitter power used in the transmission of the
upper sideband portion of the signal. In the or-
dinary double-sideband signal, relatively little
power is used in the transmission of the teletype-
writer intelligence. In the case of the pure,
single-sideband signal, the entire power output
(1 kw) of the transmitter is used in the transmis-
sion of the upper sideband frequencies. The other
types of signals fall between these two extremes.
The precise percentage of transmitter power de-
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voted to the transmittal of teletypewriter intelli-
gence is a function of the degree of carrier sup-
pression. The transmitter radiates 1 kw for the
overall signal. Tt is the different elements of the
signal that are attenuated or raised, depending on
the type of signal being transmitted.

d. At the receiving end of the system, the re-
ceiver age system sees a signal of the same average
amplitude regardless of the type. In the con-
verter, however, the situation is different. Here,
a difference in the percentages becomes a difference
in absolute values. Therefore, when a pure
single-sideband signal is transmitted, the upper
sideband frequency, as it appears at the output of
converter lower sideband filter FL3 (fig. 11), and
at the age circuit, is of very great amplitude, be-
cause the entire radiated power of the transmitter
is devoted to the transmission of this single fre-
quency. In the case of a double-sideband signal,
the output of FL3 is very small. Only about 25
percent of 1 kw available power is used to trans-
mit this specific intelligence.

e. If no provision was made for the adjustment
of the signal used to drive the agc circuit, the
result would be the application of a great amount
of agc voltage to the receiver in the USB, LLSB,
and TSB positions of S10, when a very great de-
gree of carrier suppression at the transmitter was
used. Very little age voltage would be applied
to the receiver when the carrier was not being re-
duced or when a twin single-sideband signal di-
vided the available transmitter power between
two sidebands. The application of age voltage
from the converter to the receiver would bear lit-
tle relationship to the absolute agc voltage level
required by the receiver to protect it from over-
load and to properly compensate for the increas-
ing or fading of the received signal, but would
apply age voltage dependent on the nature of the
received signal and the degree of carrier suppres-
sion used to produce the incoming signal.

f. The function of R250 is to overcome this un-
desirable effect. It enables the operator to ad-
just the voltage fed to first age amplifier V36 in
accordance with the type of signal the converter
is receiving. Therefore, for signals that use a
relatively high degree of carrier suppression, R250
is adjusted to attenuate the input to V36 by a
greater amount. For signals that have a lesser de-
gree of carrier suppression, R250 is adjusted to at-
tenuate the input to V36 by a lesser amount. The
normal setting of the SB AGC control (R250) for

36

the usual 20-db carrier reduction of the transmit-
ter is 7.5. Do not attempt to use this adjust-
ment as an audio volume control. Audio-output
levels are established as outlined in paragraph 68.
The adjustment of CARRITER COMPENSATOR
control R112 (fig. 16) takes care of variations of
carrier amplitude when the AGC SELECT switch
is in the CAR position. A balanced system is
thereby achieved to enable the converter to ap-
ply age voltage to the receiver in an amount com-
patible with the amplitude variations displayed by
the received signal.

31. AGC Circuit
(fig 27)

a. The output of S1I0A (par. 30) is delivered to
the grid of a sharp cutoff pentode, V36, which am-
plifies the signal and delivers it to a triode am-
plifier V37A, which further amplifies the signal.
The output of V37A is fed to the grid of the sec-
ond section of the dual triode, V37B, which has a
common grid and plate, thereby acting as a rec-
tifier. The dc output of this rectifier is used as a
control signal, delivered from the converter to op-
erate the age system of its associated receiver.

b. The output of S10A is fed to the first control
grid (pin 1) of V36. The amplifier is biased at the
cathode by R219, which is bypassed by C155. The
plate is decoupled from the high-voltage supply
by R221 and C157, the screen by R220 and C156.
Resistor R222 is the plate load resistor for the
stage.

¢. The output of V36 is coupled through C158
and is applied across resistor R225 to the grid of
second agc amplifier V37TA. Amplifier V37A fur-
ther amplifies the signal that is coupled through
dc blocking capacitor C160 to the plate of V37B.
The cathode of V37A is biased by R226, which is
bypassed by C161. Inductor L2 is used to provide
the plate load for V37A, while not decreasing the
applied plate potential, to permit greater signal
drive to age rectifier V37B. Resistor R223 and
(159 decouples the power supply from the plate
circuit of V3TA.

d. Agc rectifier V37B is a triode, which is con-
nected as a diode. The cathode of V37B is biased
through resistors R230, R232, R233, R234, and
control R231. The fixed resistors form two divid-
ing networks separated by R231, which is the AGC
THRESHOLD adjustment. One end of R231
taps off at the junction of R230 and R233, which
are series-connected between the power supply



ST AGC AMPLIFIER

V36 V37
6AU6
>

(172)5814
-

2D AGC AMPLIFIER

AGC RECTIFIER
+265V
V37 2e

(172) 5814

CARRIER OR
SIDEBAND
FROM

AGC SELECT

SWITCH SIOA

c155 Lcis7
.OIUFI.IUF

T +265V

R221
4700 1500

NOTE:
UNLESS OTHERWISE SHOWN
RESISTORS ARE IN OHMS,
CAPACITORS ARE IN UUF,

R233
180K

CONVERTER
AGC VOLTAGE

TO |AGC SELECT

SWITCH sSI0OB

Clee| Cl65
IUF | 12UF

Figure 27. Agc circuit, schematic diagram.

high-voltage and ground. The other end of the
control taps off the junction of R232 and R234,
which are series-connected between the B— power
supply and ground. The cathode of V37B is con-
nected to the arm of the control. As the arm of
R231 is varied toward the junction of R230 and
R233, the cathode of V37B becomes more positive.
As the arm is varied toward R232 and R234, the
cathode of V37B becomes more negative. Actu-
ally, since R231 is connected between the B+ and
B — supplies in this manner, the cathode of V37B
may be varied from —8 volts to +35 volts. This
design consideration enables the converter to be
adapted for use with receivers that have a variety
of characteristics in their age circuits. In-
structions for adjusting R231 are given in para-
graph 67. Capacitor C162 is the bypass capacitor
for the cathode bias network of V37B.

¢. The dc voltage output of V37B is fed through
isolating resistor R227 and applied across R228,

~ which is the AGC OUTPUT adjustment. The

negative potential at the arm of R228 varies with
the condition of V37B. The more V37B conducts,
the more negative the potential at the arm of R228
becomes. This change in potential is reflected
through isolating resistor R229 to the age system
of the receiver, thus controlling the application of
agc voltage in the receiver. The function of R229
and the arm of R228 is held at effective rf ground
potential by C164. Resistor R228 is adjusted to
balance the age voltage output with the receiver

age system. Instructions for adjusting R228 also
are given in paragraph 67.

/.- The AGC TIME switch, S11, is provided to
enable different times of reaction to be selected
for operation of the age circuit with various types
of signals. The switch selects capacitors which,
when placed in the de output circuit of the age
amplifying-rectifying section of the converter,
charge and discharge to slow up the effect of the
age circuit. The switch has three positions:
SLOW, MED, and FAST. In the FAST posi-
tion, the output of the agc circuit is connected
directly to the receiver and very little time delay
(caused by C163 and C164) across R227 and R228
is introduced. In the MED position, the output
of the age circuit is connected through terminals
7 and 9 of S11 to the ungrounded side of (166.
Capacitor C166 is a 1.0-uf capacitor giving the cir-
cuit a time constant of 1 second. In the SLOW
position, the output of the age circuit is connected
through terminals 7 and 8 of S11 across C165.
This capacitor (12 uf) gives the circuit a delayed
reaction of approximately 15 seconds.

32. Monitor Circuit
(fig. 27)
a. The MONITOR headset jack (J3) on the
front panel of the converter is made available as
an ald in various tuning and testing procedures.

The audio output of either converter channel A
or B may be selected by means of the MONITOR

37




switch (S3) on the front panel of the equipment
to be delivered to the monitor output amplifying
system. Two amplifiers are used in the circuit,
triode V9A and power pentode V10, which is op-
erated as a cathode follower.

b. The audio output of channel A, as it appears
at terminal 1 of T5 (fig. 14), is fed to terminal
8 of S3. The audio output of channel B, as it
appears at terminal 1 of T8, is delivered to termi-
nal 10 of S3. These are selected in the A and
B positions of the MONITOR switch on the front
panel of the equipment. Terminal 7 of S3 is the
wiper contact of the rotary switch through which
the selected audio signal is fed to the grid circuit
of V9A. In the OFF position of the MONITOR
switch, the grid circuit of V9A is connected
through terminal 9 of S3 to ground.

¢. The selected output of S3 is fed through the
voltage dividing network formed by R49 and C50
and applied across MONITOR GAIN control
R248. The volume of the output from MONI-
TOR jack J3 is adjusted by MONITOR GAIN
control R248. (Cathode bias for VIA is developed
across R50 which is bypassed by C51A. Resistor
R55 is the plate-dropping resistor for the stage.

d. The output of V9A is coupled through C55
to the first control grid (pin 1) of V10. Tube
V10 functions as a cathode follower output stage.
The pentode is connected as a triode, having a
common plate and screen which are decoupled

FROM PLATE

from the high-voltage power supply by R61 and

C57. The grid resistor, R57, is returned to the
low potential end of cathode-biasing resistor R58.
The load for V10 is formed by parallel-connected
resistors R59 and R60, in series with R58. The
signal developed by V10 across this load is coupled
through (56 to the MONITOR jack on the front
panel of the converter where it is made available
to a headset or any other suitable audio repro-
ducing device.

33. VU METER Circuit
(fig. 29)

a. A meter, calibrated in volume units (vu), is
mounted on the front panel of the equipment to
provide an indication of the converter audio-out-
put level delivered from channel A or B. A read-
ing of 0 vu on the meter indicates a converter
audio-output level of 1 milliwatt into a 600-ohm
line.

b. Through VU SELECT switch (S4) on the
control panel, the output of channel A or B is ap-
plied to vu meter amplifier V9B or the VU
METER circuit is turned off. In the A position
of S4, the audio output of channel A, as it appears
at terminal 3 of T5 (fig. 14), fed through contacts
8 and 7 of the rotary switch to the grid circuit of
V9B. In the OFF position, a blank contact (9)
is used. In the B position, part of the audio out-
put of channel B is taken off terminal 3 of T6 and

MONITOR MONITOR
(CF;::NGN)ELOZ s3 AMPLIFIER cs5 ouTPUT
Vo
.047UF vio
AUDIO OUTPUT ol ——_I___— (/2) 5814 | 6AQ5W
§ —
o——4 l | >
ks MONITOR =
et A 2
10 Lo+ Y mmm 7,0 - - ©
- < — c57
r248 XX )
500K 6 UF
i 2
50 cs6 =
FROM PLATE -\UF 200F |
(PIN 6) OF (—o—o0—
CHANNEL B —» X
AUDIO OUTPUT A—_‘[__i cs5l R50 R55 R57 R58 R61 J3
Vis A 1~liouF 15K 390K 330K 390 1K
R49 3
470K
3
NOTE:
UNLESS OTHERWISE SHOWN , R59 Reo
RESISTORS ARE IN OHMS. i 6,800 €800 L
+265 +265

Figure 28.

38

TM 266-3%

Monitor amplifier and output circuit, schematic diagram.



VU METER

AMPLIFIER Mi
FROM PLATE Vo 25?-' oo
u 3600
(PIN 1) OF N (/215814 | ’
CHANNEL A ]
AUDIO OUTPUT —
Ve ( 54)
REAR 4. VU METER
o8 B Ty R97
VU SELECT NS 12
09 [0oFF] N
1o A
(REAR) 8 R98
/" el 200
/;’\I O- ]
/
>\< VU RANGE 10
R99
R54 R56 330 |
FROM PLATE IMEG 12K
(PIN 1) OF i~ c53
CHANNEL B » e .04TUF = =
AUDIO OUTPUT X \|
VIS 1l
+265
NOTE:
UNLESS OTHERWISE SHOWN,
RESISTORS ARE IN OHMS,
TM 266 —36

Figure 29. VU METER circuit, schematic diagram.

fed through contacts 10 and 7 of S4 to the grid cir-
cuit of V9B. The signal delivered through S4 is
coupled through C53 and applied across the di-
vider formed by R53 and R54 to the grid of triode
amplifier VOB. This amplifier is biased by re-
sistor R52 and control R51, which are bypassed
by C51B. VU METER ADJUST control R51
varies the bias on the cathode of V9B, thereby
calibrating the meter.

c¢. The output of V9B is coupled through (54
and applied across resistor R96 and meter MI.
The meter is connected as a voltmeter with the
different multiplying resistors connected between
the plate circuit of V9B and ground. Depending
on the position of VU RANGE switch S5, either
R97, R98, or R99 is placed in the plate circuit of
V9B as a shunt to provide the proper meter sensi-
tivity. In the +10DB position of S5, R99 is
placed in the circuit. In the 0 DB and —10 DB
positions, R98 and R97, respectively, are selected as
shunts by S5.

34. Power Supply
(figs. 30 and 40)

a. General. The power supply converts the pri-
mary ac power source to voltages that satisfy the
circuit requirements of the converter. The con-
verter is operated from primary power sources of
105 through 125 or 210 through 250 volts ac, 50 to
60 cps. The converter power supply converts the
primary voltage to 6.3 and 5 volts ac for filament

and indicator lamp circuits; +345 volts de (un-
regulated) for the motor drive circuits; +265
volts dc (regulated) for the plate circuits; and
—150 volts de (regulated) for the bias circuits.
The de supplies are regulated to stabilize the oper-
ating conditions of the electron tubes in the con-
verter. Without voltage regulation, electrode
voltages would tend to fluctuate in response to
line voltage variations, as well as changes in load.
The two dc supplies use different modes of voltage
regulation. The less complex circuit used in the
low-current bias supply would not operate satis-
factorily in the high-current plate supply. Hum
and spurious signals on the power line are isolated
from the secondary windings of the power trans-
former by an electrostatic shield grounded
through the transformer case.

b. Power [Input (ircuit. The line voltage is
impressed across the primary winding of power
transformer T17 after passing through PWR IN
receptacle J5, VOLTAGE SELECT switch S12,
and circuit breaker CB1. The circuit breaker is
located on the front panel and serves as the con-
verter power switch. Circuit breaker CB1 is a
three-wire device, two branches of which contain
magnetic tripping elements. Circuit breaker CB1
will open the primary power circuit when the pri-
mary current exceeds the rating of the magnetic
trip in use. When S12 is in the 230V position, the
entire primary winding of T17 is connected to the
line through the low-current element of CB1. In
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the 115V position, S12 connects only one-half of
the primary winding of ™17 to the line through the
high-current element of CB1. Overload protec-
tion ic provided therefore whether the converter is
operating from a 105- through 125-volt or 210-
through 250-volt source. The third leg of CB1
does not contain a magnetic trip but simply con-
nects one side of the incoming line to the No. 1
terminal of the primary of T17. This leg is dis-
connected automatically when either of the other
legs trip, so that power is removed from both sides
of the transformer primary when a short circuit
occurs in the converter. Additional taps on the
primary of T17 provide for line voltages in the
105- through 125-volt and 210- through 250-volt
ranges. The 115 volts ac is tapped off one-half
of the primary, and is fed to blower motor B2
through J6 and P3.

. Filament Supply. Transformer T17 has six
secondary windings, four of which are used to sup-
ply filament voltages to the various electron tubes
in the converter. The filament supply voltages of
the various secondaries are distributed in the fol-
lowing manner:

(1) Terminals 12 and 13 supply 5 volts ac to
the filaments of rectifier tubes V38 and
V39.

(2) Terminals 17 and 18 supply 6.3 volts ac
to the filaments of regulator tube V40.

(3) Terminals 19 and 20 supply 6.3 volts ac to
the filaments of de¢ amplifier V41, motor
drive tubes V27 and V28, and the front
panel indicator lamp T 3.

(4) Terminals 24 and 26 and center tap ter-
minal 25 supply 6.3 volts ac to the fila-
ment of rectifier tube V43 and all the fila-
ment and indicator circuits located in the
converter drawer assembly except motor
drive tubes V27 and V28.

Note. Tubes V38, V39, V40, V41, V42, and
V43 are located on the converter power supply
chassis (fig. 40).

d. 265-Volt Source. The center-tapped power
transformer secondary winding, terminating on
terminals 14, 15, and 16, supplies high voltage to
rectifiers V38 and V39. The two plates of the
individual rectifiers are connected together, thus
doubling the current rating of each tube. The
tubes and the high-voltage secondary are con-
nected to form a full-wave rectifier. The center
tap (terminal 15) of the high-voltage secondary
winding is grounded and the pulsating de is taken

from one side of the rectifier filament circuit. The
high-frequency components of the pulsating dec
are attenuated by the low-pass filter formed by
I4, C167, and C168. The filtered dc is fed to the
265-volt regulator stage.

e. 265-Volt Regulator. Regulator V40, dc am-
plifier V41, and voltage reference tube V42 stabi-
lize the converter plate circuit supply voltage.
Regulator V40 functions as a controlled resistance
connected between the 265-volt source and the con-
verter circuits making up the power supply load.
The following is a step-by-step analysis of the
compensating action which tends to make the plate
supply voltage immune to line voltage variations
of approximately *+5 percent.

(1) An increase in line voltage results in an
increase in the output of rectifiers V38
and V39.

(2) The voltage across the load will also in-
crease, until compensated by a rise in the
controlled resistance represented by the
plate-cathode resistance of V40.

(3) A sample of the load voltage is fed to the
grid of de amplifier V41. The cathode
voltage of V41 is fixed by a gaseous volt-
age regulator, voltage reference tube V42.

(4) The increase in vokage at the grid of
V41 is amplified and inverted, and ap-
pears at the plate as a decrease in posi-
tive voltage.

(5) The grids of regulator V40 are connected
to the plate of V41. The decrease in
voltage at the plate of V41 has the effect
of increasing the grid bias on V40, in-
creasing the plate-cathode resistance of
V40.

(6) The load current through the increased
plate-cathode resistance of V40 results in
a greater voltage drop there, and less
voltage is delivered to the load.

(7) The voltage delivered to the converter
B+ supply is held constant, regardless of
whether the line voltage should increase
or decrease. (Current balancing resistors
R238 and R239 connect the plates (pins
2 and 5) of regulator tube V40 to the
filtered output of rectifiers V38 and V39
and act as parasitic suppressors. The
cathodes of V40 are connected to the load.
A sample of the voltage across the load
is taken from the movable contact of
REGULATOR CONTROL R245, a part

41



42

of voltage divider R244, R245, and R246.
The sample voltage is fed to the grid
(pin 1) of de amplifier V41. The cath-
ode bias of V41 is fixed by the series com-
bination of voltage reference tube V42
and resistor R241. The screen voltage of
V41 is held fairly constant by resistors
R235 and R236. When an increase in
line voltage causes a temporary increase
in voltage across the load, the grid (pin
1) of V41 will become more positive. A
higher plate current flows as a result of
this reduced bias. There is a greater drop
across R240, the plate load resistor of
V41, and the voltage at the plate de-
creases. The grids of V40 (pins 1 and 4)
are connected through parasitic suppres-
sors R242 and R243 to the plate of V41.
A drop in voltage at the plate of V41 re-
sults in an increase in grid bias at V40.
Thus, the plate-to-cathode resistance of
V40 increases for an increase in line volt-
age, and the voltage across the load is
restored to its original value. The regu-
lated output voltage will seek an original
value determined by the adjustment of
R245, regardless of the direction of the
line voltage change. The sample voltage
applied to the grid (pin 1) of de amplifier
V41 lags behind the immediate line-
voltage change, because of the action of
C171 and C172. If the time delay were
not introduced, the corrective action
would be regenerative. The combined
effect of (172, and the plate-cathode re-

sistance of V40, is that of a low-pass
filter which further smooths the output of
the rectifiers, as does the action of the
regulator system.

f. —150-Volt Source and Regulator. Rectifier
V43 and voltage regulator V44 supply the con-
verter with a stabilized source of bias voltage.
Stabilization of the bias source is necessary to hold
bias potentials at optimum values that are inde-
pendent of line-voltage fluctuations. The high-
voltage secondary winding of T17, terminals 21,
22, and 23, supplies high voltage to rectifier V43.
The high-voltage winding of V43 are connected to
form a full-wave rectifier. The cathode of V43
is grounded, and pulsating dc is taken from the
center tap (terminal 22) of the high-voltage wind-
ing. The pulsating de is then fed to C169 L5 and
C170, and low-pass filter which smooths out the
line frequency components of the rectifier output
voltage. The negative output voltage is stabilized
at 150-volt by the action of gaseous voltage regu-
lator V44 and series-dropping resistor R237. In
a gaseous voltage regulator with a suitable series-
dropping resistor, the terminal voltage of the
regulator will remain constant, with fairly large
variations of input voltages. An increase in line
voltage causes an increase in rectifier output volt-
age. The increase in rectifier output is absorbed
as a voltage drop across R237 because of increased
current through R237 and V44 which attempts to
maintain —150 volts across its elements. Regu-
lating action that results from a decrease in line
voltage causes the circuit to operate in the oppo-
site manner.



CHAPTER 3
TROUBLESHOOTING

Note. This chapter contains information for field
maintenance. The amount of repair that can be per-
formed by units having field maintenance responsibility
is limited only by the tools and equipment available
and by the skill of the repairman.

35. Troubleshooting Procedures

a. General. The first step in servicing a defec-
tive piece of electronic equipment is to localize the
fault. Localization means tracing the fault to the
major circuit responsible for the abnormal opera-
tion of the set. Isolation means tracing the fault
to the defective part responsible for the abnormal
condition. Some faults such as burned-out resis-
tors or capacitors and shorted transformers often
can be located by sight, smell, and hearing. The
majority of faults, however, must be isolated by
checking voltages and resistance.

b. Procedure. The tests listed below aid in iso-
lating the sources of trouble. To be effective, the
procedure should be followed in the order given.
Servicing should cause no further damage to the
equipment. First, trouble should be localized to
a single stage or circuit; then the trouble may
be isolated within that stage or circuit by visual
inspection, voltage and resistance measurements
and signal substitution.

(1) Visual inspection. The purpose of visual
inspection is to locate any visible trouble
such as loose, broken, or charred parts.
Through this inspection alone, the repair-
man frequently may discover the trouble,
or determine the stage in which the
trouble exists. This inspection is valu-
able in avoiding additional damage to the
equipment which might occur through
improper servicing methods and in fore-
stalling future failures.

(2) Resistance measurements. These meas-
urements (par. 42) prevent further dam-
age to the equipment from possible short
circuits. This test gives an indication of
the condition of the filter circuits; there-

fore, its function is more than preventive.

(8) Troubleshooting chart. The symptoms
listed in this chart (par. 41) will aid
greatly in localizing trouble.

(4) Operational test. The operational test
(par. 40) is important because it fre-
quently indicates the general location of
trouble. Inmany instances, the informa-
tion gained will determine the exact
nature of the fault. To use this infor-
mation fully, all symptoms must be in-
terpreted in relation to one another.

(5) Signal substitution and signal tracing.
The principal advantage of the signal
substitution and signal tracing method is
that it usually enables the repairman to
localize a trouble accurately and quickly
to a given stage when the general location
of the trouble is not immediately evident
from other tests.

(6) Intermittent troubles. In all these tests,
the possibility of intermittents should not
be overlooked. If present, this type of
trouble often may be made to appear by
tapping or jarring the set. It is possible
that the trouble is not in the converter,
but in the installation (cabling to re-
ceivers, power cable, or carrier terminal
equipment connections) or the trouble
may be caused by external conditions. In
this event, test the installation, if possible.

36. Troubleshooting Data

The material supplied in this manual will help
in the rapid location of faults. Consult the fol-
lowing troubleshooting data.

Fig Par % Description

44 |______ Converter remr oval and disassen bly.

46 |- ____ Afc unit, exploded view.

49 | ___ Afe circuit oscilloscope test points.

50 |- _- Alinerent and adjustrent points on con-
verter.
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36. Troubleshooting Data—Continued

Fig. Par. Description

62 |__.___ MIL-STD resistor color code.

63 |- MIL-STD capacitor color code.

64 |______ Tube socket voltage and resistance data
chart.

65 |- Resistor and capacitor board voltage and
resistance chart.

66 |- ____ B+ and B— voltage distribution diagram.

67 |______ Converter, schematic diagram.

68 |._____ Converter, wiring diagram.

37 | Test equipment required for field main-

tenance.

39 | Checking B+ and B— for shorts.
30 | Operational test.
41 | Troubleshooting chart.
42 | Dec resistances of transformers, coils, and
filters.
43 | Signal substitution and signal tracing notes.
45 | Replacement of parts.
46 | Disassembly and reassembly of afc unit Z1.
47 | Relay adjustments.
48 | Troubleshooting afe circuit.
50-68 | Alinement.

37. Test Equipment Required for Field Main-
tenance
The test equipment recommended for trouble-
shooting Single Sideband Converter CV-157/
URR is listed below. The manuals associated
with the test equipment also are listed.

Test equipment Technical manual

Tool Equipment TE-113______________| ______________
Tool Equipment TE-114__________ | ______________

Multimeter TS-352B/U_______________ TM 11-5527A
Signal Generator AN/URM-25________ TM 11-5551
Electronic Multimeter ME-6A/U______ TM 11-5549
Electron Tube Test Set TV=2/U_______ TM 11-2661
Electron Tube Test Set TV-7/U_______ TM 11-5083
Frequency Meter FR-67/U____________ TM 11-2698
Audio Oscillator TS-382A/U__________| TM 11-2684A
Sound Analyzer TS-615/U____________ TM 11-5032
Oscilloscope OS-8A/U________________ TM 11-1214

Variable Transformer CN--16A/U_ _____|.______________

38. General Precautions
(figs. 31-36)
Whenever the converter is serviced, observe the
following precautions carefully:
a. When removing the drawer assembly from
the base assembly (fig. 44), be careful not to place
a strain on the interconnecting cabling.
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b. Be careful when the drawer assembly is ex-
tended ; dangerous voltages are exposed.
e. Careless replacement of parts often makes
new faults inevitable. Note the following points:
(1) Before a part is unsoldered, note the
position of the leads (figs. 32-35). If
the part, such as a transformer, has a
number of connections, tag each of the
leads to it.
(2) Be careful not to damage other leads by
pulling or pushing them out of the way.
(3) Do not allow drops of solder to fall into
the set; they may cause short circuits.
(4) A carelessly soldered connection may cre-
ate a new fault. Tt is important to make
well-soldered joints, because a poorly
soldered joint is one of the most difficult
faults to find.

39. Checking B+ and B — for Shorts

a. General. Trouble within the converter may
be detected by checking the resistance of the high-
voltage circuits before applying power to the
equipment, preventing damage to the power sup-
ply. Make the following checks before attempt-
ing to put the converter in operation. The front
panel power switch must be in the OFF position
before any of these measurements are attempted.
The setting of other controls and adjustments is
unimportant.

b. Unregulated B+ Test. The measured re-
sistance between unregulated B+ and ground
should be 130K. A convenient test point is the
high potential terminal of R238 (figs. 30 and 41).
The high potential end of R238 is nearest the bot-
tom of the power supply chassis. The unregu-
lated part of the +265-volt supply is isolated from
the load by the plate-cathode resistance of regu-
lator V40. The plate-cathode resistance of V40
approaches infinity when the converter is turned
off. Thus, resistance measurements at this point
will only show up defects in components at the
input to regulator V40.

¢. Regulated B+ Test. The value of the re-
sistance measured between regulated B+ and
ground should be 23K. A convenient test point
is the high potential terminal of C172, mounted in
the converter base assembly (fig. 38). The high
potential terminal of (172 may be identified by the
two red wires. This resistance measurement tends
to reveal defects in the components connected to
the output of regulator V40 but will not reveal



defects in components connected to the input side
of V40.

d. Regulated B— Test. The measured resist-
ance between regulated B— test point and ground
should be 25K. The terminal of C170 to which
the two violet-white wires are connected is a con-
venient test point. The capacitor is mounted in
the base assembly and is located near the rear left
corner of the assembly (fig. 38).

e. Significance of Resistance M easurements.
If any of the above resistance values drop to a
few hundred ohms or less, a short in the wiring,
rectifier tubes, or filter capacitors may be sus-
pected. Any other change in resistance values
must be analyzed critically by referring to the B+
and B— voltage distribution schematic (fig. 66).
Leaky or shorted capacitors, interelectrode elec-
tron tube shorts, or wiring or resistor defects could
cause deviations from the normal resistance values.
Many component defects will not show up as a
change in resistance value at the test point because
of the magnitude of the isolation or load resistors
in the circuit. Occasionally, circuits that short
with high voltage applied will not appear shorted
to the low voltage of an ohmmeter. Other shorts
occur only when the tubes are hot and can only
be determined by other tests.

40. Operational Test

a. If the converter is connected with its asso-
ciated components for normal operation, refer to
the set manual to operate the equipment.

b. If the converter is being checked independ-
ently of the system, perform the following pro-
cedures to make it ready for operation:

(1) To simulate an input signal, connect Sig-
nal Generator AN/URM-25 at IF. IN-
PUT jack J1. Set the generator to
deliver 455-ke output at 10,000 microvolts

(uv) modulated 30 percent with a 1,000-
cps note. This input will simulate a
double-sideband signal input to the con-
verter, which is satisfactory for the op-
erational testing of the converter.

(2) To simulate an output load, connect four
300-ohm resistors across the terminals of
TB1. One between terminals 1 and 2,
one between terminals 2 and 3, one be-
tween terminals 4 and 5, and one between
terminals 5 and 6.

c. Tracking the afc circuit may be checked by
slowly varying the converter VERNIER control
while monitoring either channel A or B and ob-
serving the DRIFT INDICATOR control. The
pitch of the tone in the monitored channel should
remain the same and the DRIFT INDICATOR
should track, showing the same deviation fre-
quency as the VERNIER control is varied over
its range.

d. Connect the headset (or other auditor moni-
tor) to the channel A output and then to the chan-
nel B output on TB1 (terminals 1 and 3 for A;
4 and 6 for B). A strong output indicates each
channel is functioning.

41. Troubleshooting Chart

The following chart is supplied as an aid in
locating trouble in the converter. The chart lists
the symptoms that the repairman observes while
making a few simple tests with the equipment con-
nected as instructed in paragraph 40. The chart
indicates how to localize trouble quickly to the
input, sideband amplifiers, carrier amplifiers, de-
modulators, audio amplifiers, limiters, age, afec, or
power supply sections of the converter. Once the
trouble has been localized to a stage or circuit, a
tube check and voltage and resistance measure-
ments of this stage or circuit ordinarily should be

45



‘Mo 4o ‘fi]QuasSD JOMDLP 42312 U0) I8 dLnOLT

16-992HL
n $0 29 1z 24 j90  8£10 991D 9610 9 A W 1EA zZA 82ZA
660 vO 092 A 1 91 | 4810 / S910 =1-{}e} 80 OfA 6€10 LEA 62A
81
czo. P20
L2ZA
o | - o) 1219
Gl
1A
520 = - 92A
; ,\.\\|\\\|\\|\\\\||\I.m¢u
zeow A - A
g SIA
5
£€0 ar
s I/I’
o LA
gn griii
ol PA 22 T 2]
BIA
8.0
31A S2ZA
1€ 28
620 5
274 i
101 ZA |
61
9010 ciA PEA
ZIA
m 9A 190
$80 5 [ L
1A = i . N gozy 8€0
480 ; :
262 : 2in JSA
€910
o A
L010 oz 8110 [ »110 | 14H seA | €610 \svay 210 60 G990 4
oiL 6IA 22A il SiL 9L 899 2%0 6A 00

46



€95

RII3

RIt2 ciai RiIB9 St R228

Figure 32.

Converter drawer assembly, bottom view (rear section).
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Converter drawer assembly, bottom view (left section).
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Figure 35.

Converter drawer assembly, bottom view (center section).
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TM 266-61

Figure 36. Oscillator section, bottom view.

sufficient to isolate the defective part. However,
sometimes it may be necessary to run the signal
tracing check (par.43). Normal voltage and re-
sistance measurements are given in figures 64 and

65. Instructions for connecting the converter for
use with this chart are given in paragraph 40.
Signal substitution and tracing procedures are de-
scribed in paragraph 44.

Item Symptom

Probable trouble

Correction

1 | CB1, converter power switch throws
automatically to OFF position.

2 | Pilot lamp I 3 fails to light when CB1 is
in ON position.

3 | No audio output at MONITOR jack
J3 when VU METER indicates audio

signal present. tioned.

I 3 burned oaut.
LECT switech S12 (fig. 5) in
wrong position and/or TB3 and
TB4 tapped improperly.

Failure in T17 (fig. 30) ____________ Check T17, voltages and resistance.

MONITOR GAIN and MONI-

TOR switches improperly posi-

Short circuit in converter_ ________ Disconnect converter from power

source.

Check B+, B—, and filament sup-
plies for shorts (par. 39).

Check between terminals of P3 for
a short.

Trace short circuit following volt-
age and resistance data charts
(figs. 64 and 65).

Check I3. Replace.

Check S12 and power transformer
T17 primary taps (on TB3 and
TB4).

VOLTAGE SE-

Check setting of these controls.

Failure in monitor circuits________ Signal trace audio through S3 and

through monitor amplifiers V9
and V10 by using headset iso-
lated by .1-microfarad (uf) capac-
itor.

Check S3 (fig. 37).

Use tube socket voltage and re-
sistance chart to check circuits
of V9 and V10 (figs. 64 and 65).
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41. Troubleshooting Chart—Continued

Item

52

Symptom

Probable trouble

Correction

No indication on VU METER, no

audible signal at MONITOR jack for
either channel A or B, but CAR-
RIER LEVEL meter indicates.

Sideband tone monitors satisfactorily

in appropriate channels on either RC
or LC position of CARRIER SE-
LECT switch S6. CARRIER
LEVEL meter does not indicate.
SQUELCH ALARM lamp lights and
remains lighted as soon as SQUELCH
switch is turned to the ON position.

No indication on VU METER when

signals are audible at MONITOR
jack.

No indication on VU METER. No

audible signal at MONITOR jack in
one channel (either A or B), but when
SB SELECT switch is turned to
interchange channels (VU SELECT
and MONITOR switches also appro-
priately changed), VU METER
deflects and signal becomes audible in
new channel. CARRIER LEVEL
meter indicating satisfactorily.

Lower sideband frequencies do not

monitor or give VU METER indica-
tion in either channel A or B. Upper
sideband frequencies audible when
monitored in either channel and give

satisfactory  indications on VU
METER in both channels. CAR-
RIER LEVEL meter indicates

satisfactorily.

Upper sideband frequencies do not
monitor or give VU METER indica-
tion in either channel A or B. Lower
sideband frequencies audible when
monitored in either channel and give

satisfactory  indication on VU
METER in both channels. CAR-
RIER LEVEL meter indicates

satisfactorily.

Converter improperly tuned__ ____
Failurein VO___________________

Failure in local carrier oscillator
V35.

Failurein S6____________________
Failure in S1____________________

Failure in squelch voltage rectifier
V32.

Failure in CARRIER LEVEL
meter M2 or its circuits.

VU RANGE or VU SELECT
switch improperly positioned.

Failure in VU METER amplifying
circuit.

If channel A fails but channel B
operates properly, failure is in
channel A between S1 and T5
(fig. 67).

If channel B does not operate but
channel A operates properly,
failure is in channel B between
S1 and T6 (fig. 67).

Failure in circuit of V4___________

Failure in circuit of V11__________

Failure in S1

Retune converter.

Use voltage and resistance charts
to check circuits of V9 and V10
(fig. 64 and 65). Replace.

Throw CARRIER SELECT switch
86 to RC position. If monitor-
ing facilities indicate signal is
now present, use voltage and
resistance charts to check cir-
cuits of V35. Replace.

Make continuity check of S6.
Repair when possible. Replace.

Make continuity check of SI.
Repair when possible. Replace.

Use voltage and resistance charts
to check circuit of V32. Replace.

Check M2 and its circuits. Repair
or replace.

Check setting of these controls.

Use voltage and resistance charts
to check circuit of V9 (fig. 64).
Check 84 and S5 (fig. 37).

Use voltage and resistance charts
to check V5, V6, V7, and V8.
Run continuity checks on FL2,
FL6, and S2B. Replace if
necessary.

Use voltage and resistance charts to
check V12, V13, V14, and V15.
Run continuity checks on FIL4,
FL7, and S2A. Replace if
necessary.

Use voltage and resistance charts
and check V4. Trace signal
through these elements. Also
check continuity of T3, FL1, and
T4.

Use voltage and resistance data
charts and check VI11. Also
check continuity of T6, FL3,
and T7.

Make continuity check of S1.



41. Troubleshooting Chart—Continued

Item Symptom Probable trouble

Correction

9 | Sideband intelligence may be monitored | Failure in circuit of V19, V20, or
in LCposition of CARRIER SELECT V1.

switch, but not in RC position.
AFC INDICATOR does not move
when AFC switch is in ON position.
CARRIER LEVEL meter indicates
satisfactorily and SQUELCH
ALARM does not light when
SQUELCH switeh is in ON position.
10 | Sideband intelligence may be monitored | Failure in CARRIER SELECT
in LC position of CARRIER SE- switch, S6.

LECT switch, but not in RC position.
AFC INDICATOR shows satisfac-
tory tracking of afe circuit. CAR-
RIER LEVEL meter indicates satis-
factorily. SQUELCH ALARM does
not light when SQUELCH switch is
in ON position.

11 | Sideband intelligence may be monitored | Failure in circuit of V16, V17, or
in LC position, but not in RC posi- V1s.

tion of CARRIER SELECT switch.
CARRIER LEVEL meter shows no
reading. SQUELCH ALARM lamp
lights immediately when SQUELCH
switch is turned to ON. AFC INDI-
CATOR shows no tracking of afe

circuit.
12 | No intelligence in either channel indi- | Failure in mixer, heterodyne ocsil-
cated by monitoring facilities in both lator, or first if amplifier.

LC and RC positions of CARRIER
SELECT switch. No reading on
CARRIER LEVEL meter.
SQUELCH ALARM lights and re-
mains lighted when SQUELCH
switch is turned ON.

13 | SQUELCH ALARM lights and stays | Squelch adjustments poorly made_
lighted after SQUELCH switch is
turned ON, even though CARRIER | Failure in relay K1
LEVEL meter indicates satisfactory
input to limiter strip. AFC INDI- | Failure in V33 or V34
CATOR does not track frequency
drifts.

Failure in circuit of V19, V20, or
Va1.

14 | SQUELCH ALARM does not light, | Failurein T1___________________
even when signal generator is discon- | Squelch adjustments poorly made_
nected from converter IF. INPUT

receptacle. Failure in V32, V33, or V34_______

Failure inrelay K1______________
Failure in S9

Use voltage and resistance charts
to check circuits of limiter strip.
Check tubes V19, V20, and V21.

Make continuity check of S6. Re-
pair or replace.

Use voltage and resistance data
charts to check circuits of V16,
V17, and V18.

Use voltage and resistance data
charts to check circuits of VI,
V2, and V3.

Check squelch circuit (par. 76).
Check K1 (par. 47).

Use voltage and resistance data
charts to check circuits of V33
and V34.

Use voltage and resistance data
charts to check circuits of V19,
V20, and V21.

Check I 1.

Check adjustments in squelch cir-
cuit (par. 64).

Use voltage and rcsistance data
charts to check circuits of V32,
V33, and V34.

Check K1.

Make continuity check of S9.
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41. Troubleshooting Chart—Continued

Item Symptom Probable trouble Correction

15 | AFCINDICATOR does not move when | P2, J4 (fig. 37) disconnected______ Check P2 and J4.
converter VERNIER control is | Failure in afe gate_______________ Use voltage and resistance charts
moved slowly. SQUELCH ALARM to check output circuit of V22.
lamp lights, when VERNIER control | Failure in tripler V35B___________ Use voltage and resistance charts
has been moved slightly. Monitored to check circuit of V35B.
intelligence changes in pitch (in L.C | Failure in afe circuit__________ ---| Refer to paragraph 48.
position of CARRIER SELECT
switch) as VERNIER control is moved.

16 | AFC INDICATOR shows erratic track- | Converter or receiver improperly | Check tuning instructions for type
ing. Converter continually detuned tuned. of operation being used.
by afc circuit. SQUELCH switch | Poor signal being received and | If possible, check quality of re-
ON. squelch circuit has failed. ceived signal. Check output of

receiver to converter. If signal
input to converter is present, run
squelch circuit alignment pro-
cedure (par. 64) as check, (follow
procedure, but make no adjust-
ments. This will localize trouble
or improperly set threshold ad-
justment.)

17 | AFC INDICATOR runs continually | Failure in afc cireuit_____________ Refer to paragraph 48.
when converter input signal has not
drifted appreciably.

18 | AFC DRIFT ALARM lamp does not | Failurein S8 or 1 2______________ Check switch (located in Z1) and
light when AFC INDICATOR lamp.
reaches +2 KC or —2 KC calibra-
tion mark.

19 | Unsatisfactory audio-output level from | Failure in sideband amplifier, de- | Use voltage and resistance charts
converter in etther channel A or B modulator or audio-output to check circuits of V5, V6, V7,
(but not both) when A-VC and B-VC stages of affected channel. and V8 if failure in channel A.
controls properly set. CARRIER Check V12, V13, V14, and V15
LEVEL meter registers. Afc cir- if failure in channel B.
cuit operative.

20 | Overly distorted audio output from | CHAN. A BIAS ADJUST or | Use voltage and resistance checks
converter. CHAN. B BIAS ADJUST con- of amplifiers involved, particu-

trol improperly adjusted, or larly grid biases (par. 66).
other amplifier defects.

21 | No agc voltage applied from converter | AGC OUTPUT and/or AGC | Refer to paragraph 67 for proce-
ro receiver (for any position of AGC THRESHOLD adjustments im- dure for making these adjust-
SELECT switch). properly made. ments.

Failure in S10___________________ Make continuity check of S10.

Failure in age amplifiers or rectifier_| Use voltage and resistance charts
to check circuits of V36 and V37.

Failure in receiver age system_____ Check receiver age system by using
appropriate manual.

22 | When AGC SELECT switch is in one | SB AGC control improperly set___| Check setting of this control.
of the converter positions, input AGC OUTPUT or AGC | Referto paragraph 67 for procedure
signal from receiver immediately cuts THRESHOLD adjustments im- for making these adjustments.
off. properly made.

| Failure in receiver agc system_____ Use appropriate manual to trouble-
shoot receiver age circuit.

23 | VU METER shows reading (which may | Excessive if energy getting into | Check adjustment of FL6 and FL7

demonstrate a very-low-frequency
beat) with no modulation applied
to converter.

audio circuits.

Excessive noise feeding through
audio circuits. (Probably audi-
ble in phones.)

(par. 55).

Trace possible leakage from local
carrier circuit.

Check performance of audio tubes.

Check possible noisy connections at
tube pins and components con-
nections.
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Figure 37. Control panel, rear view.
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42. DcResistances of Transformers, Coils, and
Filters

The dc resistances of the transformer windings
and coils in the converter are listed below :

Caution: Do not attempt to make resistance
measurements with the power turned on.

Transformer or coil Measure between terminals Resistance (ohms)

Ll . _ _______ -2 . 2.

L2 _____ -2 5.3.

L4__ . -2 55.

Lo . =2 230.

FL1___ Between all terminals__| Infinite.

FL3. . __

FL56 | _____

FIAG 77777777777777777777777777777777

¥YL7 _ L _____

¥FL2 | 1-2_ _________________ Infinite.

FL14_________ 2-3 . 3K.

-3 Infinite.

T2 | ___

T ___ . I .

TI0.__________ -2 65.

T . 34 . 65.

T2 | . B

T3 . -2 . e 80.

T6. . . 34 13.8.

S -2 1.5.

T7 . 3—4___ 1.5.

-2 . 800.

Ts5 . 2= . 800.

TS 4-5_ | 21
56_ . 21.

Ti4___________ -2 30.

Ti6___________ 34 16.

T17_ . __. =2 [ Less than 1.
-6 ___ Less than 1.
-7 1.6.
-1 2.2,
19-20___ __ . Less than 1.
12-13. . 0.

17-18_ . 0.
14-15________________ 26.
15-16__  _____________ 26.
24-25 _  _____________ 0.
25-26_ . _________ 0.
21-22_ . . 70.
22-23 . [ 70.
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43. Signal Substitution and Signal Tracing
Notes

a. Gleneral. It is often easier to localize a faulty
stage by tracing a signal through the equipment
by using a signal generator and an electronic volt-
meter. Once the faulty stage has been located, it
is easy to find the component that caused the
failure. The charts below indicate voltage values
(=10 percent) when Signal Generator AN/
URM-25 and Electronic Multimeter ME-6A /U
are used for tracing signals through the converter
stages. 'The measurements should be taken while
simultaneously using the converter schematic dia-
gram (fig. 67) to find whether a deviation is caused
by failure in the stage at which measurements are
being made, or whether the failure lies ahead of
that stage. Make the measurements in the order
in which the charts list them. Where rf voltages
are indicated, use the diode probe of the electronic
multimeter. Where ac or dc voltages are indi-
cated, do not use the probe.

b. Preparatory Procedure. Before attempting
any of these measurements, INPUT GAIN control
R2 must be established at a standard setting. To
establish this standard, proceed as follows:

(1) Connect Signal Generator AN/URM-25
at IF INPUT jack J1. Set the gen-
erator to deliver 452-ke unmodulated out-
put at 10,000 uv.

(2) Turn the converter on, and set the VER-
NIER AND DRIFT INDICATOR con-
trols at O, KC, and the CARRIER SE-
LECT switch at I.C.  No other converter
controls influence this measurement.

(3) Connect Electronic Multimeter ME~
6A /U at terminal 3 of T4.

(4) Adjust the INPUT GAIN control for a
reading of .1 volt rf on the multimeter.

(5) The INPUT GAIN control is now at the
standard setting used to obtain the meas-
urements below.

c. Carrier and Agc Section Measurements.

(1) Set Signal Generator AN/URM-25 to
deliver 455-ke unmodulated output at
1,000 uv. Connect the generator at IF
INPUT jack J1.

(2) Set the converter front panel controls as
follows:




Control Setting

A¥FC___ . ON.
AGC SELECT___________ CAR.
CARRIER SELECT_____ -RC.
DRIFT INDICATOR.___| O. KC.

VERNIER_______________

CARRIER COMPENSA- |

To center signal in carrier
stages as indicated by
CARRIER LEVEL

meter.

To produce midscale reading

TOR. on CARRIER LEVEL
meter.
SQUELCH_______________ ON.

Note. If it is impossible to obtain correct
tracking of the afe circuit, turn the AFC control
to OFF and proceed with the measurements.
These symptomé' indicate failure in the con-
verter and it is probable that signal tracing

(3)

(4)

procedure will reveal the faulty stage.

Make all the following measurements to
ground with rf or de probe of Electronic
Multimeter ME-6A/U.

To check the clipping action of the carrier
limiter section (V19, V20, and V21), in-
crease the output of the signal generator
to 10,000 uv. Reset the CARRIER
COMPENSATOR to provide midscale
reading on the CARRIER LEVEL me-
ter, and repeat the measurement at ter-
minal 3 of T13. It still should measure
12 volts. To check the amplifying action
of the limiter strip, turn the SQUELCH
control to OFF and reduce the output of
the signal generator to 110 uv. Readjust
the CARRIER COMPENSATOR to re-
store the midscale reading on the CAR-
RIER LEVEL meter. The rf reading
at terminal 3 of T13 should not be re-
duced more than 2 db (9.3 volts).

Make measurement at
Stage Voltage (R;,g?gsigg Remarks
Tube Pin Other
Oscillator (V2) .- _______.__ Output_____ Vi 2 | 8
Mixer (V1) __ . ______ Input______ Vi A . 00069 | Remove V2.
Output_____ V3 ) I P . . 0165
First if. amplifier (V3)______ Output_ . |_____ |- Junction of . 026
R100, R101,
R102.
Carrier if. amplifier (V16)___| Output__.__| . _____|______ Junction of .61
C81 and R108.
Filter (FL5) - - - ___________ Output__. || Junction  of . 006
R110, RI11.
First carrier amplifier (V17)_| Output__..._ Vi8 1 | 37
Second carrier amplifier | Output____. V19 22 D 49 If measurements to this point
(V18). are correct but CARRIER
LEVEL meter does not in-
dicate properly, failure is in
V32 or meter.
First carrier limiter (V19)___| Output____. V20 2 D 3.0
Second carrier limiter (V20)_| Output_..__ V21 22 9.7 If measurements to this point
are correct and SQUELCH
ALARM remains lighted,
failure is in squelch circuit.
Third carrier limiter (V21)__| Output____._| . _____ . ____| Term. 3 of T13_| 12
Afc gate (V22)______ I Input______| V22 O S 1.5 Remove V35.
Output. |- | Term. 3 of T14_| 1.8
Local carrier oscillator |____________|______ ______| Term. 3 of T15.] 6.2 If all measurements to this
(V35). point are correct and AFC
INDICATOR still will not
track, failure is in afc circuits.
Local carrier oscillator_____ | Output___ || Term. 3 of T16_| 5.7 Remove V22.
First age amplifier (V36) - - _|.___________ V36 1 .03
Second age amplifier (V37)_| ___________ V37 A - 1.8
Agc rectifier (V37)_ . ___| _____._____ V37 | I I 18
Age rectifier output__ ||| Junection of |________. _| Affected by setting of AGC
R227, C163, THRESHOLD and AGC

and 1{228.7”7

WVQUTPUinWconErols.
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d. Converter Upper Sideband, Channel A, and

Age Measurements.

(1) Connect the rf output of Signal Genera-

tor AN/URM-25 to

IF. INPUT recep-

tacle J1. Set the generator to deliver an

unmodulated 452-kc

output at 10,000 uv.

The 452-ke signal will beat to fall in the
converter upper sideband and will pro-
duce an audio tone at the demodulator.

(2)

follows:

Set the converter front panel controls as

Control

Setting

Control Setting
VUSELECT___________________ A.
VURANGE_ __________________ O DB.
A-VC_____ . +10 db reading on

VU METER.

A¥YC____ . OFF.
SQUELCH_________________.___ OFF.
VERNIER___________ _________ 0O KC.
DRIFT INDICATOR__.__ I 0O KC.

Note. If it is impossible to obtain a 410 db
reading on the VU METER by adjusting the
A-VC control, proceed with the measurements
to discover the failure causing this symptom

SBSELECT._____________ A-LSB, B-USB. (par. 41).
A:GC SE}‘ECT- SRR EEEEEEEEE LSB. (3) Make the following measurements to
gﬁiglcER SELECT. o ;‘g ground with an rf, ac, or dc probe of
AGCTIME. __________________| MIN. Electronic Multimeter ME-6A/U.
Make measurement at
Stage Voltage Reading (volts)
Tube Pin Other
Mixer (V1) ____________________ Output_____ V3 ) .2 rf.
First if amplifier (V3)___________ Output____ |\ _____{______ Term. 3 of T2_______| 2.32 rf.
Converter upper sideband if. am- | Input______ V4 ) .245 rf.
plifier. Output____ || __ Term. 3 of T3_______ .9 rf.
Converter upper sideband (FL1) | Output_____|______|______ Term. 3 of T4_______ .1 rf.
Channel A sideband amplifier | Output_____ V5 2 .1 rf.
(V5A).
Demodulator (V6) carrier_ ______ Input______ Vé 8 | 4.3 rf.
Output_____ V6 ) 1.9 rf.
Output_____ V7 P . .021 ac.
Audio inverter (V7) second triode_| Input___.___ V7 A .019 ac.
Output_____ V8 2 | .83 ac.
First triode____________________ Output_____ A\ LA P .94 ac.
Audio output (V8)_ _ . _ ||| Term. 1 of TB1_____ 1.2 ac.
Term. 3 of TB1_____ 1.2 ac.
First age amplifier (V36)________ Input______ V36 I .03 rf.
Output_____ V37 . 1.8 rf.
Second age amplifier (V37) First | Output_____ V37 | 1 &2 | . 18 rf.
triode.
Age rectifier (V37) Second triode_|_ . __________|______|__ —-_-| Junetion of R227, | Affected by setting of AGC
C163, and R228. THRESHOLD and AGC
OUTPUT controls.

e. Channel B Measurements.
(1) Set the converter controls to the same po-

sitions used in d abov
exceptions:

Note.

e, with the following

If it is impossible to obtain a 410 db

reading on the VU METER by adjusting the
B-VC control, proceed with the measurements to

discover the source of t
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rouble (par. 41).

Control

Setting

SB SELECT
VU SELECT

B

LSB-B, USB-A.

B-VC____________| 410 db reading on VU METER.




(2) To check the channel B sideband ampli-
fier, demodulator, and output stages, con-

nect the signal generator as in d(3) above.

Make measurement at .
Stage Voltage - }Esz(}gsn)g
Tube Pin Other
Converter upper sideband if. amplifier (V4)_____ Output.________ Vi2 A D 1 rf.
Channel B sideband amplifier (V12A)__________| Output_________ Vi2 2 | 1 rf.
Demodulator (V13) carrier . __________________ Input._________ V13, A P 4.3 rf.
Output_________ Vi3 O 1.9 rf.
Output_________ Vi4 2 | . .021 ac.
Amplifier-inverter (V14) First section___ ________ Input__________ Vi4 /N P .019 ac.
Output._________ V15 2 | . .83 ac.
Output_________ V15 A .94 ac.
Audio output (V15) o Term. 4 of TB1_______ 1.2 ac.
Term. 6 of TB1_______ 1.2 ac.
(3) Connect Signal Generator AN/URM-25 e
to IF. INPUT receptacle J1. Set the Control Setting
oenerator to deliver a 456-kc unmodulated -
e " - . VU SELECT____ ______________ B.
output at 10,000 pv. This 456-ke signal VU RANGE. 110 DB
will beat to fall in the converter lower B-VC. O db reading on VU
sideband and will produce an audio tone METER.
after demodulation. AFC_ OFF.
(4) Set the converter controls as follows: SQUELCH.___._.........._.._.| OFF.
Control Setting (5) Make the following measurements to
ground with Electronic Multimeter M-
SB SELECT___________________ LSB-B, USB-A. 6A/U.
éingl?ﬁEgng—C:[‘ ----------- P(S3B (6) Restore the original settings of the IN-
VERNIER T o ke PUT GAIN A-VC and B-VC controls at
DRIFT INDICATOR ... | O KC. the conclusion of signal tracing test.
Make measurement at Reading
Stage Voltage (volts rf)
Tube Pin Other
Mixer (V1) .. Output_________ V3 1 | oo o| .2,
1st if. amplifier (V3) _________________________ Output________ |- _|._____ Term. 3 of T2_________| 2.32.
Converter lower sideband if. amplifier (V11)_____ Input._________ Vil ) .245.
Output_____ | ____ | _____ Term. 3 of T6_________ 9.
Converter lower sideband filter (FL6)_.__________ Output____ || ___ Term. 3of T7_________| .1.
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CHAPTER 4
REPAIRS

44. Removal and Disassembly of Converter
for Servicing

a. Figure 44 shows the steps necessary for re-
moval of the converter from the rack and mechani-
cal disassembly for servicing. Normally, it is not
necessary to separate the drawer and base assem-
blies. To reach the bottom of the oscillator sec-
tion, however, release the catches on the drawer
slides and separate the base and drawer assemblies.

Caution: The cables that connect the drawer
and base assemblies are short. Be careful not to
break these cables when removing the drawer from
the base.

b. The top and the bottom of the oscillator sec-
tion (containing local carrier oscillator V35 and
crystal oven HR1, figure 31) are shielded. Take
off the shields by removing the screws that hold
them in place.

45. Replacement of Parts

a. G'eneral. Most of the converter components
can be easily reached and replaced if found to be
faulty. Before attempting the replacement of any
part, be sure the power switch is in the OFF posi-
tion. The premature failure of a replacement part
or an associated component can be minimized if
the following precautions are observed:

(1) Be careful when replacing parts that re-
quire several electrical connections. As
the wires on the part are removed, tag
them to facilitate proper connection when
the replacement part is installed.

(2) When leads of other converter com-
ponents interfere with part replacement,
be careful when moving the interfering
leads out of the way. The interfering
leads, as well as the components, may be
damaged.

(3) Soldering should be done carefully. A
carelessly soldered connection may create
a new fault, which will be difficult to
find. Free drops of solder left in the
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equipment are a potential source of
trouble.

(4) A replacement part should be installed
in the same position as the original. Give
particular attention to proper grounding
when replacing a part. Use the same
ground connection as in the original
wiring.

b. Electron Tube Replacement. Most of the
tubes are readily accessible by removing the con-
verter dust cover (fig. 31). Avoid forcing any
of the miniature tubes during removal or replace-
ment operations. Careless handling of these tubes
may result in bending the base pins. Local carrier
oscillator V35 can only be replaced after first re-
moving the oscillator shield located on the rear
of the converter chassis. Tubes V38 through V44
are located on the base-mounted power supply
chassis (fig. 40). Special precautions should be
taken when removing V38, V39, or V40, as they
are held in place by base clamps. In addi-
tion, V38 and V39 have clamps about the glass
envelopes. These clamps must be loosened before
the tubes can be removed.

c. Afe Unit Removal. Afc unit Z1 must be
removed from the converter if the unit is to be
disassembled. Remove the DRIFT INDICA-
TOR knob. Disconnect P2 by rotating the lock-
ing ring 90° and withdrawing the plug. Discon-
nect P1 by unscrewing the locking sleeve, thus
withdrawing the plug. The afc unit finally may
be removed from the converter after the four ma-
chine screws that attach the unit to the front
panel are removed.

d. Power Supply (hassis Removal. Several
components associated with the power supply cir-
cuits are located on the underside of the base-
mounted power supply chassis. The power sup-
ply chassis must be removed and inverted to reach
these components. Remove the six machine screws
that hold the chassis to the converter base, and
the chassis may be removed from the base assem-




bly. There is a considerable amount of slack in
the cable that connects the power supply chassis
and the converter base assembly. The power sup-
ply chassis must be inverted carefully to avoid
twisting the interconnecting cable excessively.

e. Carrier Oscillator Section. To galn access
to the bottom of the carrier oscillator section, fol-
low the procedure shown in figure 44.

Note. In replacing either the bottom cover or the top
shield of the oscillator section, use Y%-inch (max length)
screws to avoid establishing undesired grounds between
oscillator subchassis and rf chassis.

f. Front Panel Removal. Remove the front
panel carefully; panel-mounted components and
associated wiring may be damaged. Particularly,
the extension shafts which must be re-fitted
through the panel on reassembly should be care-
fully handled to avoid striking components and
wiring. Follow the steps below to remove the
front panel; the afc unit, indicator lights, and
meters remain on the panel.

(1) Remove all knobs except that of the
DRIFT INDICATOR.

(2) Disconnect P1 and P2 from the afc unit
(fig. 34).

(3) Disassemble the nut, dial, and washer
from the VERNIER shaft.

(4) Remove the nuts and washers from
MONITOR jack J3 and all other con-
trols.

(5) Unsolder the leads to indicators I 1 and
I 2, and meters M1 and M2.

(6) Remove the mounting screws that hold
the VERNIER capacitor.

(7) Remove the 10 screws and washers that
hold the front panel to the rf chassis.

g. Access to Components Mounted Beneath
Z'erminal Boards. 'To repair or replace some
components, terminal boards or other components
must be removed. Components that are difficult
to reach and the preferred method to reach them
are listed in the chart below.

To repair or replace these components

Remove these parts

How

T11 (or any associated with its ter-
minals), C101, C84, and C85 (fig.
32).

Any on the shield side of TB14 (fig.
65).

FL2, TB28, and any associated with | FL6 (fig. 35)________
sockets for V5, V12, and V6 (fig.
65). Joaxial cables ___ __

Any associated with socket for V13__

AGC SELECT switeh S10 (fig. 35) __

CHAN B BIAS ADJUST control
R86 (fig. 42).

SB AGC control R250_ _ ___________

to R86 (fig. 32).

TB26 or any components on panel
side (fig. 65).
(fig. 35).

TB26.

Shield (left, fig. 32)

Adjacent shield (fig. 34)_ ________

SB SELECT switch shaft_ . ______
FL (fig. 35)_____________________
SB SELECT switch shaft_
Front panel _________
Cable clamp on chassis adjacent

Front panel________.

Front panel _________
CARRIER SELECT switch shaft

Bracket between front panel and

Remove two nuts that hold mounting studs.
Pull shield straight upward.

Remove CARRIER COMPENSATOR con-
trol shaft by loosening set screw on
coupler.

Remove two nuts that hold mounting studs.

Slide shield straight upward, exposing com-
ponents.

Remove two nuts that hold mounting studs;
unsolder two leads.

Push upward, singly, out of slot in which
they lie.

Loosen setscrew on coupler.

Remove two nuts that hold mounting studs;

. unsolder two leads.

Loosen setscrew on coupler.

Refer to f above.

Remove two mounting screws and nuts.

Refer to f above. Unsoldering leads to
front panel. components is not necessary
since wire slack permits panel to be pulled
away from rf chassis enough to allow
access to this control.

Refer to f above.

Loosen setscrew on coupler.

Remove two mounting screws and washers
to permit bracket to be moved toward
front panel, enough to allow access to
components.
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To repair or replace these components

Remove these parts How

FL4 (fig. 31) _____ ___ I C74 (fig. 33)________

T17 (fig. 39) . .

L4 (fig. 39) C168.______________

e Remove mounting hardware only; wire slack

permits sufficient movement of capacitor
for access to four nuts and wachers that
secure the filter.

____________ Remove six screws that hold L-bracket

stiffener to front panel.

,,,,,,,,,,,, Disassemble circuit breaker from front panel.

Wires need not be unsoldered.

,,,,,,,,,,,, Remove nuts and washers that hold mount-

ing studs.

Move components about ¥%-inch to leave
clearance for removal of T17. Remove
four nuts and washers that hold mounting
studs on transformer.

____________ Remove two nuts and washers that hold

capacitor to mounting plate, and move
component enough to provide clearance
for L.4. Disassemble L4 from the mount-
ing plate by removing four nuts and
washers.

h. Care in Remowval of Components. Mainte-
nance personnel are advised to use discretion in the
removal of components since, in some cases, the
disassembly of mechanical mounting will permit
access to the desired components, without the ne-
cessity of unsoldering leads of adjacent compo-
nents. When resoldering connections, make sure
they are mechanically sound and electrically con-
tinuous before the solder is applied.

i. Fabrication of If. Input Cable (fig.45). 'The
if. input cable used with the converter is RG-59/U
and its connectors are AN type UG-88/U. In-
structions for fabricating a cable for testing or re-
placement purposes are givén in figure 45.

46. Disassembly and Reassembly of Afc Unit

1
(fig. 46)

Caution: Incorrect alinement of the capacitor
drive mechanism (gear train, drive coupling, and
capacitor) prevents proper operation of the afc
unit and can result in damage to its components.
The replacement of capacitor ('13 and the disas-
sembly of the gearcase must not, therefore, be un-
dertaken by anyone except qualified personnel.

a. General. 'The afc unit (Z1) 1s an assembly
located in the right front portion of the converter
chassis  (fig. 31). The essential components
mounted inside Z1 are: variable capacitor (13, a
gear train and slip clutch for mechanically linking
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the capacitor to motor B1, and limit switch S8 to
activate a warning light when ('13 has been driven
near minimum or maximum capacity. A coupling
and shaft connects ('13 directly to the front panel
DRIFT INDICATOR knob. The front panel
AFCINDICATOR is a spinner disk geared to the
motor shaft, and indicates motor rotation when the
afe circuit is correcting. 'The motor leads termi-
nate in J4. The capacitor leads terminate in co-
axial connector J2. Both of these receptacles are
located on the rear of Z1. Instructions for remov-
ing Z1 from the converter are contained in para-
graph 45¢.  An exploded view of the afc unit is
shown in figure 46.

Note. Do not attempt repair of the afe unit until the
failure of the afe¢ system to correct for frequency drift
is definitely traced to the af¢ unit. In some cases, such
failure may be localized to something as simple as drag
introduced by locating the DRIFT INDICATOR knob too
close to the front panel. Clearance between knob and
panel should be approximately one-thirty-seconds inch.

b. For Access to Microswitch S8, Motor B1, and
Connectors J2 and J4. Using ordinary precau-
tions, the dust cover of Z1 may be removed by
electronic maintenance personnel, for partial dis-
assembly of the unit.

(1) Remove the 14-inch 6-32 screw located
adjacent to J2 and J4 on the rear of Z1.

(2) Carefully pull the dust cover straight
off. Avoid striking any of the compo-
nents within.




TO EXTEND THE CONVERTER ON ITS DRAWER
SLIDES WITHOUT REMOVING IT FROM THE RACK
THESE SEVEN SCREWS-AND NO OTHERS-ARE
REMOVED. THE CONVERTER MAY THEN BE
EXTENDED BY GRASPING THE HANDLES AND
PULLING THE DRAWER ASSEMBLY FIRMLY
OUTWARD.

THE CONVERTER MAY BE REMOVED FROM THE
RACK AND THE DRAWER ASSEMBLY EXTENDED
AS SHOWN MOST NORMAL BENCH SERVICING
AND TESTING MAY BE ACCOMPLISHED IN
THIS POSITION,

2 e
D
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©o©
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R oY)
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252°e
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THE CONVERTER IS FASTENED IN THE
RACK BY THESE EIGHT 12- 24 SCREWS,

CATCHES

C
[ )
(/] 7 .
S
S S % 6 %
WY
¢
o0x0
¢
(6]
TO GAIN ACCESS TO THE BOTTOM RELEASE THE CATCHES SHOWN IN VIEW "C" THEN SLIDE THE CABLE CLAMP
OF THE OSCILLATOR  SECTION UP END THE DRAWER AS SHOWN. THE CABLES FREE OF THE CHASSIS.
REMOVE THESE THREE SCREWS. WILL FALL AWAY REVEALING THE  UNDERSIDE
OF THE OSCILLATOR SECTION. D
TM266-38

Figure }4. Converter removal and disassembly.
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CLUTCH ADJUSTMENT

THE CLUTCH NEEDS ADJUSTMENT ONLY WHEN THE DOTS ON
THE SPINNER DISK FAIL TO BLUR AS THE DRIFT INDICATOR
SHAFT IS ROTATED. IF THE SPINNER DOTS DO NOT BLUR,
INSERT THE ALLEN WRENCH AS SHOWN.TURN THE WRENCH
VERY SLIGHTLY, CLOCKWISE. CHECK SPINNER MOVEMENT
AND REPEAT ADJUSTMENT UNTIL PROPER SETTING IS

OBTAINED. TURN WRENCH IN VERY SMALL INCREMENTS
AS EXCESSIVE FRICTION ON CLUTCH MAY CAUSE DAMAGE
TO GEAR TRAIN.

CONNECTOR
MOUNTING
PLATE

CAUTION

ELECTRONIC MAINTENANCE MEN MUST NOT ATTEMPT REPLACEMENT
OF CAPACITOR CI3 OR DISASSEMBLY OF THE GEAR CASE. PER-
MANENT DAMAGE MAY RESULT FROM IMPROPER ASSEMBLY OF
THE CAPACITOR DRIVE MECHANISM. DISASSEMBLY AND ASSEMBLY
OF THE GEAR TRAIN AND CAPACITOR DRIVE COUPLING SHOULD

BE UNDERTAKEN ONLY BY QUALIFIED PERSONNEL, TM266-39

Figure 46. Afc unit, exploded view.
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(3)

Inspect the components which are visible
for possible mechanical malfunctioning,
and for dirty or broken connector leads
or loose connector contacts, electrical dis-
continuity caused by broken leads or loose
connections, and dirty or corroded fric-
tion contact on the capacitor rotor.
When it becomes necessary to replace
either connector or microswitch, the con-
nector mounting plate must be disassem-
bled from its mounting studs.

Take out the two 14-inch 6-32 counter-
sunk screws that retain the connector
plate. Hold the hexagonal stud with a
wrench while removing the associated
serew.

Caution: Do not remove the two studs
on which this plate is mounted. The
screws that hold the studs will release
into the gearcase, necessitating further
disassembly for their recovery.

(6) Themounting plate may be lifted slightly

HOUSING

PINION

STATOR

(8)

(9)

for access to the solder connections on
J2 and J4.

‘onnectors J2 and J4 may be replaced
by loosening the respective nuts and lock-
washers and by unsoldering the leads on
the connector concerned.

Note. Errors in rewiring the replacement
connector can be avoided by tagging each lead
as it is unsoldered.

Disassembly of the motor requires the re-
moval of the three deeply recessed screws
on the panel of Z1. These three 1-inch
6-32 screws are identified by their aline-
ment with the mounting bosses on the
motor.

Microswitch S8 can be removed for in-
spection or replacement by taking out the
two 74e-inch 440 screws that hold the
microswitch and roller bracket to
the gearcase, and unsoldering the two
leads.

(10) The size of the mounting holes in S8

will permit some variation in its mounted

SPRING CLAMP

DRAG CUP HUB

ROTOR (DRAG CUP)

TM2241-56

Figure 47. Afc drive motor Bl1, exploded view.



position. When replacing the switch, the
desired position for restoring correct op-
eration of the DRIFT ALARM must be
re-established. Locate the switch so that
the contacts close (click) as the drive shaft,
is rotated through positions approxi-
mately 73° on either side of the zero drift
position (capacitor plates half meshed).
The roller bracket may be bent slightly
to meet this requirement.

c. For Removal and Replacement of Capacitor

d13.

Caution: This replacement should be under-
taken only by experienced instrument technicians
equipped to realine the capacitor drive mechanism
accurately. Misalinement can result in damage to
the afc unit or its continued failure to operate.

(1)

(2)
(3)

(4)

(5)

(6)

Remove the dust cover of Z1 and disas-
semble the connector mounting plate as
described in b above. Wire slack will al-
low the plate to be laid back so that C13
can be lifted clear.

Unsolder the yellow leads connected to the
stator and rotor of C13.

Release the four 14-inch 440 screws that
hold the capacitor mounting plate to the
gearcase casting.

The capacitor and its associated mounting
plate may be lifted clear of the gearcase
casting. A slight amount of force is re-
quired to withdraw the capacitor and ca-
pacitor mounting assembly. The as-
sembly will seem to bind because of the
force fit of coupling 0.6.

Note. Shims may have been added between
the capacitor mounting plate and the casting for
correct alinement. Retain these shims and use
as required to obtain optimum alinement upon
reassembly of the capacitor.

When installing a capacitor, position the
drive shaft with the flat in a plane parallel
to the straight edge of the capacitor rotor
plates (similarly, the curved edge of the
rotor is in the same relative position as the
rounded section of the shaft).

The afc unit will not follow the system
frequency drift and appropriately cor-
rect unless the torque is maintained as
listed below: motor B1 engaged at 1.50
inch-pound maximum and motor B1 dis-
engaged at 0.8 inch-pound maximum.
When making the torque measurement,

do not allow the roller on S8 to ride on
the cam. To establish the stated torque,
it may be necessary to introduce the shims
between the capacitor mounting plate and
the casting. Refer to the note in (4)
above.

Caution: Do not attempt to achieve
the desired torque by adjusting the ca-
pacitor bearing nut; such adjustment can
seriously modify the electrical character-
istics of the capacitor.

d. For Access to Gear Train and Clutch.
(1) Observe the caution in ¢ above.
(2) Remove the five shallow set 5 4-inch 6-32

screws from the panel end of Z1. Note
that the remaining three screws are more
deeply recessed in clearance holes, and
hold the motor in place. The motor need
not be removed when opening the gear-
case.

(3) The gearcase cover must be in a hori-

zontal plane and must be removed ver-
tically upward. The cover is held in
alinement by two pins that offer substan-
tial friction as the cover is removed. If
it is necessary to pry the cover off, an even
pressure should be exerted to avoid bend-
ing the dowel pins and gear shafts. The
spinner drive gear remains mounted to
the gear housing cover. Avoid damag-
ing the intermediate gear which will be
displaced by the spinner gear as the hous-
ing cover is lifted.

(4) Gently pry off the clear plastic cap pro-

tecting the indicating spinner. The
spinner and its driving gear may be dis-
assembled from the housing cover by un-
screwing the nut and spinner.

(5) Maintaining the gearcase casting in the

horizontal plane of (3) above, loosen the
two Allen-head screws on the switch-
activating cam and withdraw the clutch
and gear assembly. The unit is reas-
sembled in the reverse order, carefully
restoring the original relationship of
cam to capacitor plates and observing the
precautions listed below :

(a) When replacing motor B1, displace it
as far away from the capacitor mount-
ing plate as possible, while tightening
down its mounting screws. This will
prevent the motor pinion gear from
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binding due to being foo close to its
mating spur gear.

(6) A very small amount of watch oil
(about the quantity that will be picked
up by the end of a piece of No. 20 wire)
should be placed in each of the gear
shaft bearing holes on reassembly.
This is mnot a preventive maintenance
operation. It should be performed
only when reassembling the gearcase
after necessary servicing caused by
failure of the unit.

(¢) When replacing the cluteh and gear
assembly, proceed as follows:

1. Slip the cam on the drive shaft, notic-
ing the V-notch in the cam and the
scribed line on the drive shaft.

2. Assemble the drive shaft to the capaci-
tor coupling, alining the capacitor
rotor plates as described in ¢(5)
above.

3. Locate the center of the V-notch on the
cam to coincide with the scribed line
on the drive shaft. (After assem-
bly of the coupling to the drive shaft,
only a short portion of the line will
be visible through the V-notch.)

4. Tighten the cam set screws.

Note. A clearance of .005 to .010 inch
should be maintained between the cam and

the bearing insert on the casting to avoid
binding.

s
N~

. Re-establish the torque according to
¢ (6) above.

e. Adjusting Afe Unit Clutch. After reassem-
bly, the afe unit clutch is adjusted (fig. 46) in the
following manner:

(1) Place the Allen-head wrench in the ac-
cess hole.

(2) Turn the knob shaft while observing the
spinner disk. Do not move the wrench
while turning the shaft.

(3) If the spinner can be made to rotate fast
enough to make the dots appear slightly
blurred, do not adjust the clutch.

(4) If the spinner does mot move as noted,
turn the wrench very slightly in a clock-
wise direction. Never turn the wrench
counterclockwise.

(5) Turn the knob shaft once more, observ-
ing the spinner disk. If the dots blur,
stop the adjustment. Repeat the proce-
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dure outlined in (4) above until the dots
blur. Avoid excessive tightening.
(6) Remove the Allen wrench.

47. Relay Adjustments

a. General. Relay K1 is located on the under-
side of the converter chassis (fig. 35). The coil of
K1 is connected in the plate circuit of afc gate V22.
When the afc circuit is disabled, the current
through K1 is reduced, the relay armature is re-
leased, and the contacts of K1 complete the cir-
cuit between the filament supply voltage and
SQUELCH ALARM light I 1. Reliable opera-
tion of the converter squelch alarm circuit is de-
pendent on proper operation of K1.

b. Cleaning. The greatest source of relay fail-
ure is either contact or armature trouble. Contact
trouble may be caused by either contact pitting, or
by foreign matter lodging between the contacts.
Armature trouble may be caused by dirt between
the armature and the pole face. Periodic cleaning
of the relay will remove these troubles.

(1) Use a contact burnishing tool to clean the
relay contacts. Burnishing the relay con-
tacts monthly serves the double purpose
of both cleaning and smoothing the con-
tacts. By operating the relay armature
manually, the blade of the burnishing
tool may be inserted between the contacts.

(2) Dirt may be removed from between the
relay armature and pole face by using a
lightweight, lint-free cloth. Use a nar-
row strip of cloth moistened with a few
drops of carbon tetrachloride, and draw
the cloth between the armature and pole
face.

c. Testing. The relay must be adjusted me-
chanically if it fails to pull-in at a current of 4.5
to 5 milliamperes and release at a current of 3.2 to
3.8 milliamperes. To determine the electrical
characteristics of K1, remove one of the leads to
the coil of the relay and insert the milliammeter of
Multimeter TS-352B/U between the coil of the
relay and the disconnected lead. Attach Signal
Generator AN/URM-25 adjusted for 1,000-uv
output at 455 ke to converter IF. INPUT jack J1.
With the SQUELCH switch in the ON position,
and the AFC switch in the OFF position, tune in
the signal by means of the VERNIER control.
Yorrect tuning is indicated by maximum indica-
tion on the CARRIER LEVEL meter. Adjust
the SQUELCH THRESHOLD to the point at




which the SQUELCH ALARM lights, indicating
release of K1. Note the current through the re-
lay as indicated on the milliammeter. Readjust
the SQUELCH THRESHOLD control to cause
the relay to pull-in, thus extinguishing the
SQUELCH ALARM light. Note the current.
Upon completion of this test, restore the original
operating setting of the SQUELCH THRESH-
OLD control (par. 64).

d. Adjustment. The release current of the re-
lay may be changed by adjusting the gap between
the armature and the pole face. This gap is set
with the adjusting screw shown in figure 48. The

R

LOOSEN LOCKING NUT
. FOR RELEASE CURRENT
: ADJUSTMENT

T™M 266-29
Figure }8. Adjustment of relay K1.

adjusting screw may be turned after loosening the
locking nut. To make the relay release at a lower
value of current, turn the adjusting screw clock-
wise. Turning the screw counterclockwise in-
creases the current at which the relay will release.
The adjustment may be made without removing
the relay from the converter.

48. Troubleshooting Afc Circuit
(figs. 49 and 50)

a. The afc circuit in this equipment is not of
the extremely critical kind where difficulties caused
by component maladjustments will crop up. In

most cases, trouble in the afc circuit will be caused
by actual component failures that will be found
through use of the troubleshooting chart (par. 41)
and ordinary testing procedures. If, for some
reason, ordinary voltage and resistance measure-
ments fail to reveal the source of trouble, the signal
substitution and oscilloscope checks described be-
low will localize the trouble to a single stage, where
the technician will be able to proceed with ordi-
nary tests to isolate the component causing
trouble.

b. Signal Generator AN/URM-25, Oscilloscope
OS-8A/U, Frequency Meter FR-67/U, and a
source of 3 volts dc are required for the per-
formance of these tests.

c. Prepare the converter for testing by per-
forming the following procedures:

(1) Disconnect P1 from J2.

(2) Connect Signal Generator AN/URM-25
at IF. INPUT receptacle J1. Set the
generator to deliver 100.000-k¢ unmodu-
lated output at 1,000 uv.

(3) Connect Frequency Meter FR-67/U at
terminal 3 of T13.

(4) Set the converter front panel controls as
follows: Power to ON; SQUELCH to
OFF; CARRIER COMPENSATOR
for a midscale reading on the CARRIER
LEVEL meter; AFC to OFF. No other
controls have any effect on these tests.

(5) Adjust capacitor C13 (in afc unit Z1)
by hand, so that its rotor plates mesh
about halfway with those of its stator.

(6) Adjust the fine tuning of Signal Genera-
tor AN/URM-25 for a reading of 100.050

B ke on Frequency Meter FR-67/U.

(7) Disconnect the frequency meter.

d. Figure 49 shows the wave forms that should
be obtained throughout the afc circuit under the
standards established in ¢ above. Figures 32, 33,
34, and 35 aid in locating these test points. The
Y-axis of the oscilloscope should be connected at
the indicated test point and the X-axis to the
sweep to obtain the patterns shown. Proceed
through the diagram from left to right, tracing
the error signal through the afc circuit from its
input to its output. When a pattern illustrated
in figure 49 is not obtained, test the tubes and run
voltage and resistance checks (figs. 64 and 65) in
the affected circuit. Allow the motor to run dur-
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ing the tests (if it does run). If all the patterns
are obtained, and the motor still does not run, the
trouble is in the motor. To perform the tests:
(1) Turn the AFC switch to the ON position.
(2) Following figure 49, run the oscilloscope
tests in the circuit.

e. The patterns in the charts at the left-hand
side of figure 49 show phase relationships that
should be obtained when the Y-axis of the oscillo-
scope is connected across the points indicated when
the error signal described above is present.

f. Voltages indicated in the chart may be used
as a supplementary test to the oscilloscope checks
described. In some (and infrequent) instances,
correct patterns will be obtained, but they will
not be of sufficient amplitude to operate the cir-
cuit properly. To test for proper voltages, re-
move the signal generator from J1 and apply an
artificial #=3-volt dc bias to the cathode (pin 1)
of either V23 or V24. Application of such a volt-
age should produce voltages (=10 percent) as in-
dicated in the chart below.

ﬁgﬁfggla?ijs Bias Produces following voltages at—
Pin 1 of V23____|_.___| Tube____ V25 V26 Va7 V28
—--| Pins_____ 1 2 1 2 6 7 2 3 7 8 2 3 7 8
3 | Voltage. | 94 0| 250 0| 150 0| 144 | 175 | 144 | 175 | 225 | 175 | 225 175
—3 | Voltage__| 183 | —3 | 150 25 | 250 |—18 | 228 | 230 | 228 | 230 | 144 | 230 | 144 | 230
Pin 1of V24____|_ ___| Tube____ V25 V29 V30 V31
| Pins_____ 6 7 1 2 6 7 1 2 6 7 1 2 6 7
3 | Voltage__| 94 0190 |—25 | 80 | —5 | 175 |—20 |—20 | 175 | 126 0| 126 0
—3 | Voltage__| 183 | —3 83| —5 | 190 |—30 | 119 0 0| 119 | 170 |—24 | 170 | —24
!
Note. Conditions for test voltage measurements are as 49. Reﬁnishing

follows: AFC switch is in ON position, P1 is discon-
nected from J2, voltage measurements are made with
20,000 ohms-per-volt meter, and converter power switch
is in ON position. No other control settings affect these
measurements.

Instructions for refinishing badly marred panel
or cabinet exteriors are given in TM 9-2851,
Painting Instructions for Field Use.
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CHAPTER 5
ALINEMENT

50. General

a. Type of Adjustments. The alinement ad-
justments necessary for this converter fall into the
following general categories: adjustments made
to match the converter to its power source, as well
as its associated receiving and terminating equip-
ment, and adjustments demanded by the replace-
ment of a critical component. during repair pro-
cedures. Both types of adjustment are used to
aline an equipment after it has been reconditioned
at a depot or to bring it up to the operating stand-
ards. The adjustments most often performed are
the former, because these are necessary when the
converter is newly installed or when its associated
terminal or receiving equipment is exchanged.
Alinement and adjustment points are shown in
figure 50.

b. Test Equipment. The test equipment re-
quired to complete the alinement cf the converter

BASE ASSEMBLY

R245

Clia

Tie

Ti4

S2

R203

L!

TOP CHASSIS

R87
R42

FRONT CHASSIS

Fig, 50.
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TI2

Tio

TH
T9

C33
cel

T2

c23

Ti
R2
cs

and the manuals for this equipment are listed in
the chart (par. 37).
¢. Tools.

(1) A special alinement tool is provided for
adjusting the slugs in the variable trans-
formers and coils of the converter. The
tool, which is clipped on the underside of
the dust cover of the equipment (fig. 43),
incorporates a wrench and a socket for
adjusting slugs within a single tool.

(2) A 6-inch screwdriver is satisfactory for

screwdriver adjustments.

(3) A % ¢-inch socket or end wrench, or an

adjustable end wrench, should be used

for loosening the control locking nuts.

A nonmetallic alinement tool with a
screwdriver tip is supplied for the ad-
justment of capacitors.

(4)

BOTTOM CHASSIS

RI94 RI89 Cl48 R228 R86 R23l

R41
Cco4
RI90 RSI
BACK CHASSIS
TM266-55

Alinement and adjustment points on converter.



51. Alinement Preliminary Procedures

a. General. Before the converter is completely
realined, the voltage and resistance checks of the
B+ and B— supplies (par. 39) should be made.

b. Control Settings. Set all converter front
panel controls as indicated in the chart below:

Control Setting
MONITOR (S3) ... ___.__ OFF.
MONITOR GAIN (R248) _______ 0.
A-VC(R42) _____ Midposition.
B-VCRS87)______ Midposition.
SBSELECT (S1)_______________ A-LSB, B-USB.
VU SELECT (84)______________ OFF.
VU RANGE (85) .. __________ +10 DB.
SQUELCH (S89)__ ______________ OFF.
AFC (S87) - OFF.
AGC SELECT (S10)____________ REC.
CARRIER SELECT (S6) . ____ _-| LC.
SBAGC (R250) . _______________ 7.5.
AGC TIME (S11)______________ FAST.
VERNIER (C10)__ . ___________ 0 KC.
CARRIER COMPENSATOR | 6.5.

(R112).

DRIFT INDICATOR (C13)_____ 0 KC.

52. Power Supply

a. Primary Power. VOLTAGE SELECT
switch S12 selects the section of the power trans-
former primary necessary for converter operation
from either a 115- or 230-volt ac power source.
Selection of the transformer primary tap to be
used is made on terminal board TB3 or TB4
(fig. 42).

(1) Switch S12 is located immediately below
the power receptacle on the rear of the
converter case. Loosen the screws that
hold the sliding bracket that covers the
switch handle.

(2) If the converter is to be operated from
a 105- to 125-volt ac power source, set
VOLTAGE SELECT switch S12 to the
115-V position. If the converter is to
be operated from a 210- to 250-volt ac
power source, set VOLTAGE SELECT
switch S12 to the 230 V position.

(3) Tighten the screws that hold the sliding
bracket that covers the switch handle to
lock the switch in position.

(4) Remove the converter dust cover. Ter-
minal boards TB3 and TB4 are located

on a single phenolic board mounted on the
rear of the power supply subchassis.
This terminal board is accessible from the
rear of the converter.

(5) Determine the line voltage and place the
voltage tag screw in appropriate tap po-
sition on TB3 or TB4.

b. B+ Adjustment.

(1) Extend the converter drawer assembly
and remove the dust cover (fig. 44).

(2) Place Multimeter TS-352B/U on the 300-
volt de scale. Connect it at the terminal
of C172 to which the two red leads are
connected. Capacitor C172 is located
several inches below the subchassis that
contains the power supply tubes (fig. 38).

(3) Connect the converter to the ac power
source with PWR IN jack J5 (on the
rear of the converter case). With the
converter controls preset (par. 51), throw
the front panel switch to the ON position.

(4) Loosen the locknut on REGULATOR
CONTROIL R245, which is located near
the front of the converter base and which
may be reached from the top of the con-
verter when the drawer assembly is ex-
tended (fig. 38). This control is ad-
justed through an access hole in the plate
that shields the terminals of components
mounted in the converter case.

(5) After the converter has been on for 10
minutes, adjust R245 for a reading of 265
volts on the multimeter.

53. Mixer and First If. Amplifier Alinement

a. General. Mixer V1 and first if. amplifier V3
operate into tuned plate loads that are coupling
transformers. These transformers have variable,
slug-tuned inductances for their primary and sec-
ondary windings. The alinement of the two stages
consists of peaking these inductances at the con-
verter center if. so that the difference frequency
between the input signal from the receiver and
the output from the heterodyne oscillator of the
converter is selected while unwanted frequencies
are rejected.

b. Preparatory Procedure.

(1) Set INPUT GAIN control R2 midway
between its extremes of rotation. Set the
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(2)
(3)

(4)

converter front panel controls as in-
structed in paragraph 51.

Connect a 4,700-ohm, 14-watt resistor be-
tween terminals 3 and 4 of T1 (fig. 31).

Connect a 4,700-ohm, 14-watt resistor be-
tween terminals 1 and 2 of T2 (fig. 31).
The purpose of these resistors is to lower
the Q in the coils of the transformers and
enable them to be individually peaked.

Jonnect Signal Generator AN/URM-25
at converter IF. INPUT receptacle J1;
use a suitable coaxial cable. Theif.input
cable assembly provided with the con-
verter is suitable, or a test cable may be
made by following the instructions out-
lined in paragraph 45 (fig. 45). Adjust
the signal generator to deliver an unmod-
ulated 100-ke output at a level of about
10,000 uv.

c. Mixer V1 Alinement.
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(1)

(2)

(3)

(4)

(6)

(1)

Connect the rf probe of Electronic Multi-
meter ME-6A /U to the plate (pin 5) of
V3.

Use the special alinement tool to adjust
the top (coupling) slug of T1 so that it
projects approximately half its length
from the top of the transformer.

Turn on the converter, and allow a 15-
minute warming period.

Adjust the bottom (primary tuning) slug
of T1 for a peak reading on the multi-
meter.

Remove the resistor from the secondary
terminals of T1 and reconnect it between
terminals 1 and 2, which are the primary
terminals of the transformer.

Use a nonmetallic alinement tool to ad-
just C23 (fig. 31) for a peak reading on
the multimeter.

To check the frequency response charac-
teristics of the output circuit of mixer V1,
remove the resistor from the terminals of
transformer T1. Vary the signal gene-
rator between 80 and 120 ke, while simul-
taneously observing the electronic multi-
meter. There should be a response peak
at approximately 92 ke, a minimum at
100 ke, and a second peak at 107 ke (fig.
55).

(8) If the peaks are less than 15 ke apart, in-
sufficient coupling at T1 is indicated and
the top slug of the transformer should be
run in (turned clockwise) until the peaks
on either side of the center if. are sep-
arated by about 15 ke. This should be
determined experimentally. The correct
response curve for this transformer is
shown in A, figure 55.

(9) If the peaks are separated by more than
15 ke, T1 is overcoupled, and the top slug
of the transformer should be run up
(turned counterclockwise) until the
peaks are separated by about 15 ke. This
is also an experimental operation.

(10) Ifitisnecessary toreadjust the coupling
of T1, repeat the procedures in (1)
through (9) above.

(11) When the alinement of this stage is com-
pleted, disconnect the signal generator

and the multimeter and remove the resis-
tor from T2.

d. First [f. Amplifier V3 Alinement.

(1) Connect Signal Generator AN/URM-25,
set to deliver a 100-kec unmodulated out-
put at 100,000 uv, at the control grid (pin
1) of V3.

(2) Connect Klectronic Multimeter ME-
6A/U, using its diode probe at the control
grid (pin 1) of V4. Set the multimeter
to measure .3 volt rf.

(3) Adjust alternately the top and then the
bottom slug of T2 for a peak indication on
the multimeter.

(4) Disconnect the signal generator, and the
multimeter.

54. Sideband If. Amplifier Alinement

a. General. The sideband if. amplifying stages
(V4 and V11) have plate loads tuned to the center
of the pass band of their respective sideband fil-
ters. The plate load for each stage is a trans-
former: T3 in the case of the upper sideband if.
amplifier and T6 in the case of the lower sideband
if. amplifier.
is tuned by a trimmer in parallel with the resonat-
ing tank. The alinement of the sideband if. am-
plifying stages consists of peaking the primary

The primary of each transformer



of each transformer at the center frequency of the
associated filter, namely, 104 ke and 96 ke.

Note. The alinement method to be described actually
incorporates the needs both of tuning the sideband if.
amplifier stages to the correct frequency and of modify-
ing this tuning to offer slight compensation in the overall
audio response characteristic of the equipment. It is es-
sential, therefore, that the audio stages be known to
have the desired response characteristic prior to making
any attempt to adjust the sideband if. amplifier stages.
For this test, it is necessary that the local c¢rystal oscilla-
tor be delivering approximately 4 volts to the grid (pin 7)
of each of demodulator tubes V6A and V13A. Each audio
channel may be checked out by inserting at terminal 3 of
T4 a 100,000-uv signal varying in frequency from 100 ke
to 106 ke. With the LOWPASS FILTER in the OUT
position and the CARRIER SELECT switch in LC posi-
tion, the SB SELECT switch is placed in A-LSB, B-USB
position and the audio level measured across the resistor-
loaded output terminals of channel A. The response
should be maximum at 101 k¢, dropping smoothly .5 db at
103 ke, 1 db at 104 ke, and 3 db at 106 ke. The SB SELECT
switch is then placed in the USB-A, LLSB-B position and
the check repeated for the alternate channel by measur-
ing the response across the resistance load terminating
channel B. Should the response deviate significantly from
that outlined, the troubleshooting data (par. 41) should
be used.

b. Vi Alinement.

(1) Set the front panel controls as instructed
In paragraph 51.

(2) Connect Signal Generator AN/URM-25
at terminal 3 of T2 (figs. 31 and 10). Set
the generator to deliver 100,000 uv at 104
ke, unmodulated.

(3) Connect Electronic Multimeter ME-6A /
U from terminal 3 of TB1 to ground,
using the diode probe.

(4) Set the SB SELECT switch to the A-
LLSB, B-USB position.

(5) Adjust ('33 for maximum reading on the
multimeter.

(6) Vary the frequency of the generator from
100.125 ke to 106 ke and observe the varia-
tion in level indicated by the multimeter.

(7) If the overall response varies more than
*1 db over the frequency range, read-
just C33 to achieve this required audio re-
sponse. Should the desired response be
unobtainable by a simple readjustment of
the tuning of (33, troubleshooting in the
stage should be undertaken.

(8) When the desired response of the con-
verter upper sideband if. amplifier is ob-
tained, transfer the multimeter to termi-

nal 4 of TB1 and aline the lower sideband
i1f. amplifier.
c. V11 Alinement.

(1) Set the SB SELECT switch to the LLSB-
B, USB-A position.

(2) Retune the signal generator to 96 kc and
continue to feed 100,000 uv, unmodulated,
across terminal 3 of T2.

(3) Adjust C61 for maximum reading on the
multimeter.

(4) Vary the frequency of the generator from
94 ke to 99.875 ke and observe the varia-
tion in level indicated by the multimeter.

(5) Readjust C61 for an overall audio re-
sponse that is flat within 21 db over the
frequency range of (4) above. Failure
to achieve the desired response by ad-
justment of C61 may indicate the need
for troubleshooting in this stage.

(6) When the desired response is obtained,
remove the signal generator and mul-
timeter.

55. FL6 and FL7 (100-kc Trap) Adjustment

a. General. A high Qresonant trap is provided
across each audio volume control and is introduced
into the circuit when the LOWPASS FILTER
switch is placed in the OUT position. These traps
are tuned to 100 ke to bypass any if. energy rid-
ing the desired audio signal.

b. Adjustment.

(1) Set the CARRIER SELECT switch in
the I.C position.

(2) Place the A-VC control in the maximum
clockwise position.

(3) Connect Multimeter ME-6A/U on grid
pin 7 of V7B, using the diode probe.

(4) Adjust the trimmer capacitor of F1.6 for
minimum reading on the multimeter.

(5) Place the B-VC control in the maximum
clockwise position.

(6) Transfer the multimeter to grid pin 7
of V14B.

(7) Adjust the trimmer capacitor of FL7 for
minimum reading on the multimeter.

(8) The 100-ke traps are now adjusted for
maximum absorption of if. energy.

56. Carrier Amplifying Alinement

a. General. The alinement of first carrier am-
plifier V17 and second carrier amplifier V18 con-
sists of peaking their output transformers at 100
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ke so that the 100-ke signal delivered to the ampli-
fiers from carrier filter FL5 will be amplified as
much as possible. The amount of amplification
used in operation is controlled by the setting of
CARRIER COMPENSATOR control R112.

b. Tubes V17 and V18 Alinement.

(1) Set the converter controls as directed in
paragraph 51.

(2) Set CARRIER METER ADJUST con-
trol R190 (fig. 42) at its midposition.

(3) Connect Signal Generator AN/URM-25
at the control grid (pin 1) of V18. Set
the signal generator to deliver an unmod-
ulated output of 100 ke. Adjust the out-
put level so that CARRIER LEVEL me-
ter M2 reads at about quarter scale.

(4) Alternately adjust the bottom and then
the top slugs of T10 to obtain a peak
reading on M2. Use the special aline-
ment tool to make this adjustment.

(5) If, during the course of tuning, M2 reads
over half scale, readjust the output level
of the signal generator to return the read-
ing to about quarter scale. This opera-
tion prevents the amplifier from being
overdriven, which would result in a
spurious indication at M2.

(6) Disconnect the signal generator from
V18 and reconnect it at the control grid
(pin 1) of V17.

(7) Readjust the output level of the gen-
erator so that M2 again reads at about
quarter scale.

(8) Adjust alternately the top and then the
bottom slugs of T9 for a peak reading
on the CARRIER LEVEL meter.

(9) If, during the course of this adjustment,
M2 reads over midscale, readjust the out-
put level of the signal generator to return
the reading to quarter scale.

(10) Disconnect the signal generator from

V17

57. Limiter Strip Alinement

a. Gfeneral. The limiter strip consists of three
transformer-coupled stages V19, V20, and V21.
alinement of the strip consists of tuning the trans-
formers, either through variable inductors in the
transformers or through the use of a trimming
capacitor across the transformer inductance, to
resonance at 100 ke. This is the converted carrier
frequency.

78

b. Preperatory Procedure. Use the diode probe
to connect Electronic Multimeter ME-6A /U at
the high-potential end of R133. This resistor is
mounted on terminal board TB22 (fig. 32). De-
termine the correct end of the resistor for the con-
nection of the multimeter by referring to the re-
sistor and capacitor board voltage and resistance
data chart (fig. 65). Set up the converter con-
trols as directed in paragraph 51.

c. V21 Alinement.

(1) Connect Signal Generator AN/URM-25
at terminal 3 of T12 (fig. 31). Set the
generator to deliver 100 ke unmodulated
at an amplitude that will give a satis-
factory reading on the lowest rf scale of
the multimeter.

(2) Adjust C114 for a peak indication on the
multimeter.

Caution: During the alinement of the
limiter strip, be careful not to saturate
the limiters with the signal introduced
from the signal generator. Saturation
results in a wide peak being obtained, and
thus reduces the capabilities of the lim-
iters as amplifiers. During this and all
subsequent tuning adjustments a very
narrow peak is desirable. Thus, when a
maximum indication on the multimeter is
apparent throughout a wide adjustment
of a component, reduce the strength of the
signal introduced from the signal gen-
erator until a very sharp peak may be ob-
tained by tuning the component being
alined.

(3) Disconnect the signal generator from
T12.

d. V20 Alinement.

(1) Connect Signal Generator AN/URM-25
at terminal 3 of T11. Set the generator
to deliver an unmodulated 100-ke output.

(2) Observing the precautions outlined in
the note in ¢(2) above, alternately ad-
just the bottom and then the top slugs of
T12 to obtain a sharply peaked reading
on the electronic multimeter.

(3) Disconnect the signal generator from
T11.

e. V19 Alinement.

(1) Connect Signal Generator AN/URM-25
at terminal 3 of T10. Set the generator
to deliver an unmodulated 100-ke output.



(2) Observe the precautions outlined in ¢(2)
above and alternately adjust the bottom
and then the top slug of T11 to obtain a
sharply peaked reading on the electronic
multimeter.

(3) Disconnect both the signal generator and
the electronic multimeter.

58. CARRIER LEVEL Meter Calibration for
Sideband Level Correlation.

a. General. CARRIER LEVEL meter M2 is
provided on the control panel of the equipment to
indicate efficient input level to the carrier limiter
strip. The level of this input signal may be
varied by means of CARRIER COMPENSA-
TOR control R112. Calibration of the CAR-
RIER LLEVEL meter consists of adjusting the
meter to read midscale with an ideal signal ex-
isting at the output of each sideband 1if. strip.

Note. This calibration should not be undertaken prior

to heterodyne oscillator tuning described in paragraph
60.

b. M2 Calibration.

(1) Apply a 1,000-uv signal at a frequency
of 455 ke (which represents the carrier
signal) and a 10,000-pv signal at 2,500
cycles higher (which represents the up-
per sideband signal) to the input of the
converter.

(2) Set the SB AGC control at 7.5 and the
CARRIER COMPENSATOR control
at 6.5.

(3) Adjust the INPUT GAIN control until
the output of FI.1 (terminal 3 of T4)
reads .1 volt on the electronic multimeter.

(4) Change the sideband frequency to 2,500
cycles lower than the carrier signal and
measure the signal level at terminal 3
of T7. This level should be within 3 db
of that measured in ¢ below. If a differ-
ence of more than 3 db exists between the
two levels, troubleshooting in the mixer
and if. stages should be undertaken as
outlined in paragraph 41. Should either
level exceed .1 volt, readjust the INPUT
GAIN control to obtain the desired level.

(5) Make sure the carrier signal is in the car-
rier channel (locked in on afc). Ad-
just the CARRIER METER ADJUST
control for midscale reading (10) on the

CARRIER LEVEL meter.

59. Alternate Method of CARRIER LEVEL Me-
ter Adjustment

a. Connect Signal Generator AN/URM-25 at
IF. INPUT receptacle J1. Set the generator to
deliver an unmodulated 100-ke output.

b. Connect Electronic Multimeter ME-6A /U to
measure de voltages at the arm of R189.

c. Adjust the output level of the signal gene-
rator until the multimeter shows a reading of 65
volts de.

d. Adjust CARRIER METER ADJUST con-
trol R190 for a half-scale reading on M2.

e. Disconnect the multimeter and the signal
generator.

60. Heterodyne Oscillator Tuning

a. Gleneral. Heterodyne oscillator V2 has four
elements in its tank circuit capable of varying the
output frequency of the osciilator. Two of these
elements, capacitors C10 and C13, are connected,
respectively, to the VERNIER and DRIFT IN-
DICATOR controls on the equipment front panel.
Each of these controls is capable of varying the
oscillator output frequency =2 ke from a center
frequency, which is selected by the adjustment of
the third variable element on the oscillator tank
circuit, inductance I.1. Inductance L1 determines
the center frequency of the oscillator and is capable
of varying the oscillator center frequency between
550 and 610 ke. This range makes it possible for
the converter to be used with different receivers
that have an if. output falling within the range
of 450 through 510 ke. The alinement of the
oscillator consists of setting its center frequency
so that it will produce the output necessary to
convert the if. delivered to the converter from the
receiver to the 100-ke if. oi the converter. The
fourth variable element in the tank circuit,
RANGE COMPENSATOR (8, is then adjusted
to produce an LC ratio necessary to validate the
front panel calibration markings of VERNIER
control C10 and DRIFT INDICATOR C13.

b. Oscillator Center Frequency Setting.

(1) Set the converter front panel controls as
instructed in paragraph 51.

(2) Connect Signal Generator AN/URM-25
at IF. INPUT jack J1 (fig. 42).

(3) Set the signal generator to deliver (un-
modulated) the if. of the receiver with
which the converter is intended to be used.
For Radio Receiver R-390 URR, this
frequency is 455 ke.
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(4) Set the amplitude of the signal to be de-
livered from the signal generator at
10,000 uv.

(5) Use the alinement tool to adjust tuning

slug 1.1 to obtain a peak reading of CAR-
RIER LEVEL meter M2.

Note. When tightening the locking nut on
the coil slug of L1, be sure not to turn the
slug and thus detune the stage. Should
the coil detune slightly in tightening the
locking nut, it is practical to retune by a
minor readjustment of the RANGE COM-
PENSATOR capacitor. However, this ad-
justment should not be considered the nor-
mal tuning of the heterodyne oscillator tank
and should be used only as a final adjust-
ment to the tuning, after the setting of the
RANGE COMPENSATOR has been deter-
mined as outlined in ¢ below.

c. RANGE COMPENSATOR 08 Adjustment
(fig. 31).

(1) Connect Frequency Meter FR-67/U at
the end of R108 not connected to R109
(TBS, fig. 65).

(2) Adjust the converter VERNTIER control
from the —2 KC to the +2 KC position.
The frequency meter should indicate a
change from 98 ke (in the —2 KC posi-
tion) to 102 ke (in the +2 KC position).

(3) If the adjustment of the VERNIER
control produces a change of less than 4
ke, decrease the capacitance of RANGE
COMPENSATOR control C8 by turning
the screwdriver adjustment in a clockwise
direction. Approximate settings for
various if. input frequencies are given in
figure 51.

(4) If the VERNIER control produces a
change of more than 4 ke, increase the
capacitance of C8 by turning the adjust-
ment in a counterclockwise direction.

(5) After readjusting (8, restore the VER-
NIER control to 0 ke position and repeat
the procedures given in b above. After
readjusting L1, recheck the calibration of
the VERNIER control and, if necessary,
readjust both the RANGE COMPEN-
SATOR control and 1.1 a second time.

(6) After completing the adjustment of C8,
disconnect the signal generator and the
frequency meter.
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RANGE COMPENSATOR SETTING
o

(o]
455KC

465KC 475KC 485KC 495KC 505KC 5I0KC

INPUT IF FREQUENCY TM266-73

Figure 51. Range compensator control setting versus if.
input frequency.

61. Heterodyne Oscillator Adjustment for
Centering If. of Associated Radio Re-
ceiver R—390/URR

Although Radio Receiver R-390/URR has a
455-ke if., the exact value of the center of the pass
band from a particular receiver, when set in the
16 ke position, may be as much as 1,000 cycles re-
moved from this value. To insure proper center-
ing of the if. and prevent sideband clipping, the
following method for adjusting the converter
heterodyne oscillator should be followed :

a. Set the converter controls as follows: VER-
NIER and DRIFT INDICATOR controls to the
0 KC position and AFC control to the OFF posi-
tion.

b. Set the receiver BANDWIDTH control at
the 16 KC position, with its FUNCTION switch
at AGC. Set the converter AGC SELECT
switch to REC.

¢. Apply an unmodulated signal (at any con-
venient frequency) to the antenna terminals of the
receiver, and tune it for a maximum reading on
the AGC meter of the receiver.

d. Adjust the output of the signal source until
the meter reads approximately 66.

e. Vary the tuning knob of the receiver in one
direction and then the other, and locate the posi-
tion on each side where the level of the meter
reads 60. Note the receiver dial readings at these
positions.



7. Set the receiver tuning dial to the exact center
of these readings.

¢g. Adjust the tuning slug of the converter hetero-
dyne oscillator coil until the if. signal output of
the receiver falls into the carrier channel, and in-
dicates on the CARRIER LEVEL meter. The
level of the signal that is applied to the carrier
channel should be adjusted so that it is approxi-
mately half scale on the meter when this adjust-
ment is made.

h. The converter is now properly adjusted for
use with its particular receiver.

62. Local Carrier Oscillator Tuning

Aline local carrier oscillator V35 by comparing
its output frequency against a primary standard;
then adjust a trimmer capacitor (C148) in the tank
circuit to establish the oscilator frequency at ex-
actly 100 ke. To aline the stage, proceed as fol-
lows:

a. Set CARRIER SELECT switch S6 in the
RC position. All other converter controls should
be set as instructed in paragraph 51.

b. Connect Frequency Meter FR-67/U across
resistor R133 (figs. 32 and 65).

c. Adjust C148 for an oscillator frequency of
100 ke, as indicated on the frequency meter. Use
a nonmetallic alinement tool to make this adjust-
ment.

d. Disconnect the frequency meter.

63. Afc Input Circuit Alinement

a. General. Two signals are delivered to the
converter afc circuit. Both are tripled in fre-
quency to enable the afc circuit to correct more
rapidly for frequency drifts. The alinement of
the afc input circuit consists of resonating T14,
through which the reconditioned carrier frequency
is delivered, and T16, which couples the output of
the local carrier oscillator, at 300 ke, which is triple
the frequency fed to them.

b. Tuning T14. Transformer T14 forms the
tuned plate load of V22. To tune this transformer
proceed as follows:

(1) Connect Signal Generator AN/URM-25
at the control grid (pin 1) of V22. Ad-
just the signal generator to deliver an un-
modulated 300-ke output of 100,000 uv.

(2) Connect FElectronic Multimeter ME-
6A/U at the junction of R140 and R141
(fig. 35).

(3) Remove the shield from the oscillator sec-
tion, and remove HR1 (fig. 31) from its
socket.

(4) Use the alinement tool to adjust both tun-
ing slugs of T14 for a peak reading on
the meter.

(5) Disconnect the signal generator from V22.

¢. Tuning T16. Transformer T16 forms the
plate load of tripler V35B. To tune this trans-
former, proceed as follows:

(1) Remove afc gate tube V22.

(2) Connect Signal Generator AN/URM-25
at the control grid (pin 9) of V35B. Ad-
just the signal generator to deliver an un-
modulated 300-ke output at 2 volts.

(3) Use the alinement tool to adjust both
slugs of T16 for a peak reading on the
meter, which remains connected as it was
in b above.

(4) Disconnect the signal generator and the
multimeter. Replace V22 and HR1, and
reinstall the shielding on the local carrier
oscillator section.

64. Squelch Circuit Adjustments

a. General. 'The squelch circuit in the converter
disables the afc circuit when the signal-to-noise
voltage ratio falls below a level of 3 db. The ad-
justments in the circuit consists of three biasing
controls, which fix the proper thresholds for the
operation of the various electron tubes in the
circuit.

b. SQUELCH THRESHOLD Adjustment.
The setting of SQUELCH THRESHOLD con-
trol R203 (fig. 31) establishes the bias on the con-
trol grid of afe gate tube V22, when SQUELCH
switch S9 is in the ON position, and the squelch
circuit is inoperative. For a satisfactory carrier
signal input to the converter, the bias should be
the same at the grid of V22 whether the
SQUELCH switch is in the ON or OFF position.
To establish this condition, proceed as follows:

(1) Connect Signal Generator AN/URM-25
at the converter IF. INPUT jack J1 (fig.
42). Adjust the generator to deliver a
455-ke unmodulated input to the con-
verter. Exact tuning of the generator is
accomplished by obtaining a peak reading
on the converter CARRIER LEVEL
meter. After obtaining a peak, set the
output level of the generator to produce
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a midscale reading on the CARRIER
LEVEL meter.

(2) Set the front panel controls as instructed
in paragraph 51.

(3) Place NOISE SQUELCH control R194
and CARRIER FADE SQUELCH con-
trol R189 in their maximum clockwise
position.

(4) Connect Electronic Multimeter ME-6A /
U, and adjust it to read negative dec volt-
ages at the control grid (pin 1) of afe
gate tube V22.

(5) With the SQUELCH switch in the OFF
position, note the reading on the multi-
meter.

(6) Turn the SQUELCH switch to the ON
position.

(7) Adjust SQUELCH THRESHOLD con-
trol R203 to obtain the same reading as
that in (5) above.

(8) Disconnect the multimeter.

c. CARRIER FADE SQUELCH Adjustment.
The cathode circuit of carrier rectifier V32A is so
designed that, in the absence of noise, the carrier
may fade 26 db from a midscale reading of the
CARRIER LEVEIL meter, before squelch is ap-
plied. This is true when CARRIER FADE
SQUELCH control R189 is turned fully clock-
wise, which is the normal position for this control.
When readjusting the squelch circuit so that it
will react to carrier fades of less than 26 db, follow
the procedure below :

(1) Turn the SQUELCH switch to the ON
position. Allow all other controls to re-
main set as instructed in paragraph 51.

(2) With the signal generator connected as
in b(1) above, adjust its output level to
give a midscale reading on the CAR-
RIER LEVEL meter.

(3) Note the output level of the signal that
is delivered from the signal generator by
observing the output level measuring de-
vice on the generator.

(4) Reduce the signal generator output level
the required number of db from this ref-
erence point.

(5) Adjust CARRIER FADE SQUELCH
control R189 until the SQUELCH
ALARM lamp on the equipment front
panel lights. Stop adjustment of R189
at the exact point where the alarm lamp
lights.
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d. NOISE SQUELCH Adjustment. To pre-
vent the afc circuit from being falsely actuated
by random noise introduced to the converter car-
rier section, the signal-to-noise voltage ratio must
be maintained above a minimum of 8 db. The bias
is adjusted on noise rectifier V32B so that squelch
voltage will be applied whenever the signal-to-
noise ratio drops below this desired level. Make
this adjustment as follows:

(1) Turn the SQUELCH switch to the ON
position. All other front panel controls
should remain set as intructed in para-
graph 51.

(2) Connect the signal generator as in-
structed in 6(1) above. Adjust the out-
put level of the generator to produce a
midscale reading on the CARRIER
LEVEL meter.

(3) To simulate a noise signal, modulate the
output of the signal generator 70 per-
cent with 5 cps.

(4) Adjust NOISE SQUELCH control
R194 to the point where noise peaks just
begin to operate the squelch circuit, as
indicated by the SQUELCH ALARM
lamp on the front panel.

65. VU METER Calibration

VU METER M1, on the equipment control
panel, gives the converter operator an indication
of the audio-output level that is being delivered
from converter channels A and B to the associated
carrier terminal equipment. The meter is cali-
brated to the standard volume unit transmission
system, based on a reference level of 1 milliwatt
(mw) in 600 ohms. To calibrate the meter, pro-
ceed as follows:

a. Set the VU SELECT switch to the A posi-
tion. Set the other front panel controls as in-
structed in paragraph 51.

b. Connect a 300-ohm composition resistor be-
tween terminals 1 and 2 of TB1. Connect a sec-
ond 300-ohm composition resistor between termi-
nals 2 and 3 of TB1. This hookup simulates a
balanced 600-ohm load.

¢. Connect Electronic Multimeter ME-6A /U,
set to read 1 volt or more, across either resistor.

d. Connect Audio Oscillator TS-382A /U at the
control grid (pin 7) of V8B. Adjust the gen-
erator to deliver an output of 1.23 volts (as indi-
cated on the multimeter) at 1,000 cps.




e. Set VU METER ADJUST control R51 to
obtain a reading of 100 on VU METER M1.

f. Disconnect the multimeter and the signal
generator.

66. Demodulator Bias Adjustment

a. (General. Intermodulation between the va-
rious frequencies that are present in the demodu-
lator stages of the converter must be held at a
minimum to insure proper operation of the car-
rier terminal equipment with which the converter
is used. Distortion, resulting in spurious audio
frequencies being delivered to the terminal equip-
ment, will cause it (and thus the teletypewriters
fed from the terminal equipment) to react falsely.
This condition will cause the intermittent loss of
some characters in messages or intermodulation
distortion occurring in the converter may prevent
the reception of any intelligence. A large number
of complex adjustments to reduce distortion in the
converter audio output need not be made, because
of the design of the demodulator circuits in the
converter. Merely adjust the bias on the final
(output) amplifier in the demodulator cascade of
channel A and channel B. However, this adjust-
ment is very critical. It should not be adjusted
experimentally to straighten out garbled copy dur-
ing operation of the equipment. Do not try to
adjust the CHAN. A BIAS ADJUST and CHAN.
B BIAS ADJUST controls unless the test equip-
ment used is known to be in the best condition.

b. Alternate Methods for Adjusting Demodula-
tor Bias. Two methods are given in this para-
graph for adjusting the bias on the demodulators.
The second method (& below) is closest to the
actual conditions under which the equipment
operates. At the same time, it provides the neces-
sary standards to make proper adjustment pos-
sible. This method should be used whenever the
proper test equipment is available. The first
method, which can be performed more rapidly,
requires only one signal generator, and for most
practical purposes is satisfactory.

c. First Alternate Method for Adjusting De-
modulator Bias. This method for making the
demodulator bias adjustment, though satisfactory
in most cases, should not be used if the test equip-
ment and time, necessary for performing the pro-
cedure described in d below are available. To
obtain satisfactory results from the use of this
method, a signal generator with linear modula-

SIGNAL
GENERATOR
AN/URM-25

GENERATOR NO, |
OUTPUT
GND

SINGLE SIDEBAND
CONVERTER
SIGNAL CV-157/UUR
GENERATOR

AN/URM-25

Jl

IF
%?/ INPUT

NOTE: RE—SISTANCE VALUES ARE IN OHMS,
T™ 266 -63

GENERATOR NO,2
OUTPUT
GND

Pigure 52. Converter input hookup for demodulator
bias adjustment.

tion characteristics, and a very low hum content
must be available.

(1) Set SB SELECT switch to A-LSB, B-
USB, the CARRIER SELECT switch to
RC, the A-VC and B-VC controls max-
imum clockwise, and the CARRIER
COMPENSATOR to O. Set all other
controls as instructed in paragraph 51.

(2) Set CHAN. A BIAS ADJUST and
CHAN. B BIAS ADJUST controls, R41
and R86, respectively, midway between
their extremes.

(3) Terminate channel A with a simulated
600-ohm balanced load by connecting one
300-ohm composition resistor between
terminals 1 and 2 of TBI1, and another
between terminals 2 and 3 (fig. 45).

(4) Connect Signal Generator AN/U RM-25
at the converter 1F. INPUT receptacle
J1. Adjust the signal generator to de-
liver a 453-ke output, modulated 30 per-
cent with a 1,000-cps audio signal.

(5) With the diode probe, connect Electronic
Multimeter ME-6A /U at terminal 3 of
T4 (fig. 11 and 38).

(6) Adjust the output level of the signal gen-
erator to produce a reading of .9 volt rf
on the meter.

(7) Disconnect the meter from T4, and recon-
nect it between terminals 1 and 3 of TBI.
Adjust the meter to read on the lowest
available ac scale.

(8) Set CHAN. A BIAS ADJUST control
R41 to obtain a minimum reading on the
multimeter. A reading that approaches
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zero will be obtained if the output of the
signal generator is free of hum.

Caution: The reading should be ob-
tained somewhere between the extremes
of R41. Do not set the control to the
extreme that yields the lowest apparent
output at TBI1.

(9) Reset the signal generator to deliver a
457-ke output, modulated 30 percent with
a 1-ke audio signal.

(10) Disconnect the multimeter and the ter-
mination resistors from the channel A
output terminals.

(11) Reconnect one resistor between termi-
nals4 and 5 of TB1. Reconnect the other
resistor between terminals 5 and 6 of
TB1.

(12) With the diode probe, connect the mul-
timeter at terminal 3 of T7 (figs. 11 and
38).

(13) Adjust the output level of the signal
generator to produce a reading of .9-volt
rf on the meter.

(14) Reconnect the multimeter across termi-
nals 4 and 6 of TBI1.

(15) Observe the precaution outlined under
(8) above, and set CHAN. B BIAS AD-
JUST control R86 to obtain a minimum
reading on the multimeter.

(16) Disconnect the termination resistors,
the multimeter, and the signal generator.

d. Second Alternate Method for Adjusting De-
modulator Bias. 'This method is superior to that
described in ¢ above and whenever possible it
should be used in preference to the first method.
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(1) Connect the two signal generators (fig.
52).

(2) Connect Electronic Multimeter ME-6A /
17 at terminal 3 of T4 (fig. 38).

(3) Connect a 300-ohm composition resistor
between terminals 1 and 2 of TB1. Con-
nect a second 300-ohm composition re-
sistor between terminals 2 and 3.

(4) Connect Sound Analyzer TS-615/U
across one of the terminating resistors.

(5) Set the SB SELECT switch in the A-
ILSB, B-USB position. Set the other
front panel controls as directed in para-
graph 51.

(6) Set bias adjust controls R41 and R86 mid-
way between their extremes.

(7) Adjust signal generators Nos. 1 and 2 to
deliver an output frequency of 453.2 ke
and 452.7 ke, respectively.

(8) Connect a multimeter to terminal 3 of
T4.

(9) Reduce the output amplitude of the sig-
nal delivered from signal generator No.
2 to 0 volt.

(10) Adjust the output of signal generator
No. 1 to produce a reading of .5 volt on
the multimeter. Note the setting on the
calibrated dial of the signal generator
output attenuator.

(11) Tune the sound analyzer to 1,800 cps.

(12) Adjust the signal generator for a maxi-
mum indication on the sound analyzer.

(13) Decrease the output amplitude of signal
generator No. 1 to 0 volt.

(14) Adjust the output amplitude of signal
generator No. 2 for a reading of .5 volt
on the multimeter.

(15) Tune the sound analyzer to 2,300 cps.

(16) Adjust signal generator No. 2 for a max-
imum indication on the sound analyzer.

(17) Re-establish the output amplitude of
signal generator No. 1 by running the at-
tenuator control up to the setting noted in
(10) above.

(18) Adjust the A-VC control for a reading
of 100 on the highest scale of the VU
METER.

(19) Tune the sound analyzer to 500 cps.

(20) Adjust CHAN. A BIAS ADJUST
potentiometer R41 for a minimum read-
ing on the wave analyzer.

Caution: The minimum reading on the
sound analyzer should be obtained be-
tween the extremes of R41. Do not set
the control to the extreme that yields the
lowest apparent reading on the sound
analyzer.

(21) Disconnect the sound analyzer, mul-
timeter, and resistors.

(22) Reconnect one resistor between termi-
nals 4 and 5 and the other between termi-
nals 5 and 6 of TB1.

(23) Connect the sound analyzer across one
of the terminating resistors.

(24) Reconnect the multimeter to terminal 3
of TBT.

(25 Reset signal generators No. 1 and 2



to deliver an output frequency of 456.8
ke and 457.3 ke, respectively.

(26) Repeat the steps outlined in (9) through
(17) above.

(27) Adjust the B-VC control for a reading
of 100 on the highest scale of the VU
METER.

(28) Tune the sound analyzer to 500 cps.

(29) Observe the precaution under (20)
above and adjust CHAN. B BIAS AD-
JUST control R86 for a minimum read-
ing on the sound analyzer.

(30) Disconnect the test equipment and the
termination resistors.

67. Agc Circuit Adjustment

a. General. There are three controls which
must be adjusted for proper operation of the age
converter circuit. These are C94, AGC
THRESHOLD control, and AGC OUTPUT con-
trol. Capacitor (94 fixes the relationship between
carrier level and sideband level, which are ap-
plied to the age circuit in the converter. Thus,
with a given amount of carrier reduction, side-
band and carrier can have equal effects on the age
output voltage of the converter. This permits
control of the receiver age circuit by either the
carrier or a sideband. Such flexibility allows the
most critical component of the incoming signal to
be held to a nearly constant amplitude at the input
to the converter. Either the carrier or a side-
band may be selected to control the age, without
seriously disturbing the average operating ampli-
tude of the other signal. Converter AGC OUT-
PUT control R228 and AGC THRESHOLD con-
trol R231 adjust the agc output voltage with
respect to if. input voltage characteristic curve
of the converter. The age characteristics of the
converter must be made to operate with those of
the receiver if the input to the converter is to be
held nearly constant.

b. Simulating a Single-sideband Signal. Any
sideband signal may be defined by separating its
frequency components and describing the abso-
lute, as well as the relative, amplitudes. The
alinement procedure (¢ below) equalizes the age
voltages developed by a sideband signal and a
carrier signal within the converter. A single-
sideband signal can be simulated by controlling
the relative frequency and amplitude of a signal
generator, thus generating the individual com-
ponents of the composite signal. The converter

differentiates between sideband and carrier sig-
nals with filter networks. The alinement pro-
cedure (e below) equalizes the age voltage that is
developed by the converter and the receiver. A
receiver develops age voltage on the basis of a
rectified signal. The receiver will rectify all fre-
quency components within its pass band. The
amplitude of the age voltage developed by the
receiver will then be the sum of the amplitudes
of the individual frequency components present.
The converter develops age voltage on the basis
of individual components of a composite sideband
signal. The amplitude of the signal generator
must be controlled to emphasize the sideband sig-
nal, when the receiver age voltage 1s referenced.
This is necessary to simulate the amplitude of the
composite signal within the receiver.

¢. 09} Adjustment. The purpose of C94 ad-
justment is the equalization of sideband and car-
rier age voltages.

(1) Set SB AGC control to 7.5; set the AGC
SELECT switch to the USB position;
set the CARRIER COMPENSATOR to
6.5 (fig. 53). Set the other front panel
controls as instructed in paragraph 51.

(2) Connect the signal generator to IF. IN-
PUT jack J1. Set INPUT GAIN con-
trol R2 at maximum. Adjust the signal
generator to 455 ke, and set its output to
1,000 uv. This represents a carrier sig:
nal, which is suppressed 20 db.

(3) Tune in the signal with the converter
VERNIER control.  Adjusting the
VERNIER control about the zero mark
will produce a maximum on the CAR-
RIER LEVEL meter. Adjust the CAR-
RIER COMPENSATOR control for a
midscale reading on the CARRIER
LEVEL meter.

(4) Readjust the signal generator to 458 ke,
and set its output to 10,000 uv. This rep-
resents a sideband signal.

(5) With the electronic multimeter adjusted
to measure negative dc voltage, measure
the age voltage output of the converter
at terminal 7 of TB2.

(6) Restore the carrier signal to the converter
input by adjusting the signal generator
to 1,000 uv at 455 ke. Set the AGC Sk-
LECT switch to the CAR position.

(7) Adjust C94 for the same dc (age) volt-
age as that measured in (5) above. Ca-
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pacitor C94 is adjusted through an ac-
cess hole on the rear chassis apron.

(8) Compensate for any detuning of T10 by
adjusting the bottom (primary tuning)
slug for a maximum on the CARRIER
LEVEL meter.

45

40 |

35

30 T

. /
o /

EFFECTIVE COMPENSATION (DB)

15
10 +
5
0o ‘_/
+ t 4 } SN R—
0 | 2 3 4 5 6 7 8 9 10
CARRIER COMPENSATOR SETTING
TM266-74
Figure 53. Effective compensation versus carrier com-

pensator control setting.

d. INPUT GAIN Adjustment. Proper adjust-
ment of the INPUT GAIN control is necessary
to provide the converter circuits with the levels
required for optimum performance, including cor-
rect age characteristics and minimum distortion
in the output signal. The input level require-
ments of the converter are met through the ad-
justment of INPUT GAIN control R2. Once this
level is established, it is maintained virtually con-
stant by the converter age circuits. Set the IN-
PUT GAIN control as follows:

(1) Connect Signal Generator AN/URM-25,
matched to the input impedance of the
converter, at IF. INPUT jack J1 (fig. 42).
Adjust the generator to deliver a 455-ke
unmodulated signal of 5,000 uv to the
converter.

(2) Center the operation of the converter,
feeding this input signal through the car-
rier channel, and lock the converter to the
signal with the afc action.

(3) Set the CARRIER COMPENSATOR
at 6.5.
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(4) Adjust the INPUT GAIN control for a
reading of 10 on the CARRIER LEVEL
meter. This setting should not be
changed during subsequent adjustment of
the age circuits.

e. AGC OUTPUT and AGC THRESHOLD
Adjustments. The purpose of these adjustments
is to match receiver and converter age charac-
teristics.

(1) Connect Radio Receiver R-390/URR to
converter (fig. 54). After suflicient
warming time, calibrate the receiver, and
tune it to 4,000 ke. Set the BFO switch
to OFF, the AGC switch to FAST, the
FUNCTION switch to AGC, the BAND-
WIDTH switch to 8 ke, and the RF
GAIN at maximum. The setting of the
remainder of the receiver controls does
not affect this adjustment.

(2) Set the converter AGC SELECT switch
to REC. Set the other converter con-
trols asin ¢ above.

(3) Connect Signal Generator AN/URM-25,
modified to represent a 125-ohm source,
between one terminal of J108 of the re-
ceiver and ground. A 50-ohm signal
generator may be provided with a 75-ohm
building-out resistor to give a 125-ohm
source impedance (fig. 54).

(4) Connect the electronic multimeter (ad-
justed to measure negative dc voltage)
to terminal 7 of TB2 on the converter.
With the signal generator tuned to a side-
band frequency of 4,003 ke, increase its
output from zero, while observing the re-
ceiver agc voltage that is indicated by the
electronic multimeter. When the meas-
ured voltage increases approximately .25
volt, the receiver age circuit becomes ef-
fective. This age threshold point should
occur with a signal input of only a few
uv, if the receiver sensitivity is normal.
Note the signal generator output voltage
for the receiver age threshold point.

(5) With the AGC SELECT switch in the
REC position, increase the signal genera-
tor output to 550 millivolts (mv). This
simulates the amplitude of the composite
signal in the receiver agc circuit. Note
the voltage measured on the electronic
multimeter. This is the age voltage de-
veloped by the receiver.



(6) Reduce the signal generator output to 500
mv. This simulates the amplitude of the
composite signal in one sideband channel
of the converter. Individual channels
act on the converter sideband age circait
separately. Set the AGC SELECT
switch to the USB position. Adjust
AGC OUTPUT R228 for a voltage read-
ing 1 volt greater than the reading on the
electronic multimeter as measured in (5)
above. Resistor R228 is located on the
rear chassis apron of the converter.

Note. On some units, since differences exist
between acceptable tubes, it may not be possi-
ble to obtain this higher dc¢ level. These units
should be adjusted so that the minimum level
obtained in this step is at least equal to the
receiver age voltage measured in (5) above.

(7) Reduce the signal generator output to
the value noted in (4) above. Set the
converter AGC SELECT switch to the
REC position. Note the voltage meas-
ured on the electronic multimeter. This
age voltage is developed by the receiver
at the threshold point of age action, as a
result of a composite input signal.

(8) Reduce the signal generator output to
90 percent of the value noted in (4)
above. This simulates the amplitude of
the composite signal in one sideband chan-
nel of the converter. The converter side-
band age voltage is a function of the en-
ergy that is filtered into one sideband
channel. Set the converter AGC SE-
LECT switch to the USB position. Ad-
just AGC THRESHOLD control R231
for the same voltage reading on the elec-

RADIO
RECEIVER

SIGNAL R-390/URR
GENERATOR

AN/URM-25 J']‘ge

OUTPUT

: RESISTOR 50 OHM™
75 OHM

Jios
BALANCED
125 OHM

RCVR AGC

tronic multimeter as was measured in (7)
above. Control R231 is on the rear apron
of the converter chassis.

(9) Repeat steps outlined in (5) and (6)
above, and adjust the AGC OUTPUT
control. Repeat steps outlined in (7)
and (8) above, and adjust the AGC
THRESHOLD control.

68. A-VC and B-VC Adjustments

Volume control adjustments are made with the
audio output of the converter feeding terminal
equipment. The input requirements of the ter-
minal equipment must be determined by consult-
ing the manual that covers that particular equip-
ment. Loss or gain in interconnecting pads, long
lines, or amplifiers, must be considered in deter-
mining the output requirements of the converter.

a. With the terminal equipment connected for
normal operation, use a test setup (fig. 54 and par.
67¢). Set the converter SB SELECT switch to
the LSB-B, USB-A position. Set the converter
VU RANGE switch to the value dictated by the
operating conditions, and set the converter CAR-
RIER SELECT switch to the I.C position.

b. Adjust the signal generator output for 1,000
uv at 4,003 ke. Set the AGC SELECT switch
to USB, the SB AGC control to 7.5, the VU SE-
LECT switch to A, and adjust the A-VC control
for a VU METER reading as determined by the
operating conditions.

¢. Adjust the signal generator output for 1,000
uv at 3,997 ke. Set the AGC SELECT switch
to LSB, the VU SELECT switch to B, and adjust
the B-V( control for a VU METER reading as
determined by the operating conditions.

SINGLE SIDEBAND
CONVERTER
CV-157/URR

ELECTRONIC
MULTIMETER

)
o]

CONV AGC

ME-6A/U

= TM 266-67

Figure 54, Hookup for age circuit balance ad justments.
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CHAPTER 6
FINAL TESTING

69. General

This section serves as a guide in determining the
quality of a repaired single-sideband converter.
The minimum test requirements outlined in the
following paragraphs may be performed by main-
tenance personnel with adequate test equipment
and the necessary skills. Repaired equipment
meeting these requirements will furnish uniformly
satisfactory results during operation. The tests
given in paragraphs 70 through 78 should be per-
formed in the order given. Before performing
any of the tests, however, the B+ and B— voltages
should be checked as instructed in paragraph 39.
The test equipment required to complete the con-
verter alinement is listed in the chart in paragraph
37. The manual numbers for this test equipment
are also listed.

70. Frequency Response Tests

a. General. The converter consists of a large
number of amplifying and filter circuits that have
various characteristics of frequency response, de-
pending on the function of the individual circuit.
To determine if critical circuits in the converter
have the response characteristics necessary for the
proper operation of the eonverter, follow the pro-
cedures below and in paragraph 71.

b. Preliminary Procedures.

(1) Connect Signal Generator AN/URM-25
at converter IF. INPUT receptacle J1.

(2) Turn on the converter and the signal gen-
erator and allow them to warm for at
least 15 minutes.

(3) Set the converter VERNIER and
DRIFT INDICATOR controls at 0.
Other front panel controls settings have
no effect on these tests.

(4) Set the signal generator to deliver a
100-ke unmodulated output at 10,000 uv.

(5) Connect Electronic Multimeter ME—
6A/U between the plate (pin 5) of V3 and
ground by using the diode test probe.
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(6) Connect a 4,700-ohm resistor between ter-
minals 1 and 2 of T2.

c. Frequency Response Checks of Input Stages.

(1) Vary the signal generator between 90 and

110 ke. The curve, as indicated by the

readings obtained on the multimeter,

should approximate that shown in A,

figure 55.
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Figure 55. Converter frequency response from INPUT
jack J1 to output of T1 and T2.

(2) Disconnect the multimeter from V3 and
reconnect it at the plate (pin 5) of carrier
if. amplifier V16. Disconnect the resis-
tor from terminals 1 and 2 of T2.

(3) Again, vary the output of the signal gen-
erator between 90 and 110 ke. The read-
ings obtained on the multimeter should
approximate the response curve that is
illustrated in B, figure 55. (This repre-
sents the combined response of T1 and
T2.)

(4) If T1 and T2 fail to meet the response
curves set forth in figure 55, the stages
should be realined (par. 53).

d. Sideband If. Amplifier Frequency Response
Tests.

(1) Connect the multimeter at terminal 1 of

FL1 (figs. 38 and 39).



(2) Vary the signal generator output between
98 and 108 ke. The readings obtained
on the multimeter should approximate
the curve illustrated in A, figure 56.

(3) Disconnect the multimeter and reconnect
it at terminal 1 of FL3 (figs. 38 and 39).

(4) Vary the signal generator output fre-
quency between 92 and 102 ke. The read-
ings obtained on the multimeter should
approximate those illustrated in B, figure
56.
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Figure 56. Converter frequency response from input jack

€.

J1 to output of T3 and T6.

(5) Failure of T3 or T6 to provide the de-
sired response indicates that the stages
should be realined as instructed in para-
graph 54.

Sideband and Carrier Filter Response Tests.

(1) Connect the converter, Signal Generator
AN/URM-25, and Frequency Meter FR-
67/U as shown in figure 57.

(2) Allow the equipment to warm for 15
minutes.

(3) Adjust the signal generator to deliver
the if. output of the receiver with which
the converter is to be used. The output
of the generator should be unmodulated
with an amplitude of 10,000 uv.

(4) Connect the electronic multimeter at ter-
minal 2 of S1 (fig. 32). Use the meter
diode probe.

(5) Tune the converter to the input signal
delivered from the signal generator.

(6) Adjust the CARRIER COMPEN-
SATOR control for a midscale reading on
the CARRIER LLEVEL meter.

(7) Turn AFC switch ST to ON.

(8) With the SB SELECT switch in the
A-LSB, B-USB position, note the read-
ing on the multimeter. Establish this
reading as O db for converter upper side-
band filter FL1.

(9) Turn the SB SELECT switch to the
LSB-B, USB-A position and note the
reading obtained on the multimeter.
Establish this reading as 0 db for con-
verter lower sideband filter FL3.

(10) Turn the AFC switch to OFF.

(11) Increase the output frequency of the
signal generator 2 ke as calibrated by the
frequency meter.

(12) The multimeter should indicate an
increase of at least 13 db over the level
previously obtained for converter lower
sideband filter FL3.

(13) Turn the SB SELECT switch to the
A-LSB and B-USB position.

(14) Decrease the output frequency of the
signal generator 2 ke below its original
reference frequency established in (3)
above.

(15) The multimeter should indicate an in-
crease of at least 13 db over the level
previously obtained for converter upper
sideband filter FL1.

(16) As a further check, the signal genera-
tor may be varied beyond the pass band
of the sideband filters. Characteristic
curves for these filters are shown in fig-
ure 58.

(17) Disconnect the multimeter from S1 and
reconnect it at terminal 3 of T10 (fig. 31).

(18) Reset the signal generator to deliver a
100-ke unmodulated output at 30 uv.

(19) Set the CARRIER COMPENSATOR
control for a reading of .5-volt rf on the
multimeter.

(20) Proceed according to the chart below.
The filter response curve should be at least
as sharp as indicated in the table. At the
highest and the lowest output frequencies
of the signal generator increase the out-
put level 40 db above the original 30 uv.
The output reading on the multimeter
should be at least 70 db below the original
5-volt rf reading. A characteristic re-
sponse curve for carrier filter FL5 1s
shown in figure 59.
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' Level as indica- Level as indicat- SIGNAL FREQUENCY SINGLE
Output freq of 1ti- | Output freq of d 1ti- GENERATOR METER IDEB
sig gen (ko) “nctor by sig gen (ke) ‘meter (db) AN/URM-25 FRo 677U CONVERTER
— CV-157/URR
100. 000 —5 100. 000 —5 INIPF uT
10C. 010 —5.5 99. 994 —5.5
100. 013 —6 99. 992 —6
100. 019 —8 99. 988 —8
100. 021 —10 99. 984 —10 -
100. 024 —15 99. 981 —15 ™ 26664
100. 027 —20 99. 979 —20 Figure 57. Connections for testing converter sideband and
100. 031 —25 99. 975 —25 carrier filters
100. 037 —30 99. 970 —30 ’
100. 041 —35 99. 966 —35
100. 045 —40 99. 961 —40 (21) Failure of any of these filters to meet
100. Ogg ’gg 83 gig ‘gg their performance standards may be at-
igg 870 &5 99. 940 _es tributed to failure of the components in
100. 078 60 99. 933 60 the inqu or output circuits of the filters,
100. 090 —65 99. 922 —65 or to failure of the filters. Because of
100. 100 —68.5 99. 920 —66 the critical and complex nature of these
100. 103 —170 99, 912 —70 filters, they cannot be repaired; replace
100. 129 —75 99. 895 —75 thom y p » rep
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Figure 58.  Characteristic frequency response curves of converter upper sideband filter FL1 and converter lower
sideband filter FL3.



- 71. Testing Output Circuit Frequency Re-

sponse Characteristics

a. General. 'Theconverter audio output and de-
modulator circuits must be checked to determine
their rejection of unwanted frequency products,
as well as their overall response to desired fre-
quencies. To test the characteristics of the con-
verter audio circuits, proceed as follows:

b. Preliminary Procedures.

(1) Connect the converter and test equipment
as shown in figure 60.

(2) Turn on the equipment, and allow 15
minutes for it to warm.

(3) Connect the multimeter to terminal 3 of
T7.

(4) Feed 10,000 pv from signal generator No.
2 at a frequency 300 cps higher than the
receiver if.

(5) Adjust the INPUT GAIN control for a
reading of .1 volt on the multimeter.

(6) Disconnect the multimeter from T7.

(7) Set signal generator No. 1 to deliver the
if. of the receiver with which the con-
verter is to be used. This signal should
be unmodulated at 1,000 pv.

(8) Increase the output of signal generator
No. 2 to 50,000 uv.

(9) Set signal generator No. 3 to deliver a
50,000-uv unmodulated output at a fre-
quency 800 cps higher than that of gen-
erator No. 1.

(10) Turn the SB SELECT switch to the
A-LSB, B-USB position, the CARRIER
SELECT switch to L.C, the SQUELCH
switch to OFF, the CARRIER COM-
PENSATOR control for a midscale read-
ing on the CARRIER LEVEL meter,
and the AFC switch to ON.

c. Channel B Intermodulation Distortion Test.

(1) Adjust the B-VC control to produce a
10-milliwatt output (1.225 volts ac as
indicated on the multimeter).

(2) Tune the sound analyzer to 300 and 800
cps and note the levels obtained. The
two levels should be equal. Record this
level as a reference of 0 db.

(3) Proceed to tune the sound analyzer to
the various intermodulation components
according to the chart below. Change
the input frequencies delivered by sig-
nal generators Nos. 2 and 3 where
indicated.

Input freq (higher than iTune sound | Component
gt Satedy” ! ¥ | Fundamental, output  *TCT 0 SGl T
channals (cps) | medulution) tarmental

Gen No. 2 | Gen No. 3 freq (cps) (db)
300 cps | 800 cps 300 800 200 —63
500 —585
600 — 58
1, 300 —50
900 cps | 1. 4 ke 900 | 1,400 400 — 52
500 — 56
1, 800 —59
1, 900 - 55
2, 300 —53
1.8ke | 2.3ke | 1,800 | 2 300 500 —48
1, 300 —60
2, 800 —53
. 3, 600 — b5
5 ke 5.5 ke 5, 000 5, 500 500 —62
4, 500 —53
6, 000 — 55

|
100 KC
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Figurc 59. Frequency response characteristics of carrier
filter FLS.

d. Channel A Intermodulation Distortion Test.

(1) Disconnect the sound analyzer and mul-

timeter from terminal 4 of TB1 and re-
connect them at terminal 1 of TB1.

(2) Turn the SB SELECT switch to the
LSB-B, USB-A position.

(3) Adjust the A-VC control to produce a
10-milliwatt output (1.225 volts ac as in-
dicated on the multimeter).

(4) Repeat the procedure in ¢(2) and (3)
above.
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AN/URM-25

(GENERATOR
NO.2)

470 F
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GENERATOR
AN/URM-25

(GENERATOR
NO.3)
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NOTE: =
RESISTORS ARE IN OHMS,

TM 266-65
Figure 60. Connections for testing converter intermodu-

lation distortion.

e. AF Response Tests.

(1) Connect the test equipment to the con-
verter (fig. 61).

(2) Turn on the equipment and allow it at
least a 15-minute warming period.

(3) Set the converter front panel controls as
follows: CARRIER SELECT switch to
LC, CARRIER COMPENSATOR to
6.5, SQUELCH to OFF; AFC switch to
ON; SB SELECT switch to A-LSB,
B-USB.

(4) Place the LOWPASS FILTER switch
in the OUT position.

(5) Set generator No. 1 to deliver a 10,000-uv
output at the if. of the receiver with
which the converter is to be used.

(6) Set generator No. 2 to deliver an unmodu-
lated output at a frequency 1 ke lower
than that of generator No. 1. The out-
put amplitude of this signal should be
100,000 uv.

(7) Adjust the A-VC control for a reading
of 3.875 volts ac on the multimeter. This
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represents 100 milliwatts into a 600-ohm
load and is taken as the 0-db reference in
the chart below. Proceed as follows,
holding the output amplitude of signal
generator No. 2 at 100,000 uv for the
various frequencies indicated :

Gen No. 2 output | Converter audio-out- Output as indicated
(i o Mot | oo aoebey sated | Zby miimeter ead:
fixed) (ke) (cps) ing (db)

—1 1, 000 0
—. 05 50 —3.1
—. 1 100 —1.2
—.2 200 —1.2
-.3 300 —1.1
—. 4 400 —1.0
—. 5 500 —. 3

—1 1, 000 0

—15 1, 500 —.3

—2 2, 000 —. 3

—3 3, 000 —. 2

—4 4, 000 0

-5 5, 000 —. 8

—5. 5 5, 500 —1.1

—6 6, 000 —-1.0

-9 9, 000 —51.5

SIGNAL
GENERATOR
AN/URM-25

(GENERATOR
NO. 1)

SOUND
ANALYZER
TS-615/U

TERMINALS
OF TB | |
= SINGLE |
SIDEBAND
CONVERTER 20
CV-157/URR
SIGNAL 30
GENERATOR IF
AN/URM-25 INPUT 40
(GENERATOR GND
NO.2) @\”

MULTIMETER
ME-6A/U

NOTE:
RESISTORS ARE IN OHMS,

TM 266-66

Figure 61. Connections for testing converter af response.



(8) Place the LOWPASS FILTER switch
in the IN position and proceed according
to the chart below.

G%‘i‘s'pﬁﬁé,ﬁeé‘é“i}ﬁ({”& Ot freq " as ndi- | Output as indicated

%]e(rcl)erator 0. 1 fixed) izg,;:;i (%Ill) Ss)ound ana- reading (db)
—1 1, 000 0
— .05 50 — 3.0
— .1 100 — 10
— .2 200 — 10
- .3 300 — 1.0
— .4 400 — .4
— .5 500 — .2
—1 1, 000 0
—1.5 1, 500 - .2
-2 2, 000 - .2
—2.5 2, 500 - .9
-3 3, 000 - .9
—3.5 3, 500 — .2
—4 4, 000 —38
—4.2 4, 200 —59

(9) Disconnect the sound analyzer and multi-
meter from the channel A output and re-
connect them at terminal 4 of TBI.

(10) Set generator No. 2 to deliver an un-
modulated output at the frequency of gen-
erator No. 1+1 ke. The output ampli-
tude of this signal should be 100,000 uv.

(11) Repeat the procedures outlined in (7)
and (8) above.

f. Conclusions. Tolerances of =1 db from the
response levels indicated in the charts above may
be accepted. Intermodulation distortion products
should be at least 45 db down from the funda-
mental. Failure of the converter to meet the
specifications may be caused by maladjustment of
the CHAN. A BIAS ADJUST and CHAN. B
BIAS ADJUST controls in the affected channel.
Instructions for adjusting these controls are given
in paragraph 66. If, after the controls have been
adjusted, the equipment still fails to meet the inter-
modulation distortion specifications as indicated
herein, the demodulator and output amplifying
stages in the appropriate channel should be serv-
iced. If final testing of demodulator and output
amplifying stages reveals no source of responsi-
bility for failure of the converter to meet overall
audio response specifications, the if. amplifier
transformers should be checked for correct aline-
ment outlined in paragraph 54.

72. Local Carrier Oscillator Frequency Check

a. Connect Frequency Meter FR-67/U at ter-
minal 6 of S6.

b. Turn on the converter and the frequency me-
ter and allow 15 minutes for the equipment to
warm. Place the CARRIER SELECT switch in
the LLC position.

¢. Check the output frequency of the oscillator.
It should be within 1 cps of 100 ke.

d. Allow the equipment to remain operative for
1 hour. The output frequency of the oscillator,
as indicated by the frequency meter, should re-
main within 1 ¢ps of 100 ke.

e. At this time check the output voltage of the
oscillator (between terminal 3 of T15 and ground) ;
use Electronic Multimeter ME-6A/U. This volt-
age should be approximately 6 volts rf.

7. Instructions for correcting the frequency of
V35 are contained in paragraph 62.

73. Afc Circuit Tests

The tests for the converter afe circuit determine
if the pull-in range of the circuit is satisfactory
and if the circuit will track frequency changes at
a satisfactory rate.

a. Afe Pull-in Range Test.

(1) Connect Signal Generator AN/URM-25
at the converter IF. INPUT jack, JI.
Adjust the signal generator to deliver an
unmodulated 1,000-uv output at the if. of
the receiver with which the converter is
to be used.

(2) Tune the converter to this input signal.

(3) Adjust the CARRIER COMPENSA-
TOR control for a midscale reading on
the CARRIER LEVEL meter.

(4) Turn the AFC switch to ON and the
SQUELCH switch to OFF.

(5) Disconnect the signal generator and re-
tune it 50 cps below the frequency used
in (1) above.

(6) Reconnect the signal generator. The
CARRIER LEVEL meter should re-
turn to midscale within 2 seconds of the
reinsertion of the new carrier frequency.

(7) Disconnect the signal generator and re-
tune it to the frequency used in (1) above.

(8) Reconnect the signal generator. The
CARRIER LEVEL meter again should
read midscale within 2 seconds after the
carrier is reinserted.
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(9) Repeat this procedure, tuning the sig-
nal generator 50 cps above the carrier
frequency.

b. Afe Tracking Test.

(1) Connect the signal generator at TF. IN-
PUT jack J1. Set the generator to de-
liver the if. of the receiver with which
the converter is to be used. The sig-
nal should be at 1,000-uv amplitude, un-
modulated.

(2) Tune the converter to this input signal.

(3) Adjust the CARRIER COMPENSA-
TOR control for a midscale reading on
the CARRIER LEVEL meter.

(4) Turn the AFC switch to ON. Allow
the SQUELCH switch to remain OFF.
Vary the output of the signal generator
at a rate of approximately 10 cps to a
frequency 2 ke above the reference fre-
quency established in (1) above. The
CARRIER LEVEL meter should re-
main at midscale throughout this change.

(6) Return the signal generator output fre-
quency to the reference point and retune
the converter.

(7) Vary the output of the signal generator
at a rate of approximately 10 cps to a
frequency 2 ke belorw the reference level.
The CARRIER LEVEL meter should
remain at midscale throughout this
change.

c. Conclusions. If the converter fails to meet
either of these specifications (after meeting those
preceding it), there is a failure present in the
afe circuit. The afe circuit should be serviced
(par. 48).

74. VERNIER Control Calibration Test

The VERNIER control is capable of causing
a 2-ke deviation either side of the heterodyne
oscillator center frequency. When this control is
correctly calibrated, the DRIFT INDICATOR
control, which also influences the frequency of the
heterodyne oscillator, may be presumed also to be
properly calibrated.

a. Preliminary Procedures.

(1) Connect the converter and its test equip-
ment as shown in figure 57.

(2) Set the signal generator to deliver the if.
output of the receiver with which the
converter is to be used. The signal
should be at 10,000 uv, unmodulated.

—_—
ot
~—
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(3) Turn the equipment on and allow 15 min-
utes for it to warm.

(4) Set the converter front panel controls as
follows: AFC switch to OFF; CAR-
RIER COMPENSATOR to 0; CAR-
RIER SELECT switch to 1.C; VER-
NIER and DRIFT INDICATOR con-
trols at 0 (center).

(5) Note the output frequency of the signal
generator as indicated on the frequency
meter. Correct this output frequency, if
necessary.

b. Testing Procedures.

(1) Turn the VERNIER control to the —2
KC position.

(2) Adjust the tuning of the signal generator
for a maximum indication on the CAR-
RIER LEVEL meter.

(3) Note the output frequency of the signal
generator as indicated by the frequency
meter. The amount of calibration error
should not exceed 200 cps.

(4) Return the VERNIER control to the +2
KC position.

(5) Retune the signal generator for a max-
imum indication on the CARRIER
LEVEL meter.

(6) The amount of calibration error present
should not exceed 200 cps.

¢. Oonclusions. 1f the calibration error in the
VERNIER control exceeds the limits indicated
above, readjust the RANGE COMPENSATOR
control as instructed in paragraph 60c.

75. VU METER Calibration Check

The circuit constants in the converter are such
that if the VU METER is calibrated correctly in
one of the ranges, it will be correctly calibrated in
its other ranges. To check the calibration of the
VU METER, proceed as follows:

a. Connect Signal Generator AN/URM-25 at
converter IF. INPUT jack J1. Adjust the gen-
erator to deliver an unmodulated signal 1 ke above
the if. center of the receiver with which the con-
verter is to be used.

0. Connect a 300-ohm composition resistor be-
tween terminals 1 and 2 of TB1. Connect a second
300-ohm resistor between terminals 2 and 3.

c. Connect Klectronic Multimeter ME-6A /U
between terminal 1 of TB1 and ground.

d. Set the converter front panel controls as fol-
lows: AFC switch to OFF; VERNIER and




DRIFT INDICATOR controls to 0 KC, CAR-
RIER SELECT, switch to LC, SB SELECT to
A-LSB, B-USB, VU SELECT to A, and VU
RANGE to +10DB.

e. Adjust the output level of the signal gener-
ator for a reading of 100 on the VU METER.

7. The multimeter should show a reading of
1.23 volts ac.

g. If the VU METER fails to meet this specifi-
cation, it may be recalibrated by following the
instructions in paragraph 65.

76. Squelch Circuit Check

To check the operation of the squelch circuit and
the SQUELCH ALARM lamp, proceed as fol-
lows:

a. Connect Signal Generator AN/URM-25 at
the converter IF. INPUT jack J1. Set the gen-
erator to deliver the unmodulated if. center of the
receiver with which the converter is to be used.
The output amplitude of the generator should be
1,000 uv.

b. Set the converter front panel controls as fol-
lows: AFC switch to ON, VERNIER for a maxi-
mum indication on the CARRIER LEVEL meter,
SQUELCH to ON, and CARRIER COMPEN-
SATOR for a midscale reading on the CARRIER
LEVEL meter. Other front panel control set-
tings are unimportant.

¢. Turn on the equipment and allow it to warm
for 15 minutes.

d. Decrease the setting of the signal generator
attenuator control. The SQUELCH ALARM
lamp should light when the input signal drops to
about 30 microvolts, unless the squelch circuit has
been readjusted to a higher threshold (par. 64).
In this event, the SQUELCH ALARM lamp will
light at a higher output level from the signal
generator.

e. Vary the VERNTER control. The AFC IN-
DICATOR and DRIFT INDICATOR control
should show no evidence of tracking.

7. Return the VERNIER control to its tuned
position.

g. Re-establish the midscale reading of the CAR-
RIER LEVEL meter.

h. The SQUELCH ALARM should be ex-
tinguished.

i. If the squelch circuit shows evidence of trouble
by failing to meet the requirements of this check,
refer to the troubleshooting chart (par. 41) for
possible remedies.

77. AFC DRIFT ALARM Check

To test the AFC DRIFT ALARM, proceed as
follows:

@. Turn the DRIFT INDICATOR control knob
to the —2 KC position. The DRIFT ALARM
lamp should light.

b. Turn the DRIFT INDICATOR control knob
to the +2 KC position. The DRIFT ALARM
lamp should light.

c. It the DRIFT ALARM lamp fails to light,
check the lamp and microswitch S8.

78. Agc Circuit Tests

The adjustments made in the age circuit change
each time the receiver with which the converter is
used changes. For this reason, adjustment of the
age circuit forms part of the installation procedure
for the converter. After this converter is recon-
ditioned at the depot level for shipment to the field,
the age circuit should be adjusted to match a Radio
Receiver R-390/URR that is known to be in good
condition. Instructions for making the necessary
adjustments are given in paragraph 67. If these
adjustments can be made, the agc circuit may be
assumed to be in working order. If the necessary
adjustment cannot be made, the converter agc
circuit is in need of repair.
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CHAPTER 7

SHIPMENT AND LIMITED STORAGE AND DEMOLITION
TO PREVENT ENEMY USE

Section I. SHIPMENT AND LIMITED STORAGE

79. Shipment or Limited Storage

The exact procedure for shipment or limited
storage depends on the material available and the
conditions under which the equipment is to be
shipped or stored.

80. Field Repackaging Data

a. Materials Required. The following chart
lists the estimated amount of materials required
to prepare the converter for shipment:

Materials Amount
Waterproof barrier_ . ______________________ 32 sq ft.
Single-face, flexible, corrugated paper________ 65 sq ft.
Corrugated fiberboard . - ___________________ 20 sq ft.
Pressure-sensitive tape_____________________ 28 ft.
Gummed paper tape_____ . 35 ft.
Flat steel strapping_ -~ ___________________ 18 ft.
Wooden shipping box______._______________ 1 ea.

b. Box Size. The inner dimensions of the
shipping box required for the converter are given
below :

. Height | Width | Depth | Board | Vol Packed
Box No. (n) | Gng | (ny @ | ot W(“I‘g)m
lof1_____ __ 23 1934 19 34 7.2 177

c. Packaging. Package Single Sideband Con-
verter CV-157/URR as follows:

(1) Manuals. Package each manual within

a close-fitting bag, fabricated of water-

proof barrier material. Seal all seams
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(2)

(3)

and closures with water-resistant, pres-
sure-sensitive tape.

Spare parts and accessories. Cushion
spare parts and accessories individually
by wrapping in flexible single-face cor-
rugated paper. Secure cushioning with
gummed paper tape. Consolidate the
cushioned items together by wrapping
within two thicknesses of flexible cor-
rugated paper. Secure wrapping with
gummed paper tape.

Converter. Cushion the converter on all
surfaces with pads, fabricated of cor-
rugated fiberboard, designed to absorb
the shock of impact normally encountered
in handling and transit. Wrap cushioned
unit in two thicknesses of flexible cor-
rugated paper. Secure wrapping with
gummed paper tape.

d. Field Repacking, Strapping, and Marking.

(1)

Repacking. Placethe converter together
with the consolidated package, contain-
ing spare parts and accessories, within a
nailed wooden box. Place the packaged
technical literature between the packaged
equipment and the lid of the shipping
container. Fit the box with a sealed
waterproof liner. Fabricate the box to
fit the contents snugly.

Strapping. Strap the shipping box for
intertheater shipment only.

Marking. Mark the shipping box in ac-
cordance with the requirements of section
II, SR 55-720-1, Transportation and
Travel, Preparation for Overseas Move-
ment of Units (POM).




Section Il. DEMOLITION OF MATERIEL TO PREVENT ENEMY USE

81. General

The demolition procedures outlined in para-
graph 82 will be used to prevent the enemy from
using or salvaging this equipment. Demolition
of the equipment will be accomplished upon the
order of the commander.

82. Methods of Destruction

a. Smash. Smash the crystals, controls, tubes,
coils, motors, switches, capacitors, and trans-
formers; use sledges, axes, handaxes, pickaxes,
hammers, crowbars, or heavy tools.

b. Cut. Cut cables and wiring; use axes, hand-
axes, or machetes.

¢. Burn. Burn cables, resistors, capacitors,
coils, wiring, and manuals ; use gasoline, kerosene,
oil, flamethrowers, or incendiary grenades.

d. Bend. Bend panels, cabinet, and chassis.

e. Explosives. 1f explosives are necessary, use
fire arms, grenades, or TNT.

f- Disposal. Bury or scatter the destroyed
parts in slit trenches, foxholes, or other holes, or
throw them into streams.

g- Destroy. Destroy everything.
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RESISTOR COLOR CODE MARKING
(MIL-STD RESISTORS)

AXIAL-LEAD RESISTORS RADIAL-LEAD RESISTORS
(INSULATED) (UNINSULATED)
(END) (BODY)
ABCD TOLERANCE
3 (END)
— — s —
= s
LYOLERANCE SECOND
SIGNIFICANT
MULTIPLIER FIGURE
SECOND SIGNIFICANT FIGURE MULTIPLIER
(DOT OR BAND) FIRST
FIRST SIGNIFICANT FIGURE SIGNIFICANT
FIGURE
RC-COMPOSITION RZ-COMPOSITION
(END) (BODY)
A BGCD TOLERANGE \
T \ (END)
—/ T —a 3 e
11
TOLERANGE SECOND
[ sweniFicanT
MULTIPLIER FIGURE
SECOND SIGNIFICANT MULTIPLIER
FIGURE (DOT OR BAND) FIRST
SIGNIFICANT
FIRST SIGNIFICANT FIGURE FIGURE
(DOUBLE WIDTH SIGNIFIES
FIXED WIRE-WOUND
RESISTORS)
RU-WIRE-WOUND RZ-COMPOSITION
RESISTOR COLOR CODE
BAND A OR BODY* BAND B OR END* BAND C OR DOT OR BAND* BAND D OR END*
FIRST SECOND RESISTANCE
COLOR SIGNIFICANT COLOR SIGNIFICANT COLOR MULTIPLIER COLOR TOLERANCE
FIGURE FIGURE (PERCENT)
BLACK (o} BLACK [o] BLACK | BODY + 20
BROWN | BROWN I BROWN 10 SILVER i' 10
RED 2 RED 2 RED 100 GOLD ts
ORANGE 3 ORANGE 3 ORANGE 1,000
YELLOW 9 YELLOW ) YELLOW 10,000
GREEN 5 GREEN 5 GREEN 100,000
BLUE 6 BLUE 6 BLUE 1,000,000
PURPLE 7 PURPLE 7
(VIOLET) (VIOLET)
GRAY 8 GRAY 8 GOLD 0.1
WHITE 9 WHITE 9 SILVER 0.01
*FOR WIRE-WOUND-TYPE RESISTORS, BAND A SHALL BE DOUBLE-WIDTH.
WHEN BODY COLOR IS THE SAME AS THE DOT (OR BAND) OR END COLOR,
THE COLORS ARE DIFFERENTIATED BY SHADE, GLOSS, OR OTHER MEANS.
EXAMPLES (BAND MARKING): EXAMPLES (BODY MARKING):
10 OHMS +20 PERCENT: BROWN BAND A; BLACK BAND B, 10 OHMS +20 PERCENT: BROWN BODY; BLACK END; BLACK DOT
BLACK BAND C; NO BAND D. OR BAND; BODY COLOR ON TOLERANCE END.
4.7 OHMS +5 PERCENT: YELLOW BAND A; PURPLE BAND B; 3,000 OHMS 410 PERCENT: ORANGE BODY, BLACK END; RED DOT
GOLD BAND C; GOLD BAND D. OR BAND; SILVER END. STD-RI

Figure 62. MIL-STD resistor color codes.
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SQUELCH VOLTAGE

RECTIFIER
viz
2D CARRIER 1.8V 3.1 VAC 5726
AMPLIFIER 270 ° ov
vig ov 3.1VAC K= .5V
6AUS IST CARRIER 370k ° : -2.4V¥
3.1VAC 240V LIMITER 204V 204V 350K
vie a2k 3.1VAC
5751
3.1VAC Z
5 *4"7“"‘56 3.1VAC
2 7 : o
9 | Y, 120 470
oy . 3.1VAC
65 = 219V
2D CARRIER
LIMITER
v20
IST CARRIER 5781 470 3D CA
AMPLIFIER 3.1 VAC LiN
viT v
6AUE 5
CARRIER
IF AMPLIFIER
V16
6AU
3.1vaAcC N 102v
59K CONVERTER
3.1VAC LN 95V UPPER SIDEBAND
) "(\;3 6 110K IF AMPLIFIER
ov 2 7 .88V V4 3.1VAC
0 &l 150 6AUS
ov
230K
DC AMPLIFIER
v3a
5751
3.1 VAC 190V
CONVERTER 90K
LOWER SIDEBAND
IF AMPLIFIER
IST IF AMPLIFIER Vil
V3 6AUSE
A
3.1VAC savS 232V 90K
) ‘5\ 30K
3.1vAC 4 g 130v
o 3 e 75K
ov 1.3V
180
75
HETERODYNE
MIXER OSCILLATOR
Vi va
1
Ly sBAT 3.1VAC ov 8814 3.1 vAC
68 0 o °
-4.8V 3.1VAC -3.2v 3.1 VAC
O
o
sov
110K
3.1VAC
o
o
CONDITIONS!
FRONT PANEL CONTROL SET AS FOLLOWS, POWER INPUT 115 VAC M
oFF 0
A-LSB % NOTES:
S saEe]
B-usB - MEASUREMENT TAKEN WITH ELECTRONIC MULTIMETER.
[SQuELcH] ON
3 K DEPENDS UPON SETTING OF SWITCH.
0 K XK DEPENDS UPON SETTING OF [INPUT GAIN] ADJUSTMENT.
on
+ DEPENDS UPON SETTING OF [CARRIER COMPENSATOR] CONTROL.
REC
CARRIER SELECT Le
CARRIER_COMPENSATOR 7
8
0
o IST AGC
Lenten AMASSIER
NO SIGNAL INPUT, €AUS

ALL DC, AC AND RESISTANCE MEASUREMENTS TAKEN WITH 20,000 80K
OHM/VOLTMETER UNLESS OTHERWISE SPECIFIED.



VOLTAGE

IFIER
2
6 ov 3.1 VAC
0
¥=.25V 3.1vac SQUELCH
3 VOLTAGE
350K H MIXER
3.1VAC V33
5781
219V
470 3D CARRIER
3.1 VAC LIMITER
o V2l
5814 219V

DC AMPLIFIER

via
5751
HETERODYNE
OSCILLATOR
va
, s814 3,1 VAC
°
.2V “ 3.1 VAC
X 234 o
N | H sov
0K
IVAC
)
L.
IST AGC
AMPLIFIER
v3e
6AUE

3.1VAC

0 65
10.7V 10.7V
i,200 1,200
oV 76 8% 3.1 VAC

0’6 S

0 °
219V 3.1 VAC
30K o
3.1VAC 70V
0 SOK
3.1VAC 2V

400K

ov
[
3.1VAC
[
90K
MOTOR
DRIVE
V3o
5814
ov 3.1VAC
[}

3.1 VAC

o
178V

4]

ov

l//—-f:;____TEE?

T8V | ov

560 (07 29 o

a8V o6 3 ) 3.1 VAC

1oov 3.1 VAC
180K

58V
/B\& 120K
o 3.1VAC

2
28K e,
oV 9 5

[¢]
3.1 VAC

82K 876 °
18V 247V
2.2K 28K

lolV

osc

LOCAL CARRIER
ILLATOR-TRIPLER
v3s
6us

K
3.1V
o
3.1V
o
10.9
AFC GATE L:
vaz
100K
ov eAus 3.1 VAC 2438V
0 [ 27K
3.1 VAC sy
)
3.0V
CHANNEL A |°o o
84K DEMOeLéILATOR X
5814 ¥ -2V
TMEC
220\
63K
3.0V
)
3.1V
PHASE PHASE |o .
RECTIFIER RECTIFIER '?(~
v23
5726 * -2v
ov I MEC
2200
63K
10K
3.1VAC 3.1 VAC
9
.45V
* Hrodv 5K AFC
*.3V 3vy DC AMPLIFIER
Ve
5751
AFC AMPLIFIER- TO0 ¥ ¥
INVERTER
V29 °
5751
190V ov 3.1 VAC
3.1VAC -22Vv 2. 3 3.1 VAC AMPLIFIER-
%59\ INVERTER
60 V26
5751 ov
3
175V
©
85K o 140V
280K
348V
140K
MOTOR
DRIVE
vae
5814 23V
40K
¥OoV
600K
ov
600K
3.1VAC
0

Figure 64.

Tube socket voltage and resistance data chart.



9.0V 58V

470K /6\2\ 20K
220V 73 3.1VAC
28K 123 o LOCAL CARRIER
oy {s 50\ 3.1vac OSCILLATOR-TRIPLER
82K 9 o v3s
18V 247V eus
2.2k 78X
|olV
TK
CHANNEL B
SIDEBAND
AMPLIFIER-
DEMODULATOR
vi2
3.1vac sei4 a5V
.6
10,9V sy
K 3 s:y 3.300
oV o2 ° 3.1'VaC
¢
0
¢
0
v
K
v CHANNEL A
K DEMODULATOR
Ve
5814 *
3.1VAC 248y
27K
3.1VAC ov
PHASE ) ‘5673\ T
RECTIFIER 10.9V 8o 10.9V
T2e *lK o ° 3 |v1Ixs
v 5726 ov Lvac
X .
v¥ ¥-3.3Vv -3.3v¥ 63K
] 280K
c 3.1VAC
o
¢
° 10K o
] 3.1 VAC
°
97V
85K AFC
.3v¥ DC AMPLIFIER
v2s
5751
100 % ¥
°
Y ov 3.1 VAC
v ° o AFC
% ey N T MOTOR
K 360K ﬁzlag\ 5 ANbERTER DRIVE
' & va?
v 280V 146V
0 ° A 5814
; 3o 878l oV 3.1 VAC
¢ 3.1vaC 2 <
¢ ° 178V 348V
5 ® 140K
° 140V 3 140V
280K \& o 370K
3.1VAC a0k . 27o%
° TaoK e
1] 178V 148V =
0 MOTOR 9 /bes , 140K. MOTOR =
YV DRIVE 140V 07 A 140V DRIVE
X V3l 760K 4 3@/ 760K vee
v s8i4 348V 5S4 175V 5814 23V 3.1 VAC
o 140K o 2y g
d % oy *oV 3.1vAC
0 ) ® 600K Z:-’zu’ov\ 5
oV " so 232v
600K \;87 28K
3.1VAC ov
° 220K
9.5V

Tube socket voltage and resistance data chart.

MONITOR AND

VU METER
AMPLIFIER
ve
5814
35K
88V

330K )

330K

CHANNEL B
DEMODULATOR

AGC AMPLIFIER-

RECTIFIER
V3?7
5814

CHANNEL B
AUDIO
OUTPUT

VIS
6814

CHANNEL A
SIDEBAND
AMPLIFIER-
3,300 DEMODULATOR
3.1vacC Vs
S 5814

CHANNEL B
AmPLIFIER-
INVERTER

3.1 VAC

3.1 VAC

o
o

3.1vAC 3.1 VAC
° o
9.6V 258V
€80 48 25K
oy /35 %F\ ov
270K I e 270K
258V 9

25K

4K m
65V 2 3 3
4



MONITOR AND

VU METER
AMPLIFIER
Ve
5814
88V 3.1 VAC
Iz °
65V 2 3 3.1 VAC
330K 4 °
239V
330K
25K
63V

220K

0 CHANNEL A
.6 SIDEBAND
3.1V AMPLIFIER-
3,300 DEMODULATOR
9 3.1 VAC 5Vs!:‘

CHANNEL B
AmPLIFIER=
INVERTER

3.1 VAC
o
0

3.1VAC 3.1 VAC

0

NEL B 9.6V 258V
)10
PUT

5
L}

REGULATOR
V40
6080

450VAC

VOLTAGE

30

MONITOR
OUTPUT
vio
6AQSW
RECTIFIER
v3s
Sraway 450 VAC
NC
30
450VAC
30
NC
361V

130K

CHANNEL A
AMPLIFIER=

INVERTER
v?

CHANNEL A

25K
3.1VAC

REFERENCE
va2
5651
82v
52K
88V ) 88V DC
AMPLIFIER
val
6AUE
1.2 MEG ©
RECTIFIER
V39
SRAWGY
361V
VOLTAGE
REGULATOR
Va4
0A2 ov
210VAC
26K oY
L RECTIFIER
3.1vaAcC 210VAC Va3
0 32 26K exaw
3.1VAC
5 NC
258V
TM266-54

365016 0—55
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CONDITIONS !

FRONT PANEL CONTROL SET AS FOLLOWS:

[MONITOR ] OFF
[58 secect] {ioee
on
[CARRIER COMPENSATOR] 7

SB AGC 8

DRIFT INDICATOR
MONITOR GAIN 0]
SQUELCH ALARM LIGHTED

NO SIGNAL INPUT :

ALL DC AC AND RESISTANCE
MEASUREMENTS TAKEN WITH
20,000 OHM/VOLTMETER UNLESS
OTHERWISE SPECIFIED.

o

POWER INPUT 115V AC

NOYE:
* MEASUREMENT TAKEN WITH
ELECTRONIC MULTIMETER.

—— — = —— — —— — )\
[

/—TB9

/ TBIO

TB7,

B8

RTB?)O \TBZQ

TB25
TB27
meza—_ |||
T823—[ ||| [
TB28
832
L P (T
—

TBIS

831

TB22 TB20

TBI9

TBI3

TBI4

TBI7

TBI8

oV

780

o[Rz8la[FzE
o[fo k

oV / ov

380

GROUND—

220

50K

GROUND\—-——




TBIS

TBI13

TBI14

TBI7

TBI8

265V

256 TBIS

[——GROUND

RIS
o

2.1V
330K

133 V
65K

50V

ov oV
GROUND
380 B8 [230
rR23 [6{Re5
Ro7 —-§%%
ov GROUND
7m0 [o[Rzelq[reEla N\
o[Rea ) N
GROUND
ov Iov
380 220
v
€8
ov GROUND  GROUND
7000
O_V/
\\\\__ 380
GROUND— ;zi 2y
TB 6 GROUND TBIO [25\/6
GROUND =7 s
ov
ov 780 1ol r73
265K
R70 Fo{R72 ﬁ;g
oV
o7k srouno—"| Res
oV ov
220 380
250V TBs 342V 342V
1 2 MEGN, 130K 130K GROUND -
p 88V
]88V
P |9 230K
éy(u g D
245 v KA o7
1.2 MEG xf {2
ov /
245V \\\Eﬂ?v oV
380 380
I 2MEG 130K

1HOK

TBl14

oV
95K

129V
90K

GROUND

ov lov
47K 95K 92K
82V sy TBI3
36K 28K\ GROU
145V
aar\] oL u
c3
R6 1
) Ve
13V
80 RI6
GROUND_/ LI130V  \226 Vv
75K 28K



265V N * ~2 7V
25K 14V TB|9 3K
265V -3y 4TMEG\ -3, 2 GROUND
25K TBI5 [_GROUND GROUND 3K —=14500 1.5 MEG \
\\ . P GROUND
é i L§AL ol [au] [~ 0| {m] [y 26
I o 470 Y1 olcas]O) 13| ale] |& 2
s . o/l |||2 e|& | |z LY —3
| ?ERQT‘O\ 330K A \ GROUND
L2sov 129V SO =1 ~_32-2V "zl\
v 24K 30K oV + 140
: 470K -5V 150V 100V
204V 500K 20K 24V 85K
42K GROUND- “—~GROUND ‘“—r—r
350K
v ov
- 142 \—GROUND
ov  TBI4 _oumo TBI8
5K\ /
ov [ 1 | 265V
10K 25K
oV D 7v
" / GROUND 9 Q B—\GROUN—I TB22 o
W\ [cs6 | /) c93 242V
K 234V \ % 57K -4 247 v
N .
() £7e2 2T == iBOK 28K
$ 125V 2oy
25K
O -4\
% 60K 230K GROUNC
130V, U 15V ov
60K GROUND 120 1100 oV
78y GROUND- 800
68
ov
30K
102V TBI7 %2’
59K -150 70V
o -29V 20K TB2lI /9OK
2
R0}
95V PG
10K RIOS i -
.88V c80
|
oA RIO4

GROUND—/

TBI3

N
45V
265V
MEN R\ TBI16 /-GROUND
i.55V
GROUND
265V 470 TB 20
25K
4 offiz3}o
:.;Ov / RI124 RI25
GROUND —/  L130V 226 V 260V 125V, 20V 265V
75K 28K 27K 200K 37K 25K
Figure 65. Resistor and capacitor board voltage and resistance chart.



163V 65K 163V
T825 /@‘K /Z_ZOK TBZS 120K
GROUND
265V 242V /
37K 27_K\ a5y GROUND —
N | 295V
27K
GROUND 65V
-4V OUND— oV 265V 220K
140K 265V 0K T -2
25K N\ /1 ov
GROUND 200K ov
ov I~ 200K 30V
oV 450K ————GROUND 3300
3VE )
GROUND . oV
700K 5 /OOK
45 V¥ o 2
100 e oV _
400K 102V RIS3| === 400K c
ov 7K — Y | OV GROUND—
ROUND TB 22 107V 400K //_8— OL/ Ris> 0 Zc
1200 | -2y 265V hS
360k 10K RIS8 — o5k OV [T
| 247V oV . 57K
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CAPACITOR COLOR CODE MARKING
(MIL-STD CAPACITORS)

TYPE INDICATOR %
FIRST SIGNIFICANT FIGURE

SECOND SIGNIFICANT FIGURE

S } —

INDIGATOR
oy b b,,/(REAoms DIRECTION)
Ppp

i /DEC!MAL MULTIPLIER % %
TOLERANGE
CHARACTERISTIC

* BLACK DOT: MICA DIELECTRIC
SILVER DOT: PAPER DIELECTRIC
*¥|NDICATES NUMBER OF ZEROS ON PAPER TYPE.

MICA (CM) AND PAPER (CN)

MIL BUTTON-MICA
IDENTIFIER (BLACK)

FIRST SIGNIFICANT FIGURE

SECOND SIGNIFICANT FIGURT
DECIMAL MULTIPLIER

CHARACTERISTIC CAPACITANCE TOLERANCE
BUTTON-MICA (CB)

SECOND SIGNIFICANT FIGURE
FIRST SIGNIFICANT FIGURE

TEMPERATUREﬁ
COEFFICIENT

—DECIMAL MULTIPLIER
CAPACITANCE TOLERANGE

INNER -

ot e LM
ELECTRODE TERMINAL

-

FIRST SIGNIFICANT FIGURE

TEMPERATURE
COEFFICIENT

INNER-ELECTRODE
TERMINAL

[

NOTE:

SECOND SIGNIFICANT FIGURE —

DECIMAL MULTIPLIER
CAPACITANGE TOLERANCE

0

SPOTS MAY BE USED INSTEAD OF BANDS; TEMPERATURE
COEFFICIENT MARKING IS LARGER.

CERAMIC-TEMPERATURE COMPENSATING (CC)

FIRST SIGNIFICANT FIGURE

CHARACTERISTIC

INNER-ELECTRODE
TERMINAL

NOTES:

SECOND SIGNIFICANT FIGURE
DECIMAL MULTIPLIER
rCAPAGITANCE TOLERANCE

.__:I__Mn_ IDENTIFIER
(BLAGK DOT)
H

CHARACTERISTIC FIRST SIGNIFICANT FIGURE
\\’_V}/Y,SECOND SIGNIFICANT FIGURE
A !“.—-—DECIMAL MULTIPLIER

CAPACITANCE TOLERANCE
MIL IDENTIFIER
(BLACK SPOT)

i

L

N\

1. SPOTS MAY BE USED ON TUBULAR CAPACITORS;
CHARACTERISTIC SPOT IS LARGER AND MIL IDENTIFIER
IS ON SIDE DIAMETRICALLY OPPOSITE COLOR SPOTS.

2. MIL IDENTIFIER OF DISK TYPE IS ON REVERSE SIDE;
CHARACTERISTIC SPOT IS LARGER OR SPACE BETWEEN
CHARACTERISTIC AND TOLERANCE SPOTS IS THREE
TIMES SPACE BETWEEN ADJACENT SPOTS.

3. TOLERANGE: YELLOW, +100%,-20% .

CERAMIC-GENERAL PURPOSE (CK)

CAPACITOR COLOR CODE

MULTIPLIER CHARACTERISTIC' TOLERANCE 2 TEMPERATURE
SIG COEFFICIENT
COLOR F16 NUMBER cc (UUF/UF/°C)
DECIMAL OF cmicNlcB|ck| cm | ¢cN CB SVERTTOUGE o
ZEROS I0UUF |OR LESS|
BLACK 0 I NONE A 20 20 20 20 2 ZERO
BROWN 1 10 ] B|le|B|w | -30
RED 2 100 2 c|w X 2 2 2 ~80
ORANGE 3 1,000 3 o|ldJ|o 30 -150
YELLOW 4 10,000 4 Ele -220
GREEN 5 5 FlR 5 0.5 -330
BLUE 6 6 s -470
PURPLE _
(VIOLET] 7 7 Tw 750
GRAY 8 8 X 0.25 +30
WHITE 9 9 10 | -330(*5000 °
GOLD 0.1 5 5 +100
SILVER 0.0l 10 10 10
I. LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS,
2. IN PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF 10 UUF OR LESS. STD-Ct

3. INTENDED FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION.

Figure 63.

MIL-STD capacitor color codes,
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