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SECTION 1
GENERAL INFORMATION

1-1  DESCRIPTION

The QEI Model 691 Modulation Monitor/Test Set {FCC Type Approval
Number 3-244 ) is an all solid state Modulation Monitor designed to
meet or exceed the Federal Communication Commission requirements for
measuring the modulation characteristics of FM transmitters having a
frequency range of 88.1MHz to 107.9MHz both at the transmitter and off-

air.

The 691 is manufactured in a 10%" X 19" rack mount. AlT operator
controls are located on the front panel. AC Power, RF Inputs and Monitor
Outputs are located on the rear panel. :

1-2  ELECTRICAL SPECIFICATIONS

RF Frequency Range............cc0ueun 88.1 - 107.9MHz
(Thumbwheel selected)

RF Input (to guarantee 66dB S/N in a 30KHz Bandwidth)

Antenna ..., .. 3mv to 200mv
Signal L. i 2mw to 50W (depending on external
1oad)
Total Modulation Display
Modulation Meter
ACCUrACY . i n v tiiiassnscnnsnsn +2% entire range
Frequency Response.............. 0.2dB 30Hz - 75KHz
RANGE . vt e et e iieiin e ae s 0-133% (-20dB to +2dB)
Ballistics. oo ivinannns per FCC regulations
Peak Indicators ‘
RaNgE. .. vv ittt 0-199% in 1% increments
ACCUYACY. . veiiiiaiianacnnironnen + 1%
Peak Counter
Set Point. ... ..o iinennnnnn, 100% + 1%
TIme. o i it 1 minute + 1 sec.
Distortion....cooveiniininiinneana, 0.05% THD or IMD
Y4 better than 75dB (with 75usec de-emp)

better than 66dB in a 30KHz Bandwidth

Test Displays (2)

Meter Accuracy ............0iuen + 2% entire range
Peak Indicator Accuracy........... + 1%
Meter Range......ovevveveernnnnn. 133% to -75dB (autora?ging)

Pitot & SCA Injection Accuracy... * 0.5% (6% to 12%)



Separation

LintoRorRinto L. . . . . .

Crosstalk

Main into Sub . . . . . . . ..
Sub into Main . . . . . . . . .
SCA into Sub or Main. . . . . .

Pilot into Sub or Main.
Monitoring Modes

Left

Hain

Pitot Level
38KHz

FM/S/N

SCA Inj. narrow
SCA Inj. wide

NN T L PO e
e i Ttk P WL P

Distortion (Left or Right)

Frequency . . . . . . . « . . .

Spectrum Analyzer Output

¥ Horizontal., . . . . . . . . .
Y Vertical. . . . . . . « . . .

1-3 MECHANICAL SPECIFICATIONS

Dimensions. . . . . . « « .« . .

Right

Sub

Phase Cal.
Gen. Phase
AM S/N
Main

SCA Mod.

0.05%
0.1% (SMPTE)

. . 1% (50Hz to S5KHz) (150us de-emp)

+10 dbm bal., and Hi-2
+10 dbm bal. and Hi-z

1Vpp
X.0, I.F. Pilot, SCA (TTL)

4Vpp
0.5V/10db

(104"H ) x (19"W ) x (12'D )
(26.68cm) x (48.29cm) x {30.5¢cm)
16 1bs.

32°F to 122°F

0°C to 60°C



1-4 INSTRUMENT IDENTIFICATION

This unit is identified by a Model and Serial Number located on the rear panel.
A1l correspondence to your sales representative or the factory in regard to the
unit should reference the complete Model and Serial Numbers.

1-5 OPTIONS

(01) SCA Monitor option (67KHz) consists of the plug in board assembly A6
(02) SCA Monitor option (special frequency)} (not FCC Type Approved)
(03) CCIR Specifications (not FCC Type Approved)



SECTION 2 —
INSTALLATION ~

2-1 INITIAL INSPECTION

Check the shipping carton for external damage. If the carton exhibits evidence
of abuse in handling (holes, broken corners, etc.) ask the carrier agent to be
present when the unit is unpacked. Carefully unpack the unit and inspect all
equipment for physical damage. Immediately after unpacking any bent or broken
parts, or scratches should be noted. Keep all packing material for proof of
damage claim or for possible future use.

2-2 PREPARATION FOR USE

The unit is designed to be mounted in a standard 19" rack. Air space should

be provided above and below the unit so that heat generated by the circuitry

may be dissipated. Additional cooling may be required if the unit is placed

above high heat generating e uigment in order to keep the ambient temperature
betow the maximum specified (50°C).

Mount the unit to the rack using #10 countersink screws and finishing washers,

The unit requires a 105-125Y single phase, 50/60Hz power source or a 220-250V
single phase, 50/60Hz power source. The identification plate on the back N
panel shows for which power source the unit is wired. See Section 5-7 for .

information on changing taps.

2-3 MONITOR CONNECTIONS

1. Connect the antenna supplied to monitor ANT connector J11 if off air
operation is desired.

2. Connect a dummy load large enough to handle the RF input to DUMMY LOAD
connector J9. A % watt termination is supplied. The input signal sampler
will handle up to 50 watts with an adequate external dummy load, thus
allowing direct measurement of exciters and Tow power transmitters,

DO NOT OPERATE THIS EQUIPMENT WITHOUT AN ADEQUATE DUMMY LOAD INSTALLED.

3. Connect the RF sample to RF IN connector J10.
TB1-4 and TB1-5 are 600 ohm balanced left audio output.

o

5. TBl-6 and TB1-7 are 600 ohm balanced right audio output.
6. TB1-8 1is 600 ohm unbalanced SCA audio (ref. to gnd.)

—~



2-4 REPACKING FOR SHIPMENT
NOTE: WARRANTY MAY BE VOID IF UNIT IS NOT RETURNED IN ORIGINAL PACKING.

NOTE: Before returning a unit for repair or calibration, contact the factory
or your authorized representative for Return Authorization. Attach a tag
showing owner's name and address. A description of the service required
should also be included. Unit must be shipped prepaid and insured for full
value. USE THE ORIGINAL SHIPPING CARTON AND PACKING MATERIAL FOR RE-SHIPMENT.



SECTION 3
OPERATION

3-1 OPERATOR CONTROLS AND INDICATORS (FRONT PANEL)
1. POWER Switch and led A1S1 and AICRI apply line power to unit.
2. CARRIER FREQUENCY thumbwheel Al1S2 sets unit on desired frequency.

3. L.0. UNLOCK Ted A1CRZ
Led lights if local oscillator is unlocked or reference is lost.

4. RF LEVEL leds AICR3 (Hi), ALCR4 (LO), AICR5 (OK)

a. AICR5 (OK) will 1light and AICR4 {LO) will go out when there
is sufficient RF input to allow accurate modulation and signal to noise
measurements. This level will normally be obtained with the antenna
supplied within the 70dBu contour.

b. AICR3 (Hi) will light if an excessive RF sample is applied.
Reduce the RF LEVEL pot on rear panel until ALCR3 extinguishes. AJCR5 (0K)
will remain 1it with Hi RF level since all required monitor functions will
be in specification. However, AM Signal to Noise will not be accurate be-
cause of saturation of the IF amplifier. In addition, when AICR3 (Hi) is
1it, the input mixer is being protected by an input clipper.

5. MUTE Switch Al1S3

a. With MUTE switch in ON position unit will mute all signals
below RF LEVEL OK threshold.

6. COMP Jack AlJl provides a 6Vpp wideband composite signal.

7. DE-EMP AUDIO Jack AlJ2 provides a 6Vp, @ 400Hz signal with 75usec
de-emphasis. NOTE: This signal is NOT filtered to remove 19KHz.

8, TOTAL MODULATION Displays {Yellow)

a. Meter AIM1 in conjunction with MOD METER switch ALS4A provides
total modulation (main, sub and SCA) indication with FCC semi-peak ballistics
switchable to POS or NEG.

b. PEAK MOD thumbwheel Al1S5 and lamp AlDS1 provide a total modula-
ticn peak indicator independent of polarity and settable in 1% increments
from 0 to 199%. This flasher will light from 2 to 4 seconds each time a
peak is detected.

¢. 100% PEAKS PER MINUTE Display AlDSZ2 and RESET/OFF Switch AlSé
provide a count of Sms 100% peaks. The display flashes at a count of 10,
has a maximum count of 19 and resets automatically each minute. RESET over-
rides the automatic reset function and OFF extinguishes the display. This
indication is intended to monitor modulation peaks for Automatic Transmitter
Systems {(ATS) as defined by the FCC in the ATS rules.



d. CAL pushbutton AlS7 provides a total modulation calibrate
.signal. The frequency of this signal is 32KHz. See Section 5 for further
information. NOTE: LO UNLOCK Ted must Tight when CAL is depressed.

9. SCOPE Display (Vector and Spectrum Analyzer)

NOTE: To use these features of the 691 requires an oscilloscope
with X and Y DC Coupled inputs. The bandwidth of the scope need only be a
few hundred kilohertz but it must be DC Coupled on both X and Y inputs.

a. Connect VERT (A1J3) to Scope Y input. Connect HORIZ (A1J4)
to Scope X input. Set both inputs to DC coupled, 0.5 volts/div.

b. To view Stereo Vector pattern, depress VECTOR button on A154B.
Mono modulation will give a vertical line. Any deviation from vertical in-
dicates that the station mono balance is incorrect.

c¢. To use Spectrum Analyzer feature, depress NARROW pushbutton
on Al1S4B. Adjust scope horiz. (X) gain to get full width baseline. Adjust
scope vert {Y) gain to 0.5/div. Display will be centered on frequency de-
termined by CARRIER FREQUENCY switch and will be approximately +120KHz and
10dB/div. Depressing WIDE pushbutton will change dispersion to approximately
+350KHz. NOTE: WIDE position will cause TOTAL MODULATION display to pin
meter and peak flasher if MUTE is OFF.

10. PILOT PRESENT indicator AlDS3 and @ADJ A1R1 indicate the presence
of the 19KHz pilot tone and provide monitor phase calibration in conjunction
with # CAL position of CHANNEL B DISPLAY SELECT. Pilot @ ADJ AIR1 is set
for a null on CHANNEL B meter. This adjustment is accurate even with modu-

lation applied.

11. SCA PRESENT indicator A1DS4 indicates the presence of SCA. The
DEV switch A159 may be set to cause CHANNEL B SCA MOD display to indicate
100% at either 4KHz or 6KHz deviation.

12. FREQ Jack AlJ5 and switch AlS8 provide a convenient output for an
external counter to read station frequency, pilot frequency or SCA frequency.
To read station frequency requires a counter capable of 10.7MHz. First con-
nect the counter to the X0 jack on the rear panel. If the X.0. is not exactly
8.000000MHz, adjust the piston trimmer on the monitor A2 assembly until it
does. See Section 5 for details. Now connect the counter to AlJdS5 and place
Al1S8 to IF position. The counter should read 10.7MHz. If it reads lower,
the station frequency is higher by the same number of hertz. Conversely, if
it reads higher, the station frequency is lower. NOTE: Be sure of the
accuracy of the counter. Also, remove modulation from the carrier when
making this measurement. To measure pilot frequency, place AlS8 in PILOT
position. Frequency read on counter will be 10 times the actual pilot.

This allows a counter with only a one second gate time to read to .1Hz
accuracy. To measure SCA frequency, place AlS8 in SCA position. NOTE:
Remove modultation from SCA when making this measurement.




13. OUTPUT SELECT Switch A1510, AUDIO Jack AlJ6 and SCOPE Jack Ald7
provide distortion measuring outputs and scope cobservation output. Switch
A1S10 in LEFT/CHAN A position provides left deemphasized audio with a cutoff
frequency of 15KHz for stereo distortion measurements at AlJ6 and whatever
is displayed on the CHAANEL A meter at AlJ7 for scope observation. When
AIS10 s in RIGHT/CHAN B position, right audio is provided at AlJ6 and
Channel B signal appears at AlJ7.

14. SCA Audio Jack AlJ8 provides 150usec deemphasized 5KHz bandwidth
SCA audio for distortion measurements.

15. TEST DISPLAYS (CRANNEL A - green) (CHANNEL B - blue) and DISPLAY
SELECT switch AlSI1l

a. DISPLAY SELECT switch controls the signal components to be
displayed.

b. Meters AIM2A and AIM2B in conjunction with +/- switches
A1S13A and A1S13B, MOD; HOLD: AUTO switches Al1S14A and Al1S14B and RANGE
(-dB) readouts AIDS5A and AIDSSB provide two metering displays with a
range of 0 to 133% with FCC ballistics {MOD position) or -70dB to +3dB
with semi VU ballistics (AUTO or HOLD position). These displays may be
switched to + or - indications and may be deemphasized by pushbuttons
A2S15A or A1S15B. NOTE: FM and AM S/N are automatically deemphasized.

¢. PEAK thumbwheels A1S12A and A1S12B and leds AICR6A and A1CR6B
provide a peak indication of the corresponding meter display settable in 1%
increments from 0 to 199%.

3-2  OPERATOR CONTROL AND CONNECTIONS (REAR PANEL)

1. DUMMY LOAD Jack A1J9 - A DUMMY LOAD ADEQUATE FOR THE RF INPUT
SUPPLIED MUST BE INSTALLED AT THIS JACK. A % watt load is supplied with
the unit.

2. RF INPUT Jack Al310 - Transmitter RF sample connects to this jack.

3. CARRIER LEVEL Control AlR2 - This control is used to reduce RF
Input below RF HI threshald.

4. ANT Jack Al1J11 - 75 ohm FM Antenna connects to this jack.

5. X.0. OUT Jack AlJ12 - 8MHz sample from crystal reference oscillator
is available at this jack for measurement purposes.

6. S.A. CENTER Control AIR3 - Control used to center Spectrum Analyzer
display.



7. COMPOSITE EXT INPUT A1J13 - This input allows a composite signal
to be applied directly to the Stereo and SCA circuits of the monitor bypas-
sing the RF demodulator.

8. COMPOSITE EXT LEVEL Control AlR4 - Sets external composite signal
tevel.

9. COMPOSITE Switch AlS16 - This switch must be in INT position to
use RF demodulator. In EXT position signal applied to COMPOSITE EXT INPUT
A1J13 is fed to stereo and SCA circuits.

3-3 MONAURAL MEASUREMENTS
1. Total Modulation

Set the CARRIER FREQUENCY thumbwheel to the desired frequency and
MUTE switch to ON. Verify that L.0. UNLOCK Ted is out and that RF LEVEL
OK led is 1it. Allow a few seconds for the monitor to stabilize on the
frequency selected. Adjust the PEAK MOD thumbwheel to the desired tevel.
The amber PEAK MOD lamp will flash for 2 to 4 seconds each time the modu-
lation exceeds the preset PEAK MOD level in either a positive or negative
direction. The TOTAL MODULATION meter responds to total modulation with
FCC specified ballistics and may be switched to read either positive or
negative modulation with the MOD METER POS or NEG pushbuttons.

NOTE

The Total Peak Mod Flasher and Total Modulation Meter will
only agree if the transmitter is modulated by a low distor-
tion sine wave. Any distortion will cause positive to nega-
tive assymmetry approximately double the amount of the dis-
tortion in percent. Remember that the flasher reads the
highest polarity and that the meter reads the selected
polarity. The difference in readings with program material
is due to many factors such as the amount of audio dynamic
range compression, transmitter overshoot, program assymmetry,
etc.

The 100% PEAKS PER MINUTE readout counts the number of positive or negative

100% peaks occuring within one minute. This counter was designed to show
compliance with FCC ATS rules. Therefore, it counts 5 miilisecond peaks

as per FCC rules 73.342(b)3. However, the required PEAK MOD flasher must

remain 11t for 2 to 4 seconds each time it triggers per FCC rules 73.332(D)4i.
This means that it is possible to get many ATS 5 millisecond peaks during one
flash of the PEAK MOD flasher. Since the ATS rules allow 10 {ten) 100% 5 milli-
second peaks per minute, the readout flashes at 10 and has a maximum count of
18. It automatically resets at one minute intervals and may be manually reset
or turned off with its associated switch.



2. Mono Distortion

Approximately 6V,.. ® 100% @ 400Hz is available for connection to
a high Z distortion meggr at the DE EMP AUDIO jack. This output is
deemphasized 75usec and is NOT filtered to remove 19KHz.

3. FM Signal to Noise / AM Signal to Noise

Remove modulation from the transmitter. Depress FM S/N - AM §/N
DISPLAY SELECT pushbutton. Place CHANNEL A and CHANNEL 8 METER MOD/HOLD/
AUTO switches in AUTO. FM Signal to Noise will be displayed on CHANNEL A
meter and AM Signal to Noise will be displayed on CHANNEL B meter. The
reading will be the algebraic sum of the METER RANGE (-dB) readout and
the associated meter. Note that FM S/N is automatically measured with
75usec deemp in a 50Hz to 15KHz bandwidth. If it is desired to check
for FM noise below S50Hz, e.g. blower vibration, depress DISPLAY SELECT
MAIN-SUB and read CHANNEL A while holding CHANNEL A METER DE EMP - FLAT
pushbutton depressed. Any difference in the noise readings indicates
noise with a frequency component below 50Hz. AM $/N is automatically
measured with 75usec deemp and is accurate as long as the RF LEVEL HI
led is out and RF LEVEL OK led is 1it. The residual noise may be ob-
served with a scope connected to SCOPE jack. The OUTPUT SELECT switch
is then used to route either Channel A or Channel B to the scope.

3-4  STEREQ MEASUREMENTS
1. Left and Right Channel Modulation

Depress DISPLAY SELECT LEFT-RIGHT pushbutton and place METER MOD/

HOLO/AUTO switches in MOD position.  CHANNEL A meter will indicate
left channel meodulation and CHANNEL B meter will indicate right channel
modulation with FCC specified semi-peak ballistics.

A fully modulated left or right stereo signal will indicate 90%.
If pilot is removed, both meters will indicate the same as the
TOTAL MODULATION meter.

If MOD/HOLD/AUTC switches are placed in HOLD position, the ballistics change
to semi-VU and the RANGE {(-dB) readouts will iiluminate. If the METER DE EMP
pushbutton is then depressed, the meter will give an approximate indication
of the loudness perceived at the output of a receiver.

2. Separation

Depress DISPLAY SELECT LEFT-RIGHT pushbutton and place METER MOD/HOLD/
AUTO switches in AUTO position. Apply a fully modulated left or right signal
to the transmitter. The fully modulated channel should vead 90% (-1dB). The
unmodulated channel will autorange to give the separation reading. (Algebraic
sum of the METER RANGE (-dB) and its associated meter -1dB.) NOTE: Be sure
of monitor @ calibration before attempting separation measurements. See 3.4.7.
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3. Left and Right Signal to Noise

Depress DISPLAY SELECT LEFT-RIGHT pushbutton and place METER MOD/
HOLD/AUTO switches in AUTO position. Remove left and right modulation
from transmitter but do not remove pilot. Depress METER DE EMP push-
buttons. Meters will autorange to give signal to noise readings.

4., LlLeft and Right Distortion

High impedance deemphasized audio is available at the LEFT/RIGHT
AUDIO jack for connection to a distortion test set. The signal is
switched between left and right by the QUTPUT SELECT switch.

5. Main Channel (L=+R) and Subchannel (L=-R) Modulation

Depress DISPLAY SELECT MAIN-SUB pushbutton and place METER MOD/HOLD/
AUTO switches in MOD position. A fully modulated L=+R signal will read
90% on CHANNEL A meter and O on CHANNEL B meter. A fully modulated L=-R
signal will read 90% on CHANNEL B meter and 0 on CHANNEL A meter.

6. Crosstalk (Main into Sub and Sub into Main)

Depress DISPLAY SELECT MAIN-SUB pushbutton and place METER MOD/HOLD/
AUTO switches in AUTO position. A fully modulated L=4R or L=-R signal will
indicate 90% (-1dB) on its respective meter. The other meter will autorange
to give the crosstalk reading. (Algebraic sum of METER RANGE (-dB) and its
associated meter -1dB.)

7. Pilot Injection and Monitor Phase Calibration

Depress DISPLAY SELECT PILOT - § CAL pushbutton and place METER
MOD/HOLD/AUTO switches in MOD position. Pilot injection is then read on
the PILOT scale of CHRANNEL A meter. PILOT PRESENT lamp will light at
approximately 3% pilot injection. Monitor Phase Calibration is accomplished
by setting PILOT@ CAL control for a null on CHANNEL B meter. Phase Calibra-
tion may be accomplished accurately while transmitter is being modulated.

8. 38KHz Suppression

Depress DISPLAY SELECT 38KHz - GEN @ pushbutton and place METER MOD/
HOLD/AUTO switches in AUTO position. Modulate the transmitter with a L=-R
signal between 5KHz and 15KHz. CHANNEL A meter will autorange to give
38KHz suppression reading.

8., Stereo Generator Pilot Phase

Check monitor phase calibration according to 3.4.7. Set monitor and
modulation as in 3-4-8 above. Adjust stereo generator phase control for
minimum indication on CHANNEL B meter. This feature allows setting genera-
tor phase without an oscilioscope. ‘



3=5  SCA MEASUREMENTS

NOTE
This monitor is designed and approved only
for use with a 67KHz SCA and 10% SCA injection
as used with stereon.

1. SCA Injection (Unmodulated)

Depress DISPLAY SELECT SCA INJ NARROW-MAIN pushbutton and place METER
MOD/HOLD/AUTO switches in MOD position. CHANNEL A meter will read SCA in-
jection on the PILOT scale through an FCC specified narrow filter. The SCA
must be unmodulated for an accurate reading. The SCA PRESENT lamp will Tight
at approximately 3% injection. Main channel 0 - 15KHz modulation will be dis-
played on the CHANNEL B meter.

2. SCA Injection {Modulated)

Depress DISPLAY SELECT SCA INJ WIDE-SCA MOD pushbutton and place
METER MOD/HOLD/AUTO switches in MOD position. CHANNEL A meter will read SCA
Injection on the PILOT scale through a wide filter. This filter allows in-
jection to be monitored while modulating the SCA. '

3. SCA Modulation

Set monitor up as in 3-5-2 above. Place SCA DEV switch in 4KHz or
6KHz position as desired. This sets the deviation for 100%. CHANNEL B
meter will indicate SCA Modulation with FCC semi-peak ballistics.

4, SCA Distortion

High impedance 150usec deemphasized SCA audio is available at the
SCA AUDIO jack for conmection to a distortion test set,

5. SCA Signal to Noise

Depress DISPLAY SELECT SCA INJ WIDE-SCA MOD pushbutton and place
CHANNEL B METER MOD/HOLD/AUTO switch in AUTO position. Modulated the
transmitter with a unmodulated SCA. Depress CHANNEL B METER DE EMP push-
button. Meter will autorange to give noise reading. Reading will be made
with 150usec deemphasis.




SECTION 4
THEORY OF OPERATION

4-1  GENERAL

The monitor is basically a specialized FM superhet receiver. It has
been specifically designed to operate in a high RF environment and as such
does not have an RF preamplifier. It has also been designed with a wide
IF filter in order to meet FCC requirements for FM modulation monitors.
Because of these restraints it is neither as sensitive nor as selective as
a normal FM receiver, However, it will operate in close proximity to antenna
farms and master antennas without the intermodulation and overioad problems
normally encountered in these areas.

Unlike other monitors/RF amplifier systems, the signal path in the
691 is the same whether the monitor is driven from the transmitter or off-
air. The only difference is a -40dB signal sampler when driven from the
transmitter input (RF IN} port. This means that there is no signal degra-
dation when used off-air above the mute level. This level is set for use
within the 70dBu contour with the antenna provided. '

Refer to Block Diagram 6912001. RF signal is fed to either the Antenna
or RF inputs. The signal then passes through the voltage tuned image rejec-
tion board (Al13) then to the A4 receiver assembly. The output of the phase
locked 1st Local Oscillator is also fed to the A4 assembly producing a 10.7MHz
IF. The L.0. phase lock loop circuitry is located on the A2 assembly. The
10.7MHz IF is filtered, demodulated, and the resulting composite signal is
amplified and fed to the various filtering, stereo and SCA demodulation and
metering circuitry required. A portion of the 10.7MHz IF is also fed to a
mixer along with a swept 2nd L.0. operating at 10.255MHz + 120KHz. The re-
sulting 455KHz + 120KHz is filtered by a ceramic filter, fed to a logarithmic
amplifier, demodulated and used to provide a spectrum analyzer presentation
on an X-Y oscilloscope.

4-2 DETAIL CIRCUIT DESCRIPTION
1. Al (Chassis) Assembly

The chassis assembly contains the power supplies (+12V, -12V, +5V),
filter, 1st L.0., meters, indicators and controls. The power supplies are
regulated by three terminal regulators.

2. A2 (PLL and Total Meter Driver) Assembly

The output of a high stability crystal reference oscillator (Y1, Q10,
Ql1) is divided down to 5KHz. A sample of the 1st L.0. is fed to Q9 and
then to a programmmable divider. The CARRIER FREQUENCY thumbwheel programs
the divider so that when the L.0. is 10.7MHz above the thumbwheel setting,
the divider output is 5KHz. The reference signal and the programmable sig-
nal are compared in phase and the resultant error voltage is filtered by
active filter Ul5 and U16 and then fed to the AFC port of the lst L.0. UIl2
-1s used to light the L.0. UNLOCK led if lock or reference is lost. Ull is
used to generate the 32KHz pulse for the calibrate function.



U17 and U18 and the Total PEAK MOD thumbwheel form a precision positive
and negative reference for the modulation peak comparators U20. R83 and R86
provide reference for the 100% PEAKS PER MINUTE comparators. Composite signal
from the A4 assembly is also fed to these comparators.

The outputs of these comparators are fed to one shots of 2 to 4 seconds
in the case of PEAK MOD and 5 milliseconds in the case of the 100% PEAKS PER
MINUTE. The 100% PPM one shot drives a counter made up of U22, U23 and U24.
This counter is reset every minute by a pulse derived from the A3 assembly.

Composite signal is also fed through the TOTAL METER POS and NEG
switches to the total meter driver circuit, Ul3, Ul4 and associated circuitry.

3. A3 (Dual Average Voltmeter) Assembly

This board contains two identical voltmeter circuits, one for Channel A
Display, one for Channel B Display plus the reset generator {U10) and decoder
driver (U11l, U12, U13) for the 100% PEAKS PER MINUTE display.

Channel A designators are in units; Channel B designators are in hundreds.
Al and Ul along with their associated PEAK thumbwheel are used to drive the
TEST DISPLAY PEAK led. Signal compornents selected by the DISPLAY SELECT push-
buttons and the METER +/- switch are amplified or inverted by U2 and fed to a
combination attenuator-amplifier. This combination provides gain in 10dB
steps from 0 dB to 50 dB. The action is as follows:

RANGE ATTEN AMP
0dB -30d8 +30dB
-10dB -20dB +30dB
-20dB ~10dB +30dB
-30dB 0dB +30dB
-40dB -10dB +50dB
~-50dB 0d8 +50dB

The range changes are accomplished by the outputs of up-down counter
U6 being used to clamp the appropriate resistors to ground through U3. A
sample of the attenuator-amplifier output is fed to comparator U8. The
output of U8 in conjunction with gates U5, U6, and U7 then drives U6 up or
down to the required range.

The output of the attenuator-amplifier is then peak detected by Q7
and fed to meter driver U9. Q9 is used to change ballistics from FCC to
VU as required.

4. A4 (Receiver) Assembly

Q1 and associated circuitry buffer and filter the output of the Ist
L.0. (fc + 10.7MHz). This signal and the incoming RF are mixed in balanced



mixer Z1 to produce the 10.7MHz IF. This IF signal is amplified by U1,
filtered and applied to U2 which is an FM IF Amplifier and Demodulator
System. The demodulated composite output of U2 is amplified by Q4 and
Q5 and filtered by a low overshoot, phase compensated low pass filter.
Either the output of this filter or the composite input from the rear
panel is supplied to composite driver amplifier Q8, Q9, Q10, Q11 and
Q12. The output of this amplifier is 6Vpp € 100% and is used to drive
the stereo and SCA monitoring circuits.

Q6 and filter C54, L16 and (55 convert a 32KHz pulse from the A2
assembly to a 32KHz sine wave which is used to FM a 10.7MHz oscillator
(Q7 and associated circuitry) when the CAL pushbutton is depressed. This
signal is coupled to the IF amplifier and used to provide the monitor
calibrate signal.

The RF signal level voltage at U2 pin 13 is fed to voltage comparator
circuit U3. The outputs of this IC are used to mute the monitor and also
drive the RF LEVEL L.0. and 0K leds.

The 10.7MHz signal from the IF filter FLI is also fed to mixer 72
through buffer Q2. There it is mixed with the output of 2nd L.C. (13
and Q14. This L.0. is frequency swept by a sawtooth generator made up
of CR14, Q16 and U6. The output of the sawtooth generator is also used
to sweep the 1st L.0. in SPECTRUM ANALYZER WIDE mode through Q15. The
455KHz output of mixer 72 is fed through buffer Q17 and Q18 to the
spectrum analyzer filter and logarithmic amplifier U4 and associated
circuitry. The output of the log amp is AM demodulated and fed through
active filter U5 to the SCOPE VERT jack and the AM Noise measurement
circuit.

5. A5 (Stereo Demodulator) Assembly

Composite signal is fed to Ql which drives the pilot filter. The
filtered 19KHz is squared by U3 after passing through the phase adjust
circuit composed of Q3, Q4 and the front panel PILOT @ CAL control. The
19KHz square wave is used to lock PLL U4. The output of U4 is nominally
190KHz, This signal is divided down to provide square waves of 38KHz @
00, 38KHz @ 1800, 38KHz @ 900 and 19KHz @ 809. These signals are used to
demodulated left and right and alsoc to provide GEN § calibration and PILOT
@ calibration signals. Stereo demodulation is accomplished by choppers
Q10 and Q11 and the resulting left and right signals are amplified by Q12
through Q17. The output of these amplifiers is filtered and used to feed
the DISPLAY SELECT switch and also audio output amplifiers U10, Ul3 and
(119 through Q22. Left and right audio is added in Ull to produce the
vertical channel for the vector display and subtracted in Ul2 to produce
the horizontal channel for the vecior display.

Choppers Q7 and Q8 are fed a 19KHz square wave at 90° along with
composite signal. The action of these choppers and U2 produces the
PILOT 8 null indication.



Transistor Q18 is used to couple 38KHz @ 90° into the Subchannel
filter to produce the GEN @ indication.

CR1, CR2, Ul and Q6 provide the Pilot Present Lamp threshold detect
functions. '

6. AB (SCA) Assembly

The Composite signal is buffered by Q1 and fed to the dual 67KHz
filter. One section of this filter has a bandwidth approximately 1KHz
and fulfills the FCC specification for exact measurement of SCA injection.
The output of this filter section 1s buffered by Q2 and fed to the DISPLAY
SELECT switch. The other section of this filter has a wide bandwidth to
allow injection measurements under modulation and also to prevent unwanted
composite signal components from reaching the SCA demodulator. U2 is a
phase locked Toop demodulator. The audio output is buffered by Q6, filtered
and amplified by Ul and U4. Q3 changes the 100% deviation point from 4KHz
to 6KHz depending upon the front panel SCA DEV switch.

U3 determines SCA presence and also drives the SCA frequency output.
Q7 mutes SCA audio if the SCA is lost. Q8 and Q9 drive the SCA PRESENT

lamp.
7. A1l (Display Select Switch) Assembly

This seven station pushbutton selects the signal component to be
displayed. Ul and associated circuitry form a high pass active filter
with a lTow frequency cutoff of 50Hz used to feed the FM S/N position.
L1 is a 19KHz filter that smoothes the PILOT @ CAL null indication.



SECTION 5
ALIGNMENT AND TROUBLESHOOTING

5-1 EQUIPMENT REQUIRED BUT NOT SUPPLIED

NOTE:

5-2

1.

oo~ O

Oscilloscope, DC coupled, triggered, dual trace, horizontal input
min, 10 MHz BW.

Digital Voltmeter

Audio Generator

Frequency Counter

Stereo Generator

SCA Generator

FM Signal Generator with Calibrated RF Attenuator
Distortion Analyzer

Assorted Cables and hand tools.

DO NOT ATTEMPT TROUBLESHOOTING AND ALIGNMENT OF THIS UNIT WITHOUT
ADEQUATE TOOLS AND TEST EQUIPMENT.

Before starting alignment of this unit, verify that the three supply
voltages are present and correct.

PLL AND TOTAL METER ALIGNMENT (A2 Assembly)

1.
2.
3.

Place MOD PEAK Thumbwheel (A1S5) to 100.

Measure voltage at A2U17-6 (TP1}, this voltage should be +3.00V To1sy
Measure voltage at A2U18-6 {TP2). Adjust AZ2R69 until this voltage
has the same magnitude but opposite polarity of step 5-2 (2)

Measure voltage on center arm of A2RB3. Adjust A2R83 until its
voltage is 30mv higher than that in step 5-2 (2) (+3.03V}.

Measure voltage on center arm of A2R86. Adjust A2RB6 until its
voltage is 30mv lower than that in step 5-2 (3) (-3.03V).

Depress NEG button on A1S4A.
Adjust A2R115 until TOTAL MOD meter (AIM1) is zeroed.
Apply a 400 Hz, 4Vp-p sine wave to COMP IN (A1J13).



9. Place INT-EXT switch (A1S516) in EXT position.

10. Adjust COMP LEVEL (A1R4) until MOD PEAK lamp (A1DS1) just
lights at 100%.

11. Turn PPM readout switch (A156) to on. PPM readout should
read "00". Set MOD PEAK thumbwheel to 101%. Increase audio
slightly, PPM readout should count to “19" before MOD PEAK
lamp Tights at 101%.

12. Set audio level until MOD PEAK lamp just lights at 100%.

13. Adjust A2R99 until TOTAL MOD meter (AIM1) reads 100%.

14. Depress POS button on AIS4A.

15. Adjust A2R104 until TOTAL MOD meter {AIM1) reads 100%.

16. Connect a frequency counter to X.0. OUT (A1J12).

17. Adjust A2C16 until the frequency is exactly 8.000000 MHz.

NOTE: This will set the L.0. exactly 10.7 MHz above the
indication on the CARRIER FREQ. thumbwheel (A152).

NOTE: The crystal used in the 691 Modulation Monitor is a
high agcuracy crystal with stability of 2.5 PPM from
0 - 60°C.
5-3 DUAL AVERAGE VOLTMETER ALIGNMENT (A3 Assembly)
1. Calibrate PLL and Tota) Meter (Section 5-2)
2. Preliminary set up:
a. Place thumbwheels A1S12A and A1S12B to 100%.
b. Place +,- switches (A1S13A and A1S13B) in - position.
c. Place MOD-HOLD-AUTO switches (A1S14A and Al1S14B) in MOD Position
d. Depress MAIN, SUB button on DISPLAY SELECT switch {A1S11).
3. Rempve audio input from the monitor.
4. Adjust A3R74 until CH.A meter (AIMZ2A) zeroes.
5. Adjust A3R174 until CH.B meter (AlM2B) zeroes.

6. Apply 400 Hz audio input until MOD PEAK Tamp (A1DS1) just
tights at 100%.

7. Adjust MAIN filter control (A1R15) until CH.A PEAK led just lights.



10.
11.
12.

13.

14.

15.
16.
17.
18.
19.

20.

- 21,
22.

Adjust A3R73 until CH.A meter (AIM2A) reads 100%.

Place +,- switch (A1S13A) in + position.

Adjust A3R25 until CH.A meter {AI1M2A) reads 100%.

Place MOD-HOLD-AUTO switch (A1S14A) in AUTO position.

Reduce input level until CH.A meter auto-ranges. AVM display
(AIDS5A) will read 10. Increase input level until CH.A meter
auto-ranges up. AVM display (A1DS5A) will read 00. Adjust
A3R60 until CH.A meter (AIM2A) auto-ranges at approximately
-15 dB and +1.5 dB.

Increase input frequency to 40 KHz. Adjust input level
until MOD PEAK Tight (A1DS1) just lights.

Adjust SUB filter control (AI1R13) unti) CH.B PEAK led just
lTights.

Adjust A3R173 until CH.B meter (AIM2B) reads 100%.
Place +,- switch (A1S13B) in + position.

Adjust A3R125 until CH.B meter (AIM2B)} reads 100%.
Place MOD-HOLD-AUTO switch (A1S14B) in AUTO position.

Repeat step 12 of this section. Adjust A3R160 for auto range
set point.

Set input frequency to exactly 38000 Hz. Adjust input level
until MOD PEAK light (A1DS1) just lights.

Depress 38K, GEN@ button on DISPLAY SELECT switch (A1S11).

Adjust 38K filter control (AIR14) until CH.A PEAK led just
lights at 100%. CH.A meter should read 100%.

5-4 STEREO DEMODULATOR ALIGNMENT (A5 Assembly)

1.

Complete alignment of A2 assembly (Section 5-2) and 43 assembly
(Section 5-3).

Apply an input signal of 19000 Hz. Adjust input level! until
MOD PEAK lamp just lights at 100%.

Reduce input level by exactly 20 dB.
Depress PILOT LEVEL, § CAL button on DISPLAY SELECT switch (A1S1l).
Adjust A5R4 until CH.A meter reads 100% (10% on pilot scale).



10.
11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

21.

Connect a cable from COMP output (AlJ1) to CH.1 of your
oscilloscope. Using a probe, display 38 KHz square wave
located at A5, CR 6 or 8 on CH.2 of your scope. Trigger
scope on CH.1.

Adjust ASC27 until 38 KHz signal locks to 19 KHz input. CH.2
on scope will be exactly double the frequency of CH.I.

Reduce input level to 4%. Adjust ASR108 until PILOT lamp A5DS3
just Tights at this point.

Remove audio from COMP IN (AlJ13). Connect your Stereo
Generator to COMP IN (A1J13). Adjust COMP LEVEL (AIR4) until
pilot level reads 10%.

Phase Cal. the monitor (Section 3-4 (7)).

Modulate the left channel only of the stereoc generator with a
400 Hz tone. Adjust this tone until the MOD PEAK lamp just
lights at 100%.

NOTE: Due to the complex waveshape of a stereoc signal, the
TOTAL MOD meter (AIM1} will not read 100%. With a
left or right only signal, the TOTAL MOD meter will
read about 96%.

Set up monitor for stereo separation measurements (Section 3-4
{1) and (2)).

Adjust LEFT filter control (A1R8) until CH.A meter {A1M2A)
reads 90%.

Generate a signal in the right channel of the stereo generator
exactly 40 dB below the signal in the left channel.

Adjust ASR67 until CH.B meter reads 40 dB.

Repeat steps 11 through 15 with a full amplitude signal in the
right channel of the stereo generator. Adjust RIGHT filter
control (AIR7) in step 13. Adjust ABR56 in step 15.

Modulate the stereoc generators LEFT and RIGHT channels with
400 Hz in phase. This will produce a L + R signal.

Set up scope display for VECTOR operation (Section 3-1 (9)}).
Adjust A5RI01 for a straight vertical 1ine on your scope.

Change the phase of one of the input of the stereo generator.
This will produce an L - R signal.

Adjust A5R103 for a straight horizontal line on the scope.



5-5 SCA DEMODULATOR ALIGNMENT (A6 Assembly)

1.

10.

11,

12.

13.

14.

Complete alignment of A2 assembly (Section 5-2) and A3 assembly
{Section 5-3).

Apply an input signal of 67000 Hz into the COMP IN (A1J13).
Adjust input level unttl MOD PEAK lamp just 1ights at 100%. .

Reduce input level by exactly 20 dB.

%epres§ SCA INJ. NARROW, MAIN button on DISPLAY SELECT switch
AlS11). ’

Adjust A6R9 until CH.A meter (AIM2A) reads 100%. This is equal
to 10% SCA injection.

Depress SCA INJ. WIDE, SCA MOD button on DISPLAY SELECT
switch (A1S11)}.

Adjust A6R25 until CH.A meter (AIM2A) reads 100%. This is
equal to 10% SCA injection.

Connect a scope probe to A6U2-9. Adjust A6R33 until signal on
A6U2-9 locks onto incoming 67 KHz.

Reduce SCA injection to 3%. Adjust A6R39 until SCA PRESENT lamp
(AIDS4) just lights.

Connect your SCA generator to the COMP IN (A1013). Adjust COMP
LEVEL (A1R4) for 10% injection.

Depress SCA INJ. NARROW, MAIN button on DISPLAY SELECT switch
(A1S11). Place DEV switch (A1S9) in 4 KHz position.

Modulate the SCA generator with a frequency of 1660 Hz. Increase
the audio input until the CH.A meter (AIM2A) nulls for the first
time. NOTE: This is a Bessel null function for 4KHz deviation.

?epres§ SCA INJ. WIDE, SCA MOD button on DISPLAY SELECT switch
AlS11).

Adjust A6R15 until CH.B meter (AIMZB) reads 100%.

5-6 RECEIVER ALIGNMENT (A4 Assembly)

1.

Complete alignment of A2 assembly (Section 5-2), A3 assembly
(Section 5-3), A5 assembly (Section 5-4), and A& assembly
(Section 5-5).

LOG AMP ALIGNMENT

a. Put probe from DC coupled scope on AdUB-6.



Depress LEFT, RIGHT button on DISPLAY SELECT switch (A1S11).
Depress NARROW button on switch A1S4B.

Adjust A4R399 until positive peak of sawtooth wave is 3
volts above ground.

Adjust A4R108 until negative peak of sawtooth is 3 volts
below ground.

Touch up either A4R9% or A4R108 until the peak to peak
voltage of the sawtooth wave is symetrical around ground.

Attach a frequency counter to the junction of A4C88 and A4ZZ.
Adjust A4L18 for 11.145 MHz.

Set CARRIER FREQUENCY thumbwheel (A1S2) to the frequency
you will use with your FM Signal Generator for RF Calibration.

Connect 691 Monitor for Spectrum Analyzer display
{Section 3-1 (9)).

Connect FM Signal Generator to ANT input (AlJ11). Set
frequency of generator to that shown on the CARRIER
FREQUENCY thumbwheel (A1S2}. Modulate the Signal Generator
with a 120 KHz tone at approximately 75 KHz deviation.

Adjust A4R97 until the 120 XHz sideband appear near the
edge of the scope display,

Adjust A4C30 to peak Spectrum Analyzer display.

Depress WIDE button on switch AIS4B. Increase modulating
frequency to about 300 KHz. Adjust A4R114 and A4R110 (if
necessary) until 300 KHz sideband appear near the edge of
the scope display.

DEMODULATOR AL IGNMENT

a.

Connect 691 Monitor for Spectrum Analyzer display
{Section 3-1 (9)).

Connect FM Signal Generator to ANT input (AlJ11).
Set frequency of generator to that shown on the CARRIER
FREQUENCY thumbwheel (A1S52).

Modulate the signal generator with an audio tone of
13586 Hz. Increase the level of the tone until the
carrier nulls for the second time. At this point the
signal generator is deviating exactly 75 KHz (100%}.

Adjust A4R121 until MOD PEAK lamp lights at 100%.

Reduce audio tone frequency to 400 Hz. Adjust level for
100% modulation.



Connect your Distortion Analyzer to DE EMP output (AlJZ2).
Adjust A4C38 and A4C40 for minimum distortion.
Recheck steps ¢ and d if necessary,

Depress CAL button AlS7. Adjust A4L17 until carrier of
calibrate oscillator appears centered on the Spectrum
Analyzer display.

Adjust A4R35 and A4L16 until the carrier is in its deepest
null. This will be a modulation percentage of 102.7%.

NOTE: Due to some distortion when filtering a square
wave, some positive to negative assymetry will
be noted.



SECTION 6
PARTS LIST



Ref. Des.

Al1C1
Al1CZ
AlC3
AlC4
Al1CS
Al1C6
Al1C7
AlICS
* AICS
* A1C10
* A1C11
AlC12
AlIC13
AlC14
AIC1S

AICR1
A1CRZ
AICR3
AICR4
A1CRS
AICR6A, AICR6B
ALCR7
AICRS

AIDSY
Al1DS2
A1DS3
Al1DS4
A1DSSA, A1DSSB

AlF1
AlFL1

AlFL2
A1FL3

Parts List

Chassis Assembly Al

Descrigtion

QEI Part No.

Cap., Cer., .0luf @ 1KV
Cap., Cer., .0luf @ 1KV
Cap., Elect., 5000uf
Cap., Elect., 5000uf
Cap., Poly, .0Lluf

Cap., Poly, .0luf

Cap., Poly, .0luf

Cap., Mica, 1000pf
Cap., Selected

Cap., Mica, 120pf

Cap., Mica, 300pf

Cap., Elect., 5000uf
Cap., Elect., 5000uf
Cap., Cer., .luf

Cap., Elect., 100uf

Diode, LED, Green
Diode, LED, Red
Dicde, LED, Red
Diode, LED, Yellow
Diode, LED, Green
Diode, LED, Red

Diode, Bridge Rect.
Diode, Bridge Rect.

Amber Lens
Display, LED (Part
Green Lens
Blue Lens
Display, LED (Part

Fuse, 1 Amp

Filter, Left-Right
Filter, L+R, 38KHz
Filter, L-R

of A9 Ass'y)

of A1Q Ass'y)

* Indicates factory selected - nominal value shown

110-0103-K
110-0103-K
110-3508-25
110-3508-25
110-4103
110-4103
110-4103
110-1102

&
110-1121 *
110-1301 *
110-3508-25
110-3508-25
110-0104
110-3107

113-3001
113-3000
113-3060
113-3002
113-3001
113-3000
113-1960-1
113-1960-1

192-0007
192-0008
192-0006
320-0002
“15K1.2A/B

L15K1.2B38K4
BZ553K6A



Ref. Des,

AlJ1
AlJ2
A1J3
AlJ4
ALJS
AlJ6
ALJ7
A1J8
AlJS
A1J10
AlJ1il
AlJ12
AlJ13
AlJ14

AlIM1
AIMZA
A1MZB

AlIR1
A1R2
A1R3
AIR4
ALRS
AlLRS
AIR7
ARS8
AIRS
AIR1O
AlR11
AlR12
AIR13
AlR14
Al1R1S
ALR16
AlR17
AlIR1S8
AIR19
AIR20
AlR21
AlR22
AlR23

Parts List

Chassis Assembly Al (Cont'd)

Description

Connector, BNC
Connector, BNC
Connector, BNC
Connector, BNC
Connector, BNC
Connector, BNC
Connector, BNC
Connector, BNC
Connector, BNC
Connector, BNC
Connector, F type
Connector, BNC
Connector, BNC
Connector, BNC

Meter, Modulation
Meter, Modulation/Pilot
Meter, Modulation

QEI Part No.

130-0001
130-0001
130-0001
130-0001
130-0001
130-0001
130-0001
136-0001
130-0001
1306-0001
130-067024
130-0001
130-0001
130-0001

145-0002
145-0005
145-0002

Res., Var., 1K, 2W

Res., Var., 100 Chm, 2%
Res., Var., 10K, 2W

Res., Var., 5K, 2W

Res., Carb., 4.7K, 4W, 5%
Res., Carb., 10K, %W, 5%
Res., Var., 250 Chm

Res., Var., 250 Ohm

Res., Carb., 2.2X, kW, 5%
Res., Carb., 2.2K, 4W, 5%
Res., Carb., 1.2K, %W, 5%
Res., Carb., 620 Ohm, %W, 5%
Res., Var., 250 Ohm

Res., Var., 250 Ohm 3

Res., Var., 250 Ohm

Res., Carb., 350 Ohm, %W, 5%
Res., Carb., 390 Ohm, LW, 5%
Res., Carb., 330 Ohm, LW, 5%
Res., Neg. Temp. Coefficient
Res., Neg. Temp. Coefficient
Res., Neg. Temp. Coefficient
Res., Carb., 620 Ohm, 4W, S%
Res., Carb., 100 Ohm, %W, 5%

RV4ANAYSD10ZA
RV4ALAYSD101A
RV4LAYSD103A
RV4ALAYSDSOZA
RC20GF472J
RC20GF103J
167-0251
167-0251
RC20GF222J
RC20GF222J
RC20GF122J
RC20GF621J
167-0251
167-0251
167-0251
RC20GF391J
RC20GF391J
RC20GF331J
168-0001
168-0001
168-0001
RC20GF621J
RCZ0GF101J

S



Ref. Des,.

A1S1

A1S2

A1S3

A1S4A, A1S4B
A1SS

A1S6

A1S7

A158

A1S9

A1S10

A1S11

A1S12A, A1512B
A1S13A, AISL3B
A1S14A, A1514B
A1515A, A1515B
A1516

AlT1
ALIT2
ALT3

AlUl
AlUZ
AlU3

AIXDS1
A1XDS3
AlXDS4

AlXF1

Parts List

Chassis Assembly Al (Cont'd)

Descrigticn

Switch, SPDT

Switch, Thumbwheel

Switch, SPDT

Switch, (Part of Al2 Ass'y)
Switch, Thumbwheel

Switch, 3 pos. on-off-Momentary
Switch, P.B. Momentary
Switch, DPDT

Switch, SPDT

Switch, DPDT

Switch, (Part of All Ass'y)
Switch, Thumbwheel

Switch, DPDT

Switch, 3 pos., on-off-on
Switch, P.B. Momentary
Switch, SPDT

Transformer, Power
Transformer, Audio
Transformer, Audio

IC, 5 Volt Reg.
1C, +12 Volt Reg.
IC, -12 Volt Reg.

Lamp Socket
Lamp Socket
Lamp Socket

Fuse Holder

QEI Part No.

175-0012-F
175-0010
175-0012-F

175-0010
175-0013-F
175-006089
175-0014-F
175-0012-F
175-0011-F

175-0010
175-0011-F
175-0015-F
175-0009
175-0012-F

180-3140/A
180-2001
180-2001

182-323K
182-340T-12
182-3207

192-0001
192-0001
192-0001

163-0001



Re f.

A2

A2C1
A2C2
A2C3
A2C4
A2CS5
AZ2CE
A2C7
A2C8
A2C9
AZC10
A2C11
A2C12
AZ2C13
A2C14
* AZC1S
A2C16
A2C17

Des .

Az2C18

Az2C18
A2C10
A2C21
Az2C22
AZ2C23
A2C24
A2C25
AZC26
A2C27
A2C28
A2C28
AZC30
A2C31
A2C32

% % & %k

AZCR1
AZCRZ
A2CR3

PLL and Total

Parts List

Meter Driver

Description

Assembly, P.C.

Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cayp
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.

-
L e . T T T T e . S )

Diode,
Diode,
Diode,

Mica, 470pf
Cer., .0luf

Cer., .001uf
Cer., .00luf
Cer., .01uf
Cer., .05uf
Mica, 620pf
Cer., .luf
Cer., .001luf
Tant., .22uf
Tant., .47uf

Mica, 470pf
Mica, 470pf
Mica, 1000pf
Mica, 27pf
Var., 1-10pf
Mica, 470pf
Mica, 470pf

Cer., .luf
Cer., .001uf
Tant., .22uf

Elect., 5uf
Elect., 100uf
Tant., .22uf
Elect., 5Suf
Elect., 100uf
Mica, 250pf
Mica, 15pf
Tant., .37 uf
Tant., 2.2uf
Cer., .01uf
Elect., Suf

Silicon
Cermanium
Silicon

* Indicates factory selected - nominal value shown

Assembly A2

QEIl Part No.

691002

110-1471
110-0103
110-0102
110-0102
110-0103
110-0503
110-1621
110-0104
110-0102
110-3224
110-3474
110-1471
110-1471
110-1102
110-1270 "
110-6110
110-1471
110-1471
110-0104
110-0102
110-3224
110-3505
110-3107
110-3224
110-3505
110-3107
110-1251
110-1150
110-3474
110-3225
110-0103
110-3505

« % * #®

113-04446
113-0034

113-04446



Parts List
PLL and Total Meter Driver Assembly A2 (Cont'd)

Ref. Des. Description QEI Part No.
A2Q1 Transistor, NPN 160-05179
42Q2 Transistor, NPN 160-04401
AZQ3 Transistor, NPN 160-04401
A2Q4 Transistor, NPN 160-04401
A2Q5 Transistor, NPHN 160-04401
A2Q6 Transistor, NPN 160-04401
A2Q7 Transistor, FET 160-13819
A2Q8 Transistor, NPKN 160-04401
AZ2Q9 Transistor, NPN 160-05179
AZ2Q10 Transistor, NPN 160-04401
A2Ql1 Transistor, NPN 160-04401
A2Q12 Transistor, NPN ~ 160-04401
AZ2Q13 Transistor, NPN 160-04401
AZQl4 Transistor, NPN 160-04401
A2Q15 Transistor, NPN 160-04401
AlQ1lé Transistor, NPN 160-04401
AZR1 Res., Carb., 1K, 4W, 5% RCO7GF102J
A2R2 Res., Carb., 1K, %4W, 5% RCOT7GF102J
AZ2R3 Res., Carb., 1K, LW, 5% RCO7GF102J
A2R4 Res.,, Carb., 1K, %W, 5% RCO7GF102J
A2RS Res., Caxrb., 1K, 4W, 5% RCO7GF1021
AZR6 Res., Carb., 1K, %W, 5% RCO7GF102J
AZ2R7 Res., Carb., 1K, %W, 5% RCO7GF102J
A2R8 Res., Carxb,, 1K, 4W, 5% RCO7GF102J
A2RS Res., Carb., 1K, %W, 5% RCO7GF102)
AZR10 Res., Carb., 4.7K, %W, 5% RCO7GF4723
A2R11 Res., Carb., 100 Ohm, LW, 5% RC20GF101J
AZR12 Res., Carb., 3.3K, %W, 5% RC20GF332J
AZ2R13 Res., Carb., 330 Ohm, %W, 5% RC20G6F331J
AZR14 Res., Carb., 390 Ohm, %W, 5% RC20GF391J
A2R15 Res., Carb., 270 Ohm, LW, 5% RC20GF271J
A2R16 Res., Carb., 270 Ohm, %W, S% RC20GF271J3
A2R17 Res., Carb., 620 Ohm, %W, 5% RC20GF621J
A2R1S8 Res., Carb., 1.5K, %W, 5% RC20GF152J
A2ZR19 Res., Carb,., 1.5K, LW, 5% RC20GF152J
A2R20 Res., Carb., 33K, LW, 5% RC20GF333J
A2R21 Res., Carb., 33K, %W, 5% RC20GF33 3J
A2RZ2 Res., Carb., 56K, %W, 5% RC20GF563J *
* A2R23 Res., Carb., 150K, %W, 5% RC20GF154J *
AZR24 Res., Carb., 33K, %W, 5% RCZOGF333J
A2R25 Res., Carb., 33K, %W, 5% RC20GF333J

* Indicates factory selected - nominal value shown



Ref. Des.

A2R26
A2ZR27
A2R28
A2R29
A2R30
* A2R31
AZR32
A2R33
AZR34
AZR35
A2R36
AZR37
AZR38
AZR39
AZR490
A2R41
AZR42
AZR43
AZR44
AZR45
A2R46
A2R47
A2R48
AZR49
A2ZRS50
A2R51
A2R52
A2R53
A2R54
A2R55
AZ2R36
AZRS7
A2R58
A2R59
AZR6C
AZRG1
A2R62
AZR63
AZR64
A2R6S
A2R66
A2R67
A2R68
AZRGG
A2R70
AZ2R71
A2R72

Res.
Res .
Res.
Res.
Res.
Res.
Res.
Res.
Res .
Res .
Res,
Res .
Res.
Res.
Res.
Res.
Res.
Res.
Res .
Res .
Res .,
Res .
Res,
Res .,
Res.
Res .
Res.
Res.
Res .
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res .
Res .
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Parts List

Description

Carb., 10K, LW,
Carb., 4.7K, %W,
Carb., 4.7K, %W,
Carb., 15K, S’EW)
Carb., 4.7K, kW,
Carb., 100K, %W,
Carb., 3.3K, LW,
Carb., 3.3K, LW,
Carb., 3.3K, LW,
Carb., 10K, kW,
Carb., 1.2K, LW,
Carb., 330K, %,
Carh., 33K, LW,
Carb., 4.7K, kW,
Carb., 4.7K, %W,
Carb., 1.5K, &LW,
Carb., 510 Ohm,
Carbd., 100 Ohm,
Carb., 220 Ohnm,
Carb., 10K, LW,
Carb., 33K, LW,
Carb., 330 Ohm,
Carb., 120 Ohm,
Carb., 470 Ohm,
Carb., 1.5K, kW,
Carb., 4.7K, %W,
Carb., 10K, kW,
Carb., 4.7K, kLW,
Carb., 15K, %W,
Carb., 33K, %W,
Carb., 4.7K, %W,

Film, 2.0 K, %W,
Film, 2.49K, 4W,
Film, 4.99K, 4¥,
Film, 10.0K, %W,
Film, 20.0K, %W,
Film, 25.0K, 4W,
Film, 49.9K, %W,

Film, 100.0K, %W,
Film, 200.0K, %W,

5%
5%
5%

5%
5%
S%
5%
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Film, 499 Ohm, %W,
Carb., 1K, LW, 5%

Carb., 4.7K, %W,

Var., 10K, %W, 5%

Film, S5.L1K, 4W,

5%

1%

Film, 311K, %W, 1%
Carb., 1K, %W, 5%

* Indicates factory selected - nominal value shown

PLL and Total Meter Driver Assembly A2 (Cont'd)

%
%
1%

QEI Part No.

RC20GF103J
RCO7GF472J
RC20GF472J
RC20GF153J
RC20GF472J
RC20GF104J *
RC20GF332J
RC20GF332]
RC20GF332J
RC20GF103J
RC20GF 1229
RC20GF334J
RC20GF333J
RC20GF472J
RCZ0GF472J
RC20GF152J
RC20GF511J
RC20CGF101J
RCZ0GF221J
RCZOGF103J ”\,
RC20GF333J
RC20GF331J
RC20GF121J
RC20GF471J
RC20GF152J
RC20GF472J
RC20GF103J
RC20GF472J
RCZ0G6F153J
RCZ20GF333J
RC20GF472J
165-2001
165-2491
165-4991
165-1002
165-2002
165-2502
165-4982
165-1003
165-2003
165-4990
RCZ20GF102J
RC20GF472J
167-3002
165-5111
165-1102
RCZ0GF102J



* %

%

Ref. Des.

A2R73
AZR74
AZR7S
AZR76
A2RTT
A2R78
A2R7S
AZRBO
AZRB1
AZREB2Z
A2REB3
A2RE4
AZR85
A2R86
AZRB7
AZRESB
AZR89
A2R80
A2RO1
A2R92
AZR93
AZRS4
A2ROS
AZRO96
AZRS7
AZROS8
A2RO9
A2R100
AZR101
A2R102
A2R103
AZR104
AZ2R105
A2R106
A2RI1O7
AZRIO0S8
A2R10S
A2R110

* A2RI1

*»

ST

A2ZR112
A2R113
AZR114
AZ2R11S
A2R116
A2R117

Res.
Res .
Res.
Res.
Res.
Res.
Res.
Res.

Res

Res,
Res .
Res .,
Res .
Res .
Res.
Res.
Res.
Res .
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res,
Res.
Res.
Res.
Res.
Res .
Res.
Res.
Res .,
Res.
Res.
Res.
Res .
Res.
Res .
Res.
Res .
Res .
Res.
Res .
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Parts

List

Description

Carb.
Carb.
Carb.
Carb.
Cardb.
Carb.
Carb.
Carb.
Carb.
Carb.
Var.,
Carb.
Carb.
Var.,
Carb.
Carb.
Carb.
Cardb.
Carb.
Carb.
Card.
Carb.
Carb.
Carb.
Carb.
Film,
Var.,
Film,
Carb.
Carb.
Film,
Var.,
Carb.
Carhb,
Carb.
Carb.
Carb.
Var.,
Carb.
Carb.
Carb,
Carhb.
Carb.
Carb.
Carb.

10M, MW, 5%
1K, %W, 5%
10M, %W, 5%
3.3K, LW, 5%
3.3K, LW, 5%
4.7K, W, 5%
1.5k, LW, 5%
33K, LW, 5%
68 Ohm, 2W,
8.2K, 4W, 5%
1K
, 2.2X, LW, 5%
, 8.2K, LW, 5%
1K
2.2K, LW, 5%
1K, %W, 5%
10M, %W, 5%
1K, %W, 5%
10M, %W, 5%
3.3K, LW, 5%
3.3K, W, 5%
4.7K, YW, 5%
15K, %W, 5%
1K, %W, 5%
7.5K, %W, 5%
7.5K, YW, 1%
1K
1.21K, %W, 1%
, 10K, LW, 5%
, 8.2K, LW, 5%
2.0 K, YW, 1%
10K
100K, %W, 5%
1.5K, LW, 5%
12M, LW, 5%
27K, HW, 5%
3.3, YW, 5%

b
1
*
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, 10K, LW, 5%
, 8.2K, LW, 5%
, 1K, %W, 5%

, 1K, %W, 5%

, 100K, %W, 5%
, 470 Ohm, %W,
, 4.7K, 4W, 5%

Indicates factory selected - nominal value shown

PLL and Total Meter Driver Assembly A2 (Cont'd)

10%

5%

QEI Part No.

RC20GF106J
RCO7GF102J
RC20GF106J
RC20GF332J
RC20GF332J
RCO7GF472J
RC20GF152J
RC20GF333J *
RC42GF680K
RC20GF822J
167- 3102
RC20GF222J
RC20GF822J
167-3001
RC20GF222J
RCO7GF102J
RC20GF106J
RCO7GF102J
RC20CF106J
RC20GF332J
RC20GF332J
RCOTGF472)
RC20GF153J*
RC20GF102J
RC20GF752J
165-7501
167-3001
165-1211
RC20GF103J
RC20GF822J
165-2001
167- 3103
RC20GF104)
RC20GF152J
RC20GF 1265 *
RC20GF273J*
RC20GF 332 =
167-3002
RC20GF 1030 *
RCZOGF 8227 *
RC20GF102J
RC20GF102J
RC20GF104J
RC20GF471J
RC20GF472)



Ref. Des.

AZ2R118
AZRI19
AZR120
A2T1
A2U1
A2U2
AZU3
AZU4
A2U5
AZU6
A207
A2U8
A2U08
A20U10
A2U11
A2U12
A2U13
A2U14
A2U15
A2U16
A2Ul7
AZU18
AZ2U19
A2U20
A2U21
Az2uz22
A2U23
A2024
A2U25
A2U26

A2Y1

Parts List

PLL and Total Meter Driver Assembly A2 (Cont'd)

Description

Res., Larb., 4.7K,

Res., Carb., 47K, LW,

Res., Carb., 2.7K,

Transformer, RF

IC, Full Adder

IC, ECL

IC, Counter

IC, Up/Down Counter
IC, Up/Down Counter
IC, Up/Down Counter
IC, Flip-Flop

IC, Decade Counter

IC, Decade Counter

IC, Binpary Counter

IC, Decade Counter

I1C, Retriggerable One Shot

IC, CGp. Amp.

IC, Op. Amp.
IC, Op. Amp.
IC, Op. Amp.
IC, Op. Amp.

IC, Op. Amp.

IC, One Shot

IC, Quad Comparator
IC, One Shot

IC, Quad NOR Gate
IC, Quad NAND Gate
IC, Decade Counter
IC, Quad NAND Gate
IC, Dual NAND Gate

Crystal, 8.0 MHz

QEI Part No.

RCO7GF4723
RC20GF4723
RC20GF2723
18 0- 221378
182-7483
182-10131
182-8290
182-74192
182-74192
182-74192
182-7474
182-7490
182-7490
182-7493
182-7490
182-74123
182-1709
182-1741
182-1741
182-1741
18§2-1741
182-1741
182-74121
182-339
182-74121
182-7402
182-7400
182-74990
182~-7400
182-74490

198-0800



Pans

Ref. Des,
A3
A3C1l, A3C101
A3C2, A3C102
A3C3, A3C103
A3C4, A3C104

* A3CS, A3C105
A3C6, A3C106
A3C7, A3C107
A3C8, A3C108
A3C9, A3C109
A3C10, A3CL1O
A3C11, A3C111
A3C12, A3C112
A3C13, A3C113
A3ZC14, A3C114
A3C15, A3C115

* A3C16, A3CLl16

* A3C17, A3C117
A3C18, A3C118
A3C19, A3C119
A3C20, A3C120
A3C21
A3C22
A3C23
A3C24

* A3C25
A3CR1, A3CR101
A3CRZ, A3CR102
A3CR3, A3CR103
A3ZCR4, A3CRI104
A3CRS5, A3CR105
A3CR6, A3CR1DG
A3CR7, A3CR107
A3CR8, A3CR108
A3R1, A3R101
A3R2, A3R102
A3R3, A3R103
A3R4, AZR104
A3RS, A3R105
A3R6, A3R106
A3R7, A3R107
A3R8, A3R108
A3R9, A3R109

Parts List

Dual Average Voltmeter Assembly A3

Description

Assembly, P.C.

Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.

NOT

Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.

Diode
Diode
Diode
Diode
Diode
Diode
Diode
Diode

Res .
Res.
Res,
Res .,

Res

Res .,
Res.
Res.
Res.

L " L T ™)

*#
Ed
¥
3
3
3
3
3

Cer.,, .luf
Cer., .001luf
Cer., .luf
Mica, 270pf
Mica, 10pf
Elect., 15uf
Eleet., 100uf

SED

Cer., .luf
Elect., 100uf
Elect., 100uf
Elect., S50uf
Elect., 15uf
Elect., 1Suf
Elect., 50uf

Tant., luf
Tant., 2.2uf
Tant., .47uf
Cer., .luf
Elect., 100uf
Elect., .47uf
Cer., .luf
Cer., .05uf
Cer., .01luf
Elect., 15uf

Silicon
Silicon
Silicon
Siiicon
Germanium
Silicon
Silicon
Silicon

Film, 200K, 4W, 1

Film, 100K, %W, 1%

Film, 49.9K, LW,

Film, 25K, %W, 1%
Film, 20K, %W, 1%
Film, 10K, %W, 1%

Film, 4.99K, %W,
Film, 2.49K, %W,
Film, 2.00K, %W,

* Indicates factory selected - nominal value shown

QEXI Part No.

691003

110-0104
110-0102
110-0104
110-1271
110-1100%
110-3156
110-3107

110-0104
110-3107-125
110-3107-25
110-3506-25
110-3156
110-3156
110-3506
110-3105T *
110-3228T *
110-3474T
110-0104
110-3107-25
110-3474
110-0104
110-0503
110-0103
110-3156*

113-04446
113-04446
113-04446
113-04446
113-0003

113-04446
113-04446
113-04446

165-2003
165-1003
165-4992
165-2502
165-2002
165-1002
165-4961
165-2491
165-2001



Ref. Des.
A3R10, A3R110
A3R11, A3R111
A3R12, A3R112
A3R13, A3R113
A3R14, A3R114
A3ZR15, A3R11S
A3R16, A3R116
A3R17, A3R117
A3R18, A3R118
AZR19, A3R119
AZRZ0, A3RI120
A3R21, A3R121
A3RZ22, A3R122
AZR23, A3R123
* A3R24, A3R124
A3R25, A3R125
A3R26, A3R126
A3R27, A3R1Z27
A3R28, A3R128
A3R29, A3R129
A3R30, A3R130
A3R31, A3R13}
A3ZR32, A3R132
A3ZR33, A3R133
A3R34, A3R134
A3JR35, A3RI1I3S
AZR36, A3R136
A3R37, A3RL37
AZR38, A3R138
A3R39, A3R139
A3ZR40, A3R14Q
A3R41, A3R141
A3R42, A3R142
A3R43, A3ZR143
A3R44, A3ZR144
A3R45, A3R145
A3R46, A3R146
AZR47, A3R147
AZR48, A3R148
A3R49, A3R149
A3R50, AZRL1SQ
A3RS1, A3ZR1S1
A3R52, A3R1S52
A3RS3, A3RLS3
A3R54, A3ZRI1S54
A3R55, A3R1SS
A3RS56, A3R156
A3RS7, A3ZR1S7
A3R58, A3RLSS

Dual Average Voltmeter Assembly A3

Res.
Res.
Res .
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res .
Res.
Res .,
Res,
Res .

Res

Res.
Res,

Res

Res .
Res.
Res .
Res .
Res .
Res .
Res.
Res.
Res.
Res .,
Res.
Res.
Res.
Res.
Res .,
Res .
Res.
Res.
Res.
Res.
Res.
Res .
Res.
Res.
Res .
Res.
Res.
Res.
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Parts

List

Description

Carb.,
Film,
Carb

Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Cardb.,
Carb.,
Var.,
Carb.,
Carb.,
Carb.,
Carb,,
Carhb.,
Carb.,
Film,

Carb.,
Carb.,
Carb.,
Film,

Film,

Carh.,
Film,

Film,

Film,

Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,
Carb.,

10K,

332 Ohm,
., 10K,

1.2K,
10K,
22K,

LK, %

560K,
4.7K,
10K,
1K!
10K,
10M,
330K,
1.5K,
1K
12K,

LW,

LW,

%W 5
LW,
W,

W, 5

%w’
5W,
LW,
BW,
;ﬁw)
W,
LW,
W,

W,

8§20 Ohm,
1.5K, LW,

56K,
1.5K,
2.2K,

23.7X,

10K,
1K,
4.7%,

2.67K,
1.21K,

4.7K,

23.7K,
768 Ohm,
61.9 Ohm,

10K,

LW,
HW,
hW,
HW,

LW,

LW, S

LW,
LW,
W,
LW,
%W,

L

510 Ohm,

4.7K,
10K,

4.7K,
5.1K,
1.2K,
3.3K,
1M,
1M,
2.2K,
10K,

10K,

2.2K,
4.7K,
5.6K,
22K,

* Indicates factory selected - nominal value shown

HW,
HW,
LW,
kW,
HW,
LW,

W, S
LW, S

!’éwl
W,
BW,

W,

LW,

LW,
bW,

5%

uW,

2 oe

S
)
5%
5%

5%
W,

5%
5%
5%
1%

5%

%

1%

{(Cont'd)

QE} Part No.

RC20GF103J
165-3320
RC20GF103J
RC20GF122J
RC20GF103J
RC20GF223J
RC20GF102J
RC20GF 5644
RC20GF472J
RC20GF103J
RCZ20GF102J
RC20GF103J
RC20GF106J
RC20GF334J
RC20GF152J *
167-3102
RC20GF123J
RC20GF821J
RC20GF821J
RC20CGF563)
RC20GF152J
RC20GF222J
165-2372
RC20GF103J
RC20GF102J
RCO7GEF472J
165-2671
165-1211
RCO7GF472J
165-2372
165-7680
165-61R9
RCZ20GF103J
RC20GF511J
RCOTGF472]
RC20GF103J
RCO7GF472J
RC20GF512J
RC20GF122J
RC20GF332J
RCZ0GF105J
RC20GF105J
RC20GF222J
RC20GF103J
RC20GF103J
RC20G6F222J
RC20GF472J
RC20GF562J
RC20GF223J)



P

s

Ref.

A3R59,
A3R60,
A3R61,
A3R62,
A3R63,
A3R64,
* A3R6S,
* A3R66,
* A3R67,
A3R68,
* A3R69,
A3R70,
A3R71,
* A3R72,
A3R73,
A3R74,
A3R75,
A3R76,
A3R77,
* A3R7S,
A3R79,
A3R80,
A3RB1,
A3RB2Z,
A3R83,
A3R84,
A3R8S,
A3RS6,
A3R87,
A3R8S,
A3R89,
A3R9D,
A3R91,
A3R92,
A3R93
A3R94
* A3RGS
A3R96
A3R97
A3ROB
A3ROO
A3R100
AZR193
A3R194
A3R19S
A3R196

*

Des .

A3R159
A3R160
A3R161
A3R162
A3R163
A3R164
A3R165
A3R166
A3R167
A3R168
A3RL169
A3R170
A3R171
A3R172
A3R173
A3R174
A3R175
A3R176
A3R177
A3R178
A3R179
A3R180
A3R181
A3R182
A3R183
A3R184
A3ZR185
A3R186
A3R187
A3R188
A3R189
A3R190
A3R191
A3R192

Dual Average Voltmeter Assembly A3 (Cont'd)

Res.
Res.
Res .
Res .,
Res.

Res

Res .
Res.
Res .
Res.
Res.

Res
Res

Res.
Res.
Res.

Res

Res .
Res .,
Res.
Res.
Res .
Res,
Res .
Res .
Res .
Res .
Res .
Res.
Res .
Res.
Res .
Res,
Res,
Res.
Res .

Res

Res.
Res .
Res .
Res .
Res .
Res.
Res .
Res.
Res .
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Parts List

Description
Carb., 6.8K, %,
Var., 10K

Carb., 4.7X, LW,
Carb., 10K, LW,
Carb., 4.7K, kW,
Carb., 4.7K, LW,
Carb., 560K, 4W,
Carb., 3.3M, kW,
Carb., 1.5M, LW,
Carb., 22K, YW,
Carb., 15K, 4W,
Carb., 4.7K, LW,
Carb., 22K, kW,
Carb., 22K, %W,
Var., 10K

Var,, 10K

Carb., 47K, LW,
Carb., 820 Ohm,
Carb., 8.2K, kW,
Carb,., 10K, 4W,
Carb., 560K, LW,
Carb., 100K, kW,
Carb., 100K, %W,
Carb., 100K, kLW,
Caxrb., 100K, kW,
Carb., 1K, 4W, S
Carb., 270 Ohm,
Carb., 270 Ohm,
Carb., 270 Ohm,
Carb., 270 Ohn,
Carb., 270 Ohm,
Carb., 270 Ohm,
Carb., 270 Ohm,
Film, 11K, %w, 1
Carb., 4.7K, kW,
Carb., 2.2M, LW,
Carb., 1.5M, LW,
Carb., 220 Ohm,
Carb., 47K, kW,
Carb., 470K
Carb., 4.7K, LW,
Carb., 120 Ohm,
Carb., 270 Ohm,
Carb., 270 Ohm,
Carb,, 270 Ohm,
Carb., 270 Ohm,

* Indicates factory selected - nominal value shown

5%

5%
5%
1%
1%
5%
5%
5%
5%
5%
5%
5%
5%

5%
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5%

5%
5%
LW,
5%
W,

5%
Liw;
%w:
HW,
%Wg
HW,

v
o8

5%
5%
5%
5%
5%
5%
5%

v
o
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o

5%
5%
5%
5%

QEI Part No.

RC20GF682J
167- 3103

RCZ20GF472J
RCZO0GF103J
RCO7GF472]
RCO7GF472J
RC20GFS64J

RC20GF335J ™

RC20GF155J
RC20GF223J
RCZOGF 153
RC20GF472J
RC20GF223)
RC20GF223J
167- 3103

167- 3103

RC20GF473J
RC20GF821.7
RC20GF822J *
RCZOGF103J *
RC20GFS564J
RC2ZOGF104J
RC20GF104J
RCZOGF104J
RC20GF104J
RCO7GF102J
RCOTGF271J
RCO7GF271J
RCO7GF271J
RCO7GF271J
RCO7GF271J
RCO7GF271J
RCO7GE271J
165-1102

RCOTGF472J
RC20GF225J
RC20GF 155
RCZ0GF221J
RC20GF473J
RC20GF474J
RC20GF472J
RC20GF121J
RCO7GF271J
RCO7GF271J
RCO7GF271J
RCOTGF271J



Ref. D .

A3R197
A3R108
A3R109
A3R200
A3R201
A3R202
A3R203
A3R204
A3Q1,
A3Q2,
A3Q3,
A3Q4,
A3QS5,
A3Q6,
A3Q7,
A3Q8,
A3Q9,

A3Q10, A3Qll0

A3U1,
A3U2,
A3U3,
A3U4,
A3US,
A3U6 ,
A3U7,
A3US,
A3U9,
A3U10
A3U11
A3U12
A3U13

€5

A3Ql01
A3Q102
A3Q103
A3Q104
A3Q105
A3Q106
A3Q107
A3Q108
A3Q109

A3U101
A3U102
A3U103
A3U104
A3U105
A3U106
A3U107
A3U108
A3U109

Res.
Res .
Res.
Res.
Res.
Res.
Res.,

ic,
1c,
1c,
Ic,
1c,
1c,
1c,
1C,
1c,
ic,
IC,
ic,
ic,

W oW % m w w w

Op.

Op.
Timer
Timer
Dual NAND Gate
Decoder Driver

Parts List

Description

Carb.
Carb.
Cardb.
Carb.
Carb.
Carb.
Carb.
Res., Carb.,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,

270 Ohm, LW,
270 Ohm, LW,
270 Ohm, %W,
1K, LW, 5%
5.6K, %W, 5%
3.3K, 4W, 5%
3.3K, Lw, 5%
6K LW, 5%

NPN

NPHN

NPN

NPN

PNP

NPN

NPN

NPN

NPN

NPN

(e v o w W W

Quad Comparator
Amp .

Hex Inverter
Decoder Driver
Quad NAND Gate
Counter, Up/Down
Quad NOR Gate
Quad Comparator
Amp.

Dual Average Voltmeter Assembly A3 (Cont'd)

5%
5%
5%

QEI Part No.

RCO7GE271J
RCO7GF271J
RCO7GF271J
RC20GF102J
RC20GF 562J
RC20GF332J
RC20GF332J
RC20GF 562J
160-4401
160-4401
160-4401
160-4401
160-4403
160-4401
160-4401
160-4401
160-4401
160-4401

182-0339
182-1709
182-7405
182-7447
182-7400
182-74192
182-7402
182-0339
182-1741
182-0555
1820555
182-7440
182-7447

—



Parts List

Receiver Assembly Ad

Ref. Des. Description QEI Part No.
Ad Assembly, P.C. 691004
A4C1 Cap., Mica, 1000pf, DMI15 110-1102
A4C2 Cap., Mica, 1000pf, DMI15 110-1102
A4C3 Cap., Mica, 1000pf, DMI1S 110-1102
Ad4CA4 Cap., Mica, 1000pf, DMIS 110-1102
A4CS Cap., Mica, 27pf, DMI5 110-1270
Ad4Cé6 Cap., Mica, 51pf, DMIS 110-1510
Ad4C7 Cap., Mica, 27pf, DMI1S 110-1270
A4C8 Cap., Mica, 68pf, DMI15 110-16860
A4CY Cap., Mica, 470pf, DM1S 110-1471
A4C10 Cap., Mica, 2-22pf var. 110-6518
Ad4C1il Cap., Cer., .luf 110-0104
AdC12 Cap., Tant., 1.0uf 110-3105T7
A4C13 Cap., Mica, 68pf, DMI1S5 110-1680
A4CL4 Cap., Mica, 2-22pf var. 110-6518
A4C15 Cap., Mica, 2-22pf var. 110-6518
A4C16 Cap., Cer., .luf 110-0104
AdC17 Cap., Mica, 68pf, DMI1S 110-1680
A4C18 Cap., Mica, 2-22pf vzr. 110-6518
A4C19 Cap., Mica, 2-22pf var. i10-6518
Ad4C20 Cap., Mica, 68 pf, DMI15 110-1680
A4C21 Cap., Mica, 2-22pf var. 110-6518
AAC22 Cap., Mica, 2-22pf var. 110-6518
AdC23 Cap., Mica, 68pf, DMI5 110-1680
A4C24 Cap., Mica, 2-22pf var. 110-6518
A4C25 Cap., Mica, 2-22pf var. 110-6518
A4C26 Cap., Mica, 2-22pf var. 110-6518
A4C27 Cap., Mica, S51pf, DMI1S 110-1510
A4C28 Cap., Cer., .luf 1106-0104
A4C29 Cap., Mica, Spf,. DM15 110-1500
A4C30 Cap., Mica, 5-6Spf var. 110-6565
*A4C 31 Cap., Mica, ggpf, DMIS 110-1680~
A4C32 Cap., Poly, 500 pf 110-1501
A4C33 Cap., Cer. .luf 110-0104
Ad4C34 Cap., Cer., .05uf 110-0503
Ad4C35 Cap.; Cer., .0Suf 110-0503
A4C36 Cap., Cer., .1luf 110-0104
*A4C37 Cap., Mica, 68pf,DMIS 110-1680*
A4C 38 Cap., Mica, 2-22pf var. 110-6518
A4C39 Cap., Mica, 10 pf, DMIS 110-1100
A4C40 Cap., Mica, 2-2Zpf var. 110-6518
A4C41 Cap., Mica, 91ipf, DMI5 110-1910
A4C42 Cap., Tant., 1.0uf 110-31057
A4C43 Cap., Tant., 1.0uf 110-3105T
*Ad4C44 Cap., Mica, 300pf, DM15 110-1301 *
*A4CAS Cap., Mica, 10pf,  DM15 110- 1100 *
*A4L46 Cap., Mica, 1000pf, DM15 110- 1102 *
*A4C47 Cap., Mica, 120pf, DM15 110- 1121 *
*A4C4 8 Cap., Mica, 27pf, DM15 110~ 1270 *

* Tndicates factoxry selected value

nominal shown.



Parts List
Receiver Assembly A4 (Cont'd)

Ref. Des. Description QEI Part No.
*A4CA4A9 Cap., Mica, 270pf,  DM1S 110-1271 *
A4CS50 Reserved
* AACS 1 Cap., Mica, 1000pf, DM15 110-1102 *
A4CS52 Cap., Cer., .001uf 110-0102
A4C53 Cap., Cer., .1luf 110-0104
A4CS54 Cap., Poly, 10,000pf 110-4103
44C55 Cap., Poly, 10,000pf 110-4103
A4CS6 Cap., Mica, 120pf, DMIS 110-1121
* A4CS7 Cap., Mica, 68pf, DMI15 110-1680
A4C58 Cap., Poly, 1000pf 110-4102
A4C59 Cap., Poly, 1000pf 110~4102
A4CH0 Cap., Cer., .1luf 110-0104
A4Ce 1 Cap., Cer., .001luf 110-0102
AdC62 Cap., Mica, 620pf, DMIL5 110-1621
A4C63 Cap., Cer., .luf 110-0104
A4CH4 Cap., Cer., .,1luf 110-0104
A4C65 Cap., Tant. 1.0uf 110-3105T
AdC66 Cap., Cer., .luf 110-0104
A4C67 Cap., Cer., .luf 110-0104
A4Co8 Cap., Cer., .luf 110-0104
A4C69 Cap., Cer., .1luf 110-0104
A4C70 Cap., Cer., .1luf 110-0104
A4C71 Cap., Cer., .luf 110-0104
A4C72 Cap., Mica, 27pf, DMIS 110-1270
A4C73 Cap., Mica, 27pf, DMIS 110-1270
Ad4C74 Cap., Cer.,, .luf 110-0104
A4C7S Cap., Mica, 5pf, DMI1S 110-1500
AdCT6 Cap., Cer., .1luf 110-0104
AdCT77 Cap., Cer., .luf 110-0104
A4C78 Cap., Cer., .01luf 110-0103
A4C79 Cap., Cer., .05uf 110-0503
A4C80 Cap., Mica, 620pf, DMI1S 110-1621
A4CB1 Cap., Cer., .luf 110-0104
A4CB2 Cap., Cer., .001luf 110-0102
A4C83 Cap., Tant,, 1.0uf 110-3105T
A4C84 Cap., Elect., 200uf 110-3 207-15
A4C8BS5 Cap., Cer., .luf 110-0104
A4CB6 Cap., Cer., .1luf 1106-0104
A4C87 Cap., Elect., 200uf 110-3207-15
Ad4C88 Cap., Cer., .luf 110-0104
A4C89 Cap., Cer., .0luf 110-0103
A4C90 Cap., Poly, 1000pf 110-4102
A4C91 Cap., Poly, 1000pf 110-4102
A4CH2 Cap., Cer., .luf 110-0104
* A4C93 Cap., Mica, S5ipf, DMI15 1{0-1510
A4C94 Cap., Cer., .0luf 110-0103

* Indicates factory selected value - nominal shown



Parts List
Receiver Assembly A4 (Cont'd)

Ref. Des. Description QEI Part No.
A4C85 Cap., Mica, 120pf, DMIS 110-1121
A4C96 Cap., Elect., 100uf 110-3107-25
A4CS7 Cap., Elect., 5Suf 110-3505-25
A4CO8 Cap., Elect., 200uf 110-3207-15
A4CH9 Cap., Elect., 100uf 110-3107-25
A4C100 Cap., Cer., .luf 110-0104
A4C101 Cap., Elect., 100uf 110-3107-25
A4C102 Cap,, Cer., .luf 110-0104
A4C103 Cap., Poly, 2200pf 110-4222
A4C104 Cap., Cer., .luf 110-0104
A4C105 Cap., Elect. 15uf 110-3156-25
A4C106 Cap., Cer., .luf 110-0104
A4C107 Cap., Tant., 2.2uf 1106-3225T
A4CR1 Diode, Varicap 113-51650
A4CR2 Dipde, Zener 113-25234
A4ACR3 Diode, Zener 113-25234
A4CRA4 Diocde, Silicon 113-04446
A4CRS Diode, Silicon 113-04446
A4CRS6 Diode, Silicon 113-04446
A4CR7 Diode, Silicon 113-04446
A4CRSB Diode, Germanium 113-0034
A4CRSY Diode, Germanium 113-0034
A4CR10 Diode, Varicap 113-5 1650
A4CR11 Diode, Varicap 113-5 1650
A4CR12 Diode, Silicon 113-04446
A4CR13Z Diode, Silicon 113-04446
A4CR14 Diode, S5CR 113-45061
A4CR1S Diode, Silicon 113-04446
A4CR16 Diode, Silicon 113-04446
A4CR17 Diode, Silicon 113-04446
A4FL1 Filter, 1st IF 146-107M
A4FL2 Filter, 2nd IF 146-455K1
A4FL3 Filter, 2nd IF 146-455KD
AdL1 Inductor, RF 140-0418
Ad4LZ Inductor, RF 140-0418
Ad4LZ Inductor, RF toroid 140 - 256030
AdL4 Inductor, IF toroid 140 - 2560158
A4LS Inductor, IF torceid 140- 256030
AdL6 Inductor, IF toroid 140 - 256030
A4L7 Inductor, IF toroid 140 - 256030
A4LB Inductor, IF toroid 140 - 2560158
A4LY Inductor, IF toroid 140 256012

A4L10 Inductor, Det toroid 140. 221324




Receiver Assembly A4 (Cont’d)

Parts List

Ref. Des. Description QEI Part No.
AdL1) Inductor, Det toroid 140-256030
A4L12 Inductor, Det toroid 140-256030
A4L.13 Inductor, Audio 140-42098
AdL 14 Inductor, Audio 140-42088
A4L15 Inductor, Audio 140-42124 C7T
A4L16 Inductor, Audio 140-42122
A4L17 Inductor, Cal Osc 140-30030
A4L18 Inductor, 2nd LO 140-30030
A4L.19 Inductor, Choke 15uh 140-21580
A4 20 Inductor, Choke 15uh 140-2150
AdL21 Inductor, Choke, Wideband 140-2008
A4Q1 Transistor, NPN 160-05179
A40Q2 Transistor, FET 160-13819
A4Q3 Transistor, NPN 160-0517%
AdQ4 Transistor, NPN 160-04401
A4Q5 Transistor, PNP 160-04403
A4Q6 Transistor, NPN 160-04401
A4Q7 Transistor, NPN 160-05179
A408 Transistor, NPN 160-04401
A4Q9 Transistor, NPN 160-04401
A4QLG Transistor, PNP 160-04403
A4Q11 Transistor, NPN 160-04401
A4Q12 Transistor, PNP 160-04403
A4Q13 Transistor, NPN 160-05179
A4Q14 Transistor, NPN 160-05179
A4Q15 Transistor, FET 160-13819
A4Q16 Transistor, NPN 160-04401
A4Q17 Transistor, NPN 160-04401
A4Q18 Transistor, PNP 160-04403
A4Q19 Transistor, NPN 160-04401
A4Q20 Transistor, NPN 160-04401
A4G21 Transistor, PNP 160-04403
A4Q22 Transistor, NPN 160-04401
A4Q23 Transistor, NPN 1606-04401
A4Q24 Transistor, PNP 160-04403
A4Q25 Transistor, NPN 160-04401
R4G26 Transistor, NPN 160-04401
A4Q27 Transistor, PNP 160-04403
A4Q28 Transistor, NPN 160-04401
A4Q29 Transistor, NPN 160-04401
A4Q30 Transistor, PNP 160-04403
A4R1 Res., Carb., 51 Ohm, iW, 5% RC20GF510J
AdR2 Res., Carb., 6.8K, %W, 5% RC20GF6B2J
A4R3 Res., Carb., 4.7K, iW, 5% RCZ20GF472J
A4RL Res., Carb., 620 Ohm, iH, 5% RC20GF6214J
A4R5 Res., Carb., 1.2K, W, 5% RC20GF122J



Ref,

* A4R6
A4R7
A4RSB

* A4R10
A4R11
A4R12
A4R13
A4R14
A4R15
A4R16
A4R1L7
A4R18
A4R19
A4R20
*A4R21
*A4RZ2
A4R23
A4R24

A4R26
A4R27
Ad4R28
A4R2Z9
A4R30
A4R31
A4R32
A4R33
A4R34
A4R35
A4R36
A4R3I7
A4R38
A4R39
A4R40
AdR41
A4R42
A4R43
A4R44
A4R45
A4R46
AdR47
AdRA4E
A4R49
A4R50
A4RS1
A4RS52
A4RS3

Des .

Receiver Assembly A4 {(Cont'd)

Res.
Res.
Res.

Res.
Res.
Res.
Res.
Res .
Res.
Res.
Res.
Res,
Res.
Res.
Res.
Res.
Res,
Res.

Res.
Res,
Res.
Res.
Res.
Res.
Res.
Res .
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res,
Res.
Res.
Res.
Res.
Res.
Res.
Res.

o
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Parts List

Description

Carb., 750 Ohm 4w, 5%
Carb., 1K, LW, 5%
Carb., 220 Ohm, LW,
Carb., 1K, LW, 5%
Carb., 2%, %W, 5%
Carb., 10K, %W, 5%
Carb., 15K, LW, 5%
Carb., 820 Ohm LW, 5%
Carb.,820 Ohm kW, 5%
Carb., 10K, %W, 5%
Carb., 27K, %W, 5%
Carb., 15K, %W, 5%
Carb., 15K, %W, S§%
Catb., 4.7K, %W, 5%
Carb., 1K, W, 5%
Carb., 1K, LW, 5%
Carb., 4.7K, %W, 5%
Carb., 180 Ohm, %W, 5%
Carb., 3.3K, LW, 5%
Carb., 3.3K, %W, S%
Carb., 2.2K, LW, 5%
Carb., 2.2K, %W, 5%
Carb., 2.2K, LW, 5%
Carb., 4.7, LW, 5%
Carb., 4.7K, LW, 5%
Carb., 4.7X, LW, 5%
Carb., 3.3K, LW, 5%
Var., 1K

Carb., 1.2K, %W, 5%
Carb., 33K, %W, 5%
Film, 11K, %W, 1%
Film, 11K, %W, 1%
Film 768 Ohm, %W, 1
Carb., 6.8K LW, 5%
Carb., 1.2K, %W, 5%
Carb., 100 Ohm, XW, 5%
Carb., 82 Ohm, LW,
Carb., 1K, %W, 5%
Carb., 2.2K LW, 5%
Carb., 51 Ohm LW, 5%
Carb., 2.2K, %W, 5%
Carb, 2.2K, %W, 5%
Carb., 2.2K, LW, 5%
Carb., 2.7K, LW, 5%
Carb., 10K, LW, 5%
Carb. 4.7K, LW, 5%

* Indicates factory selected value - nominal shown

QE]l Part No.

RC20GF 751J *

RC20GF 1027
RC20GF221J

RC20GF 102J
RC20GF223J
RC20GF103J
RC20GF153J
RC20GE 821J
RCZOGF 821J
RC20GF103J
RC20GE273J
RC20GF153J
RC20GF 153J
RC20GF472J
RC20GFL02J*
RC20GF102J*
RCO7GF472J
RC20GF181J

RC20GF332J
RC20GF332J
RC20GF222J
RC20GF222J
RC20GF222J
RC20GF472)
RC20GF4724J.
RC20GF472J
RC20GF332J
167-3102

RC20GF122J
RC20GF333J
165-1102

165-1102

165-7680

RCZDGF 682J
RC20GF 122J
RC20GF 1017
RC20GF 820J
RC20GF102J
RC10GF 222J
RC20GF 510J
RC20GF222J
RC20GF222J
RC20CGF222J
RC20GF272J
RC20GF103J
RC20GF4723

*



Ref.

A4RS4
A4RS5S
AdRS6
A4RS57
A4R58
A4RS59
AARGO
A4R61
A4RG62Z
A4R63
A4R64
A4R65
A4R66
AdR67
A4RG 8
A4R69
A4R70
A4R71
A4R72
A4RT73
A4R74
A4R7S
A4R76
AART7
A4R78
A4R79
A4RB0
44R81
A4RB2Z
A4R83
A4R84
A4R8S
A4R86
A4REB7
A4R88
A4REB9
A4RS0
A4RS1
A4R92
AdRS3
A4R94
A4R95
AdRS6
A4RG7
A4RO8
A4R99

Receiver Assembly A4 (Cont'd)

Res .,
Res .
Res .
Res.
Res .
Res.
Res.
Res.
Res .
Res .
Res .

Res

Res.
Res.
Res.
Res .
Res .
Res.
Res .
Res .
Res.
Res .
Res.
Res.
Res .
Res .
Res.
Res.
Res .
Res.
Res .,
Res .
Res.
Res.

Res

Res.
Res .
Res.
Res .
Res .
Res.
Res .
Res.

Res

Res.
Res .

Parts List

Description

Card.
Carb.
Carb.
Carb.
Carb.
Carb.
Carhb.
Carb.
Carb.
Carb.

Var.

Carb.
Carb.
Carb.

Var.

Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.

Var.

Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.

Film

Film,
Film,
Carb.
Carb.
Carb.
Var.,
Carb.
Var.,

, 1K, 4W, 5%
, 10K, %W, 5%
L 2.2K, LW, 5%
, 330 Ohm, %W,
, 220 Ohm, LW,
, 220 Ohm, LW,
, 1K, WW, 5%
, 4.7K, %W, 5%
C 12K, LW, 5%
, 330 Ohm, %W,
1K
, 3.3K, LW, 5%
, 4.7K, kW, S%
, 1K, LW, 5%
1K
330 Ohm, %W,
12K, %W, S%
3.3K, LW, 5%
15K, LW, 5%
4.7K, %W, 5%
4.7K, YW, 5%
22K, 4W, 5%
1K, %W, 5%
4.7K, LW, 5%
12K, 4W, 5%
10K
. 1.5K, 4W, 5%
. 10K, 4W, 5%
, 82K, %W, 5%
. 3.3K, %W, 5%
, 3.3K, LW, 5%

o™ M e e W W W m e

3.3K, LW, 5%
10K, LW, 5%
4,7K, kW, 5%
1K, %W, 5%
22 Ohm, LW,
620 Ohm, %W
768 Ohm, %W,
11K, LW, 1%
11K, %W, 1%
, 100K, %W, 5%
, 4.7K, LW, 5%
, 10K, YW, 5%
10K
, 820 Ohm, W,
1K

[ Fa VL Ry ]
9 oP o8

QEI Part No.

RC20GF102J
RCZ20CF103J
RC20GF222J
RC20GF331J
RC20GF221J
RC20CGF221J
RC20GF102J
RC20GF472J
RC20GF1233
RC20GF331J
167-3102

RC20GF332J
RC20GF472J
RC2Z0GF102J
167-3102

RC20GF331J
RC20GF123J
RCZO0GF332J
RC20GF153J
RC20GF472J
RC20GF472J
RC20GF223J
RC20G6F102J
RC20GF472J
RC20CF123J
167~ 3103

RC20GF152J
RC20GF103J
RC20GF823J
RC20GF332J
RC20GF332J
RCZ0GF332J
RC20GF103J
RC20GF472J
RC20GF102J
RC20GF2204
RC20GF621J
165-7680

165-1102

165-1102

RC2006F104J
RC20GF472J
RC20GF1034
167-3103

RC20GFB821J
167- 3102



Ref., Des.

A4R1I00D
A4R101
*A4R102
A4R103
A4R104
A4R1I05
A4RI106
A4R107
A4RI08
A4R109
A4R110
A4R111
A4R1E2
A4R113
A4R114
A4R115
Ad4R116
A4R117
A4R118
«* A4R119
A4R120
A4R121
AdRL22
A4R123
A4R124
A4R125
A4RI1Z6
A4R127
A4R128
A4R129
* A4R130
A4T1
A4T2

AdU1L
A4U2
AdU3
A4U4
A4U5S
Ad4Ué

A4Z1
A4Z2

Receiver Assembly A4 (Cont'd)

Res.
Res .
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res .
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res .
Res.,
Res.
Res.
Res.

Parts List

Description

LN
[

Carb., 220 Ohm, %W,

Carb., 10K, kW, 5%
Carb., 220K, %W, 5%
Carb., 180K, %W, 5%
Carb., 2.7K, %W, 5%
Carb., 220 Ohm, %W, 5%
Carb., 4.7K, LW, 5%
Carb., 1K, LW, 5%
Var., 1K

Carb., 4.7K, %W, 5%
Var., 10K

Carb., 1K, %W, 5%
Carb., 620 Ohm, LW, 5%
Carb., 10K, %W, 5%

Var., 10K

Carb., 3.3K, %W, 5%
Carb., 10K, %W, S%
Carb., 1K, LW, 5%
Carb., 470 ohm, %W, 5%
Carb., 33%K, W, 5%
Carb., 3.3K, W, 5%
Var., 1X

Carb., 51 Ohm, %W, 5%
Carb., 100 Ohm, %W, 5%
Carbh. 4.7 Ohm, LW, S$%
Carb., 4.7 Ohm, %A, 5%
Carb., 1.5K, kW, 5%
Carb., 51 Ohm, %W, 5%
Carb., 1.5K, 4W, 5%
Carb., 220 Chm, %W, 5%
, Carb., 15K,4W, 5%

W% W w e W W M e e W M % e s % % M e e % e W w ow W W e

Transformer, RF
Transformer, RF

Ic,
Ic,
Ic,
ic,
Ic,
ic,

RF Amp

FM 1F/Det
Comparator
Log Amp

Op Amp

Op Amp

Mixer, Balanced
Mixer, Balanced

* Indicates factory selected value - nominal shown

QEI Part No.

RC20GF221J
RC20GF103J
RC20GF224J *
RC20GF184J
RC206F272J
RC20GF221J
RC20GF472J
RCZ0GF102J
167-3102
RC20GF4727
167-3102
RC20GF102J
RC20GF621J]
RC20GF103J
167-3103
RC20GF332J
RC20GF103J
RC20GF102J
RC20GF471J
RC20GF 333J*
RC20GF 332d *
1673102
RC20GF510J
RC20GF101J
RC20GF4R7J
RC20GF4R7J
RC20GF152J
RC20GFS10J
RC20GF1827
RC20GF221J
RC20GF153J*
180-22137B
180-2560308

182-1703
182-1235
182-0339
182-0441
182-1741
182-1741

179-0021
178-0021




Ref. Des.
AS

A5C1E
ASC2Z
ASC3
ASC4
A5C5S
ASC6
ASC7
A5C8
ASCH
ASCL1O
ASC11
AS5C12
ASC13
ASC1l4
A5SC1S5
*ASCLI6/CI6A
ASC17
A5C18
A5C1S
ASC20
A5C21
A5C22
ASC23
A5C24
ASC2S
* A5C26
ASC27
ASC28
ASC2Z29
ASC30
AS5C31
ASC32
ASC33
ASC34
A5C35
AS5C36
ASC37
AS5C38
A5C3S
* ASCA40
* A5C4 1
ASC4 2
ASC4 3
ASC4 4
ASC45

Parts List

Stereo Demodulator Assembly AD

Description

Asszembly, P.

Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.

Cap

T T

Elect.
Poly,
Poly,
Poly,
Poly,
Poly,
Tant.,
Poly,
Cer.,
Cer.,
Mica,
Mica,
Tant.,
Cer.,
Elect.

C.

Suf
10,000pf
S10pf
10,000pf
510pf
10,000pf

.22uf
3000pf
Jluf
.01uf
120pf, DMI15
120 pf, DMIS

1.0uf
,luf
, Suf

Selected, approx. 1200pf

Elect.
Cer.,
Cer.,
Cer.,
Cer.,
Mica,
Mica,
Cer.,
Mica,
Mica,
Var.,
Cer.,
Elect.
var.,
Var.,

Elect.,

Elect.
Cer.,
Cer.,
Cer.,
Cer.,
Elect.
Elect.
Mica,
Mica,
Cer.,
Cer.,

, 100uf
Jduf

Jluf

.001uf

Liuf

120pf, DM15
120pf, DM1S
L01uf
470pf, DMI15 "~
91uf DMi5.
5-65pf

.luf

, Suf
S5-65pf
5-65pf
200uf

, 200uf
Cuf

Liuf

.luf

Jiuf

, 100uf

, 15uf
250pf, DM1S
10pf, DMI1S
Cduf

Cluf

., GCer., .05uf
Cap., Tant., 1.0uf

* Indicates factory selected - nominal value shown

QEI Part No.

6891005

110-35065
110-4103
110-4511
110-4103
110-4511
110-4103
110-~3224T
110-4302
110-0104
110-0103
110-1121
110-1121
110-3105T
110-0104
1106-3505

110-3107
110-0104
110-0104
110-0102
110-0104
110-1121
110-1121
110-0103
110-1471
110- 1910
110-6565
110-0104
110-3505
110-6565
110-6565
110-3207
110-3207
110-0104
110-0104
110-0104
110-0104
110-3507
110-3156
110-1251 "
13106-1160 *
110-0104
110-0104
110-0503
110-3105T



Ref. Des.

A5C46
A5C47
* ASC48
* A5C49
ASCS50
ASCS1
ASC52
A5CS53
* A5CS54
* ASCSS

A5CR1
ASCR2
ASCR3
ASCR4
ASCRS
ASCR6
ASCR7
ASCRS
ASCRS
ASCR1Q
ASCR11
ASCR12
ASCR13

A5SL1
ASL2
ASL3

A5Q1
A5Q2
A5Q3
ASQ4
A5QS
ASQ6
ASQ7
ASQ8
A5Q9
ASQ10
ASQ11
ASQ12
ASQ13
ASQ14
ASQLS
A5Q16
ASQ17
AS5Q18

Parts

List

Stereo Demodulator Assembly AS (Cont'd)

Descrigtion

Cap., Cer.,
Cap., Elect.
Cap., Mica,
Cap., Mica,
Cap., Cer.,
Cap., Cer.,
Cap., Cer.,
Cap., Elect,
Cap., Mica,
Cap., Mica,

Lluf

, 1suf
250pf, DM15
10pf, DMI15
L05uf

Jduf

Cluf

, 5uf

22pf, DM1S
22pf, DM15

Diede, Silicon
Diode, Silicon
Diode, Zener

Diode, Silicon
Diode, Silicon
Diode, Silicon
Diode, Silicon
Diode, Silicon
Diode, Silicon
Diode, Silicon
Diode, Silicon
Diode, Silicon
Diode, Silicon

Inductor, Pilot Filter
Inductor, Pilot Filter
Inductor, Pilot Filter

Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,

NPN
NPN
FET
FET
NPHN
NPN
PNP
PNP
NPN
PNP
PNP
NPN
NPN
PNP
NPN
NPN
PNP
PNP

* Indicates factory selected - nominal value shown

QEI Part No.

110-0104
110-3156
110-1251
110-1100 *
110-0503
110-0104
110-0104
110-3505
110-1220
110-1220 =

113-04446
113-04446
113-25234
113-04446
113-04446
113-04446
113-04446
113-04446
113-04446
113-04446
113-04446
113-04446
113-04446

140-42160
140-42155
140-42160

160-04401
160-04401
160-13819
160-138198
160-04401
160~-04401
160-04403
160-04403
160-05179
160-04403
160-04403
160-04401
160-04401
160-04403
160-04401
160-04401
160-04403
160-04403



Ref. Des.

A5Q19
A5Q20
A5Q21
ASQ22

ASR1

ASR2

ASR3

ASR4

ASRS

A5RS

ASR7

A5RS8

ASRY

ASRI1GQ
ASR11
ASR12Z
ASR13
ASR14
ASR1S
ASR16
AS5R17
ASR18
A5R1S
ASR20
ASRZ1
ASR22
ASR23
ASRZ4
ASR25
ASR26
ASRZ27
AGR2S8
ASRZ2S
ASR30
AS5R31
ASR32
ASR33
ASR34
ASR3S
ASR36
ASR37
ASR38
A5R3S
ASR40
ASR41

Parts List

Description

PNP
NPN
PNP
NPN

Transistor,

Transistor,

Transistor,

Transistor,

Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Var.,

Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res ., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res ., Carb.,
Res., Carb.,
Res.,, Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,
Res., Film,

Res., Film,

Res., Carb.,
Res,, Carb.,
Res., Carb.,
Res., Carb.,
Res., Carb.,

15K, LW,
470 Ohm,
10K, kW,
1K

680 Ohm,
270 Ohm,
15K, LW,

5%
LW,
5%

HW,
W,
5%

1K, %W, 5%
1K, %W, 5%
1K, %W, 5%

3.3K, LW,
3.3K, kLW,
3.3K, LW,
4.7K, LW,
2.7K, LW,
1.5, LW,
10K, LW,
100 Chm,
1.5K, %W,

5%
5%
5%
5%
5%
5%
5%
hW,
5%

68 Ohm, 2W,

330 Ohm,

BW,

1K, %W, 5%
1K, %W, 5%

10K, %W,
10K, %W,
10K, LW,
150K, kW,
1.5K, %W,

1K, kW, 5

10K, kW,
6.8K, 4w,
100 Ohm,

1M, %W, 5%

1.2K, %W,

11K, LW, 1%

11K, %W, 1

12K, HW,
2.2K, LW,
10K, %W,
4.7K, %W,
2.2K, LW,

5%
5%

5%
5%

Stereo Demodulator Assembly A5 (Cont'd)

5%

5%
5%

5%

10%
5%

QEI Part No.

160-4403
160-4401
160-4403
160-4401

RC20GF153]
RC2Z0GF471J
RC20GF103J
167- 3102

RC20GF681J
RC20GF271J
RC20GF153J
RC20GF102J
RC20GF102J
RC20GF102J
RC20GF332J
RC20GF332J
RC20GF332J
RC20GF472J
RC20GF272J
RC20GF152J
RC20GF103J
RC20GF101J
RC20GF152J
RC42GF680K

RC20GF331J
RC20GF102J
RC20GF102J
RC20GF103J
RC20GF103J
RC20GF103J
RC20GF154J
RC20GF152J
RC20GF102J
RC20GF103J
RC20GF682J
RC20GF101J
RC20GF105J
RC20GF122J
165-1102

165-1102

RC20GF123J
RC20GF222J
RC20GF103J
RC20GF472J
RC20GF222J



Ref. Des.

ASR42
ASR43
ASR44
A5R45S
AS5R46
ASR47
A5R48
ASR49
ASRSO
AS5RS51
AS5R52
* ASRS53
* ASR54
ASRSS
ASRS6
ASRS57
ASR58
ASRSS
ASRE60
ASR6E1
ASRG2
ASR63
* ASRO4
* ASR6S
ASR66
ASR6E7
ASR68
ASR69
ASR70
ASR71
ASR72
ASR73
A5R74
A5R75
ASR76
ASRT7
ASRTS
A5R79
ASREO
AS5RE81
ASRB2
ASR83
ASR84
ASRES
AS5R86
ASR87

Res.
Res.
Res.
Res.
Res.
Res.
Res .
Res.
Res.
Res.
Res.
Res.
Res.
Res .
Res.
Res.
Res.
Res .
Res.
Res.
Res.
les .
Res.
Res.
Res.
Res .
Res.
Res.
Res.
Res.
Res .
Res.
Res.
Res .
Res .
Res.
Res.
Res.
Res .
Res.
Res .
Res.
Res.
Res .
Res.
Res.

L I N S L

W  w MW W wm w W W w e W W W

Parts List
Stereo Demodulator Assembly AS

Description

Carb., 1K, LW, 5%
Carb., 1K, %W, 5%
Carb., 1K, %W, 5%
Carb., 1K, %W, 5%
Carb., 4.7K, %W, 5%
Carb., 10K, kW, 5%
Carb., 15K, LW, 5%
Carb., 4.7K, %W, 5%
Carb,, 8.2K, %W, 5%
Carb., 1K, %W, 5%
Carb., 1.2K, %W, 5%
Carb., 10K, %W, 5%
Carb., 6.8 K, 4W, 5%
Carb., 33 K, LW, 5%
Var., 25K

Carb., 1’2}(; "iw}
Carb., 8.2K, %W, 5%
Carb., 15X, %W, 5%
Carb., 4.7K, 4W, 5%
Carb., 1K, LW, 5%
Carb., J1.2K, LW,
Carb., 1.2K, LW, 5%
Carb., 10 K, 4W, 5%
Carb., 6.8X, %W, 5%
Carb., 33K, LW, 5%
Var., 25K

Carb., 270 Ohm, kW,
Carb., 104, LW, 5%
Carb., 120K, LW, 5%
Carb., 1.5K, %W, 5%
Carb., 6.8K, L¥, 5%
Carb., 1.5K, 4W, 5%
Carb., 7.5K, %W, 5%
Carb., 10K, YW, 5%
Carb., 6.8K, LW, 5%
Carb., 470 Ohm, LW,
Carb., 4.7 Ohm, %W,
Carb.., 4.7 Onm, kW,
Carb , 470 Ohm, LW,
Carb., 620 Ohm, %W,
Carb., 10K, %W, 5%
Carb., 10K, %W, 5%
Carb., 1.5K, LW, 5%
Carb., 120K, LW, 5%
Carb., 7.5K, %W, 5%
Carb., 1.5K, LW, 5%

* Indicates factory selected - nominal value shown

(Cont'd)

5%

5%

5%
5%
5%
5%
5%

QEI Part No.

RCZ0GF102J
RC20GF102J
RC20GF102J
RC20GF102J
RC20GF472J
RC20GF103J
RCZ0CF1532
RCZ20GF472J
RC20GF822J
RC20GF102J
RCZO0GF122J
RC20GF 103y =
RC20GF 6827 *
RC20GF 333J
167- 2253
RC20GF 1223
RC20GFR822
RC20CGF153J
RC20CF472J
RC20GF102J
RC20GF 122J
RC20GF122J
RC20G F103g *
RC2Z0GF682] *
RC20GF 3333
167-32532
RCOTGF271d
RCZ0GF103J
RC20GF124J
RC20GF152J
RC20GF682J
RC20GF152J
RC20GF752J
RC20GF103J
RCZ0GF682J
RC20GF471J
RC20GF4R7J
RC20GF4R7J
RC20GF471J
RC20GF681J
RC20GF103J
RC20GF103J
RC20GF152J
RC20GF124J
RC20GF752J
RC20GF152]



Parts List

Stereo Demodulator Assembly A5 (Cont'd)

Ref. Des. Description

ASR88 Res., Carb., 6.8K, 4W, 5%
ASR89 Res., Carb., 6.8K, %W, 5%
ASR90 Res., Carb., 470 Ohm, %W, 5%
ASR91 Res., Carb., 4.7 Ohm, XW, 5%
A5R92 Res., Carb., 4.7 Ohm, kW, 5%
AS5R93 Res., Carb., 470 Ohm, LW, 5%
A5R94 Res., Carb., 620 Ohm, %W, 5%
ASR9S Res., Carb., 33K, lW, 5%
ASR96 Res., Carb., 10K, xW, S%
ASR97 Res., Carb., 33K, %W, 5%
ASR98 Res., Carb., 10K, LW, 5%
A5R99 Res., Carb., 33K, 4W, 5%
ASR100 Res., Carb., 4.7K, %W, S%
ASR101 Res., Var., 10K

ASR102 Res., Carb., 27K, %W, 5%
ASR103 Res., Var., 10K

ASR104 Res., Carb., 33K, 4W, 5%
ASR10S Res., Carb., 10K, 4W, 5%
ASR106 Res., Carb., 10K, 4W, 5%
ASR107 Res., Carb., 33K, 4W, 5%
ASR108 Res., Var., 10K

ASU1 I1C, Comparator

ASU2 1C, Op Amp

ASU3 ‘ 1C, Comparator

ASU4 IC, PLL

A5US IC, Decade Counter

A5U6 1C, D Flip-Flop

ASU7 1C, Quad NAND Gates

ASUS8 I1C, Quad NAND Gates

ASU9 IC, D Flip-Flop

ASU10 IC, Op Awp

ASU11 1C, Op Amp

ASU12 IC, Op Amp

A5U13 IC, Op Amp

ASU14 IC, Quad NAND Gates

ASUILS IC, Quad NOR Gates

QEI Part No.

RC20GF682J
RC20GF682J
RC20GF471J
RC20GF4R7J
RC20GF4R7J
RC20GF471J
RC20GF621J
RC20GF333J
RC20GF103J
RC20GF333J
RC20GF1033
RC20GF333J
RC20GF472J
167-3103
RC20GF273J
167-3103
RC20GF333J
RC20GF103J
RC20GF103J
RC20GF333J
167-3103

182-1710
182-1741
182-1710
182-14046
182-7490
182-7474
182-7400
182-7400
182-7474
182-1709
182-1741
182-1741
182-1709
182-7400
182-7402



Parts List
SCA Assembly A6

Ref. Des. Description QEI Part No.
Ab Assembly, P.C. 691006
AGC1L Cap., Cer., .1luf 110-0104
A6C2 Cap., Tant., 1.0uf 110-3105T
A6C3 Cap., Cer., .tiuf 110-0104
A6C4 Cap., Cer., ,luf 110-0104
AG6CS Cap., Tant., 1.0uf 110-3105T
A6CH Cap., Tant., 1.0uf 110-3105T
A6C7 Cap., Elect., 15uf 110-3156
A6C8 Cap., Cer., .luf 110-0104
A6CO Cap., Tant., 1.0uf 110-3105T
A6C10 Cap., Tant., 1.0uf 110-3105T
A6C11 Cap., Cer., .001uf 110-0102
A6C1L12 Cap., Cer., .CLO0luf 110-0102
A6CL3 Cap., Cer., .0luf 110-0103
AGC14 Cap., Elect., 50uf 110-3506
A6C15 Cap., Cer., .0luf 110-0103
A6C16 Cap., Mica, 300pf, DMI15 110-1301
AGCL7 Cap., Cer., .01uf 110-0103
A6C18 Cap., Cer., .01luf 110-0103
A6C19 Cap., Mica, 820pf, DMIS5 110-1821
A6C20 Cap., Cer., .0luf 110-0103
A6C21 Cap., Elect., 5uf 110-3505
A6C22 Cap., Cer,, .1luf 110-0104
AGC23 Cap., Tant., 1.0uf 110-3105T
AGC24 Cap., Cer., .luf 110-0104
A6C2S Cap., Poly, 10,000pf 110-4103
AGCR1 Diode, Silicon 113-04446
AGCR2 Diode, Silicon 113-04446
A6CR3 Diocde, ©&Silicon 113-04446
AGFL1 Filter, SCA B6TKN10OW2
A6J1 Connector, PC Board 130-0019
A6L1 Inductor, Audio 140-84350
A6L2 Inductor, Audio 140-84350
AGQ1L Transistor, NPN 160-4401
A6Q2 Transistor, NPN 160-4401
ABQ3 Transistor, NPHN 160-4401
A6Q4 Transistor, NPN 160-4401
A6Q5 Transistor, PNP 160-4403
A6Q6 Transistor, NPN 160-4401
A6Q7 Transistor, NPN 160-4401
A6Q8 Transistor, NPN 160-4401

A6Q9 Transistor, NPN 160-4401



Ref .

A6R1

AG6RZ

AG6R3

AGR4

AG6RS

AGRGS

AGR7

AGRS

A6RS

A6R10
A6R11
AGRILZ
AB6R13
AGR14
ABRLS
AGR16
AGBR17
AGRI1B
ABR1S
A6RZO
A6RZ21
ABR22
ABRZ23
AGR24
AG6R25
AGRZS
AGRZ7
ABR28
ABR29
A6R30
A6R31
A6R32
AB6R33
AGR34
A6R3S5
AGR36
A6R37
A6R38
ABR3Y
A6R4D
A6R41
A6R4Z
AGR43
ABR44
A6R45

Des.

Res .
Res.
Res .
Res.
Res .
Res .
Res.
Res.
Res .
Res .
Res.
Res.
Res .
Res.
Res.
Res.
Res.
Res .,
Res.
Res .
Res .
Res.
Res.
Res.
Res .
Res.
Res .
Res.
Res.
Res.
Res.
Res .
Res .
Res .,
Res.
Res.
Res.
Res.
Res .
Res.
Res .
Res .
Res .
Res .,
Res.
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Parts List
SCA Assembly A6 (Cont'd)

Description

Carb.,
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.

Var.

Carb.
Carb.
Carb.
Carb.
Carb.

Var.
Carb.

Carb

Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb.

Var.

Carb.
Carb.
Carb.
Carb.
Carb.
Carb.
Carb,

Var.

Carb.
Carb.
Carb.
Carb.
Carb.

var.

Carb.
Carb.
Carb.
Carb.
Carb.
Carhb.

10K,
2.2K,
10K,
2.2K,
22K,
22K,
2.7K,

W e e M e e e

1K

10K,
56K, ,
10K,

W e W e W

2.2K,
10K

Liw,
BW,
!ﬁw,
LW,
LW,
W,
HW,

220 Chm,

HW,
HW,
BW,

220 Ohm,

i
%W,

4.7K, YW, 5%

10K,
22K,
22K,

10K,
2.2K,

W,
%w)
W,
3W,
%w’

hW,

100 QOhm,

3
3
*
s, 10K,
1
3
3
»

1K, %W,

1K
10K,
10K,
4.7K,

4.7K,

W,

!ﬁws
SN,
W,
W,

620 Ohm,

. 4.7K,

2.7K,
10K

. 2.2K,
. 2.2K,
, 10K,
, 56K,
, 10K,
10K

, 10K,
, 6.8K,
. 8.2K,
, 15K,
, 10K,

68 Ohwn,

* Indicates factory selected - nominal value shown

W,

BW,

%W}
i/.?,w)
liw)
LW,

lﬁw}
LW,
%w,

BW,
LW,

(%41

ey

[74]
IFE U1 o® gP L oP LY ge
o

Woun

o»f

1

3

v

5%
S%
5%
kW,
5%

5%
5%
5%
5%
5%
5%
W,

5%

5%

5%
5%
5%
5%

5%
5%
5%

5%
5%

2W,

o

-

QEI Part No.

RC20GF103J
RC26GF222J
RC20GF103J
RC20GF222)
RC20GF223J
RC20GF223J
RC20GF272J
RC20GF221J
167-3102
RC20GF103J
RC2Z0GES563J *
RC20GF183J
RC20GF221J
RC20GF222J
167-3103
RC20GF472 *
RC20GF103J
RC20GF223J
RC20GF223J
RC206F102J
RC20GF103J
RC20GF 222J *
RC20GF101J
RC20GF102J
167-3102
RC20GF103J
RC20GF103J
RC20GF472J
RC20GF472J
RC20GF472J
RC20GFE621J
RCZ0GF 272J
167-3103
RC20GF222J
RC20GF222J
RC20GF103J
RC20GF563)
RC20GF103J
167-3103
RC20GF103J
RC20CGF682J
RC20GF822J
RC20GF153J
RC20GF 103J
RC42GF680K



*

Parts List

SCA Assembly Aé (Cont'd)

Ref. Des. Description

AGR46 Res., Carb., 4.7K, &W. 5%
AGR47 Res., Carb., 620 Ohm, %W, 5%
AGR4S Res., Carb., 56K, %W, 5%
ABR4Y Res., Carb., 22K, %W, 5%
ABRS0 Res., Carb., 2.7K, ki, 5%
A6R51 Res., Carb., 330K, L¥, 5%
A6U1 1C, Op Amp

AGU2 iC, Demod

AgU3 IC, Comparator

A6U4 IC, Op Amp

Indicates factory selected - nominal value shown

QEI Part No.

RC20GF472J
RC20GF621J
RC20GF563J
RC20GF223J
RC20GF272J
RC20GF334J *

182-1741
182-0565
182-0339
182-1741



Ref, Des.

A7C1
A7C2
A7C3
A7C4
AT7CS
ATCé
ATCT
A7C8
A7C9
ATC10
A7C11
A7C12
A7C13
A7C14

A7CR1
A7CR2

A7L1
A7L2

A7Q1
A7Q2
A7Q3

A7R1
A7RZ
A7R3
A7R4
A7RS
ATRS
ATR7
A7RSE

A7T1

Parts List

Local QOscillator Assembly A7

Descrigtion

Cap., Feed-Thru, 1000pf
Cap., Feed-thru, 1000pf
Cap., Feed-thru, 1000pf
Cap., Feed-thru, 1000pf
Cap., Elect., 15uf
Cap., Mica, 470pf

Cap., Var., 1-10pf
Cap., Mica, 1000pf
Cap., Cer., 3.3pf

Cap., Mica, 1000pf
Cap., Mica, 1000pf
Cap., Cer., .05uf

Cap., Elect., 15uf

Cap., Mica, 1000pf

Diode, Varicsap
Diode, Zener

Inductor, RF
Inductor, RF

Transistor, PNP
Transistor, FET
Transistor, NPN

Res., Carb., 4.7K, kW, 5%
Res., Carb., 620 Ohm, %W, 5%
Res., Carb., 62 Ohm, %W, 5%
Res., Film, 649 Ohm, YW, 1%
Res., Carb., 10K, %W, 5%
Res., Carb., 6.8K, %W, 5%

Res., Carb., 680 Ohm, LW, 5%
Res., Carb., 51 Ohm, %W, 5%

Transformer, RF

QEI Part No.

110-7102
110-7102
110-7102
110-7102
110-3156
110-1471
110-6110
110-1102
110-03R3
110-1102
110-1102
110-0503
110-3156
110-1102

113-.52001
113-2056

140-2008
140-2000

160-04403
160-13819
160-04401

RC20GF4723
RC20GF621J
RC20GF620J
165-6450

RCZ0OGF103J
RC20GF682J
RC20GF681J
RC20GF510J

180-22137B



Parts List

SCA Assembly A6 (Cont*d)

Ref. Des. Description QEI Part No.
A6R46 Res., Carb., 4.7K, LW. 5% RC20GF472J
AGR47 Res., Carb., 620 Ohm, 4W, 5% RC20GF621J
A6R48 Res., Carb., 56K, %W, 5% RC20GF563J
A6R49 Res., Carb., 22K, %W, 5% RC20GF223J
AGRSO Res., Carb., 2.7K, %d, 5% RC20GF272J

* AGRS1 Res., Carb., 330K, 44, 5% RC20GF334J *
A6UL IC, Op Amp 182-1741
AGU2 IC, Demod 182-0565
A6U3 IC, Comparator 182-0339
A6U4 IC, Op Amp 182-1741

* Indicates factory selected - nominal value shown



Ref. Des.

A7C1
A7C2
A7C3
A7C4
A7CS
ATC6
A7C7
A7C8
A7CSY
ATC10
ATC11
A7C12
A7C13
A7C14

A7CR1
ATCR2

A7L1
A7LZ

A7Q1
A7Q2
A7Q3

A7R1
ATRZ
A7R3
ATR4
AT7RS5
ATRE
ATR7
ATRS

ATT1

Parts List

Local Oscillator Assembly A7

(ap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.
Cap.

H
»
*
*
H
H
]
3
3
3
?
3
3
H

DescriEtion

Feed-Thru, 1000pf
Feed-thru, 1000pf
Feed-thru, 1000pf
Feed-thru, 1000pf
Elect., 15uf
Mica, 470pf
Var., 1-10pf
Mica, 1000pf
Cer., 3.3pf
Mica, 1000pf
Mica, 1000pf
Cer., .05uf
Elect., 15uf
Mica, 1000pf

Diode, Varicap
Diode, Zener

Inductor, RF
Inducter, RF

Transistor, PNP
Transistor, FET
Transistor, NPN

Res., Carb., 4.7K, LW, 5%
Res., Carb., 620 Ohm, 4W, 5%
Res., Carb., 62 Ohm, %W, 5%
Res., Film, 649 Ohm, 4W, 1%
Res., Carb., 10K, LW, 5%
Res., Carb., 6.8K, XW, S%
Res., Carb., 680 Ohm, %W, 5%
Res., Carb., 51 Ohm, LW, 5%

Transformer, RF

QEI Part No.

116-7102
116-7102
110-7102
110-7102
110-3156
110-1471
110-6110
110~1102
110-03R3
110-1102
110-1102
110-0503
110-3156
110-1102

113-52001
113-2056

140-2008
140-2000

160-04403
160-13819
160-04401

RC20GF472J
RC20GF621J
RC20GF620J
165-6450

RC20QGF103J
RC20GF682J
RC20GF681J
RCZ0GF510J

180-22137B




Ref. Des.

A8

A8C1
ABC2
ABC3

ABCR1
ABCRZ
ABCR3
A8CR4
ABCRS

A8Q1

ABR1
ABR2
ABR3
ABR4

A8T1
ABT2

Parts List

Image Board A8 Assembly

Description
Assembly, P.C.

Cap., Cer., .001luf
Cap., Cer., 3.3pf
Cap., Mica, 120pf

Diode, Siiicon
Diode, Varicap
Diode, Varicap
Diode, Varicap
Diode, Varicap

Transistor, NPN

Res., Carb., 620 Ohm, %W, 5%
Res., Carb., 51 Ohm, 3, 5%
Res., Carb., 47K, %W, 5%
Res., Carb., 82K, %W, 5%

Transformer, RF
Transformer, RF

* Indicates factory selected - nominal value shown

QEI Part No.

110-0102
110-03R3
110-1121 *

113-04446
113-52001
113-52001
113-5650
113-5650

160-04401

RC20GF6214
RC20GF5104
RC20GF473J
RCZ0GF823J *

180-22137A
180-22137A



Ref. Des,
A9

AS9CR1
ASCR2

A9DS1
ASQ1

ASR1
A9R2

Ref. Des.
Al0A, Al10B

A1DADS1, Al0BDS1

A10AQL A10BQl
A10AQ2, A10BQ2

A10ARL, A10BR1
AI0AR2, Al0BR2

Parts List

Peaks Per Minute Readout

Description
Assembly, P.C.

Diode, Silicon
Diode, Silicon

Display, LED
Transistor, PNP

Res., Carb., 120 Ohm, %W, 5%
Res., Carb., 390 Ohm, LW, 5%

Average Voltmeter Readout

Description
Assembly, P.C.

Display, LED

Transistor, PNP
Transistor, PNP

Res., Carb., 350 Ohm, %W, 5%
Res., Carb., 51 Ohm, YW, 5%

QEY Part No.

691-PPM

113-04446
113-04446

182-16710
160- 04403

RC20GF121J
RCZ20GF391J

QEI Part No.

691-AVM
192-16710

160- 04403
160- 04403

RC20GF391J
RC20GF510J



Parts List

Switch Assembly All

Ref. Des. Description QEI Part No
All Assembly, Switch 6910011
AliC1 Cap., Tant., .22uf 110-3224T
A11C2 Cap., Tant., .22uf 110-32247
Al11C3 Cap., Tant., .22uf 110-32247
All1C4 Cap., Cer., .luf 110-0104
Al1CS Cap., Elect., 50uf 110-3506
A11C6 Cap., Elect., 3Suf 110-3505
A11C7 Cap., Cer., .luf 110-0104
AL1CS Cap., Elect., 50uf 110-3506
AlIL1 Inductor 140-42053
A1IR1 Res., Carb., 620 Ohm, 4W, 5% RC10GF621J
A1IR2 Res., Carb., 10K, %W, 5% RC20GF103T
ALl1R3 Res., Carb., 3.3K, LW, 5% RC20GF332J
Al1R4 Res., Carb., 120K, LW, 5% RC20GF124J
ATIRS Res., Carb., 120K, 4W, 5% RC20GF124J
ALIR6 Res., Carb., 1K, W, 5% RC20GF102T
A11R7 Res., Carb., 2.2K, W, 5% RC20GF2223
Al1RR Res., Var., 10K 167-3002
AL 1RS Res., Carb., 3.3K, LW, 5% RC20GF332J
Al1R10 Res., Carb., 2.2K, 4W, 5% RC20GF222]
Al1R11 Res., Carb., 2.2K, 4W, 5% RC20GF222)
A11R12 Res., Carb., 2.2K, LW, 5% RC20GF222J
A1l181 Switch 175-0013

A11U1 IC, Op Amp 182-1741



Ref. Des.

Al2

Al1251

AlZR1
* Al2R2

Parts List

Switch Assembly AlZ

Description
Assembly, P.C.

Assembly, Switch

Res., Carb., 2.2K, kW, 5%
Res., Carb., 3.3K, LW, 5%

* Indicates factory selected - nominal value shown

QEI Part No.

6910012
175-0012

RC20GF222J
RC20GF332J *



SECTION 7
INTERCONNECTION TABLES



A2E1
A2E2
A2E3
AZ2E4
A2ES
A2E6
A2E7
A2EB
A2ES
AZE10
A2E11
AZE12
A2E13
A2E14
A2E15
A2E16
A2E17
A2E18
AZE1S
A2E20
A2E21
A2E22
A2EZ3
A2E24
A2E25
A2E26
A2E27

to +5
to A1S2 - .8C
to A1S2 - .4C
to A1S2 - .2C
to A152 - .1C
to A1SZ - 8C
to ALIS2 - 4C
to AlS2 - 2C
to AlS2 - 1€
to A1S2 - 10C
to A1S2 - 80C
to ABE1l
No Conn.
to A7C4
to A7J2
to AlJdl2
to A4E2
to A1S7-3, A4tl
to A1CR2
to A1SH - 100T
to A1SS ~ BOT
to A1S5 - 40T
to A1SS - 20T
to A2S5 - 10T
to A1S5 - 8T
to A1SH - 47
to A255 - 2T

Interconnection

PLL and Total Meter

AZ2E28
A2E29
AZE30
A2E31
A2E32
A2E33
A2E34
A2E35
A2E36
A2E37
A2E38
A2E39
AZE40
A2E41
A2E42
A2E43
A2E44
AZ2E45
AZEAB
AZE4T
A2£48
AZE49
AZES0

Table

Driver A2

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

A2S5 - 17
+12V

-12v

A4E8, ASEZ, AlJd14-1
A1S5 - Common
GND.

A1DS1

A1TR1-2

A1d1

Al1J?

Al12E2

A12E3

A12E4

AlZE]

A1TBI-1

A1M1

A3EB9

A3ES6

A3ES7

A3ES8

A3EE9, Al1S6-1, ASES
A3E68B

A4E24



Interconnection Table

Dual Average Voltmeter Assembly A3

A3El to A1S13A - 1 A3E39 to A1S13B-4
A3E2 to AISI3A - 1 A3E40 to A1S13B-1
A3E3 to AISI3A - 5 A3E41 to A1S13B-5
A3E4 to Al1SIZ2A - 17 A3E42 to AIS1S5B, A11E2
A3ES to AlS1Z2A - 2T A3E43 to AICRGB
A3E6 to AISIZ2A ~ 47 A3E44 to A1S10-3
A3E7 to A1S12A - 8T A3E4S5 to AI0B-El
A3E8 to AISIZ2A - 10T A3E46 to AIMZB
A3ES to AlIS12A - 207 A3£47 to AlTB1-12
A3E10 to A1S12A - 407 A3E48 to Al1S14B-6
A3E11 to Al1S12A - 80T A3E49 to AL10B-EZ2
A3E12 to A1S12A -~ 1007 A3ES50 to Al0B-E3
A3E13 to AlS1ZA - Common A3E51 to A10OB-E4
A3E14 to ALSI2B - 1T A3E52 to A10B-ES
A3E1S to AlS12B - 2T A3E53 to A10OB-E6
A3E16 to A1S12B - 47 A3E5R4 to A10B-E7
A3E17 to Al1S12B - BT A3ESH to A10B-E8
A3E18 to A1S12B - 107 A3EBE to AZE4S
A3E19 to AlS12B - 207 A3ES7 to A2E46
A3E20 to A1S12B -~ 407 A3ES8 to A2EAT
A3E21 to A1S12B - BOT A3E59 to A?F44
A3E22 to A1S12B - 1007 A3EB0 to A9-E1
A3E23 to AlS12B - Common A3E6Y to A9-£2
A3E24 to A1S15A-1 A3E62 to A9-E3
A3E25 to ALCRBA A3E63 to A9-t4
A3EZ26 to A1S10-1 A3E64 to A9-ES
A3E27 to ALlESG A3E6E5 to A9-EB
A3E28 to A10A-E1 A3ER6 to A9-E7
A3E29 to AIMZ2A A3E6T7 to AS-EB
A3E30 to Al1TB1-10 A3E6G8 to AZEA4S
A3E31 to A1S14A-6 A3EES to A2E4B, Al1S6-1, A9E9
A3E32 to AlOA-E2 A3E70 to +12V
A3E33 to ALOA-E3 A3E71 to -12V
A3E34 to Al1DA-t4 A3E72 to +5V
A3E35 to A1OA-ES A3E73 to Al1S14A-4
A3E36 to AlDA-E® A3E74 to Al1S14B-4

A3E37 to AlDA-E7
A3E38 to Al0A-E8



A4El
A4E2
A4E3
A4E4
A4ES
A4E6
A4E7
A4ES
A4E9
A4E10
A4E11
A4E12
A4EL3
A4E14
A4E1S
A4E1E
A4E17
A4E18

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

Interconnection Table

Receiver Assembly A4

A187-3, A2E18
AZE17
A237-1, A7C3
A7d1
ABE
A1S16-1
A1516-2
A2E31, A5E2, AlJdl4-1
A12ES
=12V
+12V
A11E1l
A12E19
A11E7
AlR3
A12E8, Al11LES8
A12E18, AJC1
A7C2

A420 to A1SB-3

A4EZ21
A4E22
A4E23
A4E24
A4E25
A4E26
A4E27
A4EZ8
A4E29
A4E30
A4E3]
A4E32
A4E33

to
to
to
to
to
to
to
to
to
to
to
to
to

A1S3
A1CR4
AICRS
A2E50
Al2E11, A11E1O
A11E24
A12E15
A12E17
A11E25
A12E14
A11E22
A12E20
+18V



ASEL
ASE2
ABE3
A5E4
ASES
ASEG
AbE7
ASE8
A5ES
ASE10
A5E11
A5E12
ASE13
ABE14
A5E1S
ASE16
ASE17
ASE18
ASE19
ABE20
ASEZ21
ASE22
A5E23
ASE24
ASE25

{0
to
to
to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to
to
to
to
to

Interconnection Table

Stereo Demodulator Assembly A5

+12V
A2E31, A4E8, AlJ14-1
-12V
+bV
+18V
-18V
AlT2
AlT3
A12E12
Al2E7
A11E17
A1DS3

Ald14-16
A11E13
A158-5
A158-1

A1R11
AlFL1-1
A1FL1-2
A1R8, AllEZ1
AIR7, Al11E20
A1510-4
A1S10-6
A11E1l6



A7CL
A7C2
A7C3
ATC4
ATJ1
AT732

Interconnection Table

Local Oscillator Assembly A7

to A4EL7, A12E18
to A4E18
to A1S87-1, A4E3
to A2E14
to A4E4
to A2ELS



A8E1 to AZ2El2
ABEZ to AlJll
ABE3 to AlR2
ABE4 to AICR3
ABES to A4E5

Interconnection Table

Image Board A8 Assembly



ASE1
ASE2
ASE3
ASE4
ASES
ASES
ASE7
AOER
ASES

to
to
to
to
to
to
to
to
to

A10AE]
A1OAE2
A1QAES3
A1DAE4
AlQAES
A10AEG
A10AE?
A10AES
A10AE9

Interconnection Table

Peaks Per Minute Readout Assembly A9

A3EBD
A3E61L
A3E62
A3EB3
A3E64
AZEGS
A3E6E
A3E6T7
A2E48, Al156-1, A3E69

Interconnection Table

Average Voltmeter Readout Assemblys ALCA § AIOB

to AJE28 A10BE1 to A3E4S
to A3E3Z A10BEZ to A3EA4S
to A3E33 AL1Q0BE3 to A3ES0
to A3E34 A10BE4 to A3ES1
to A3E35 AI0BES to A3ES2
to A3E36 A10BE6 to A3ES3
to A3E37 A10BE7 to A3ES4
to A3E3S A10BES to A3ESS
to A1SI4A-1 AIOBES to A1514B-1



Interconnection Table

Switch Assembly All

AL1E1 to AlS13A-2
A11E2 to A1S15B, A3E42
A11E3 to AlJ14-8
Al1E4 to AlJ14-21
A11ES to A1J14-4
Al1E6 to A3E27

A11E7 to A4E14

A11E8 to A4E16, A12ES8
A11E9 to A1S13B-2
A11E10 to A4E25, A12E11
A11E11 to A4E12
A11E12 to AlR14
A11E13 to ASE1S
A11E14 to -12V

A11E1S to +12V

A11E16 to ASE2S
A11E17 to ASE1l
AL1E18 to AIRIS
A11E19 to AIR13
A11E20 to AIR7, ASE22
A11E21 to AIR8, A5E21
A11E22 to A4E31
A11E23 to Al12E16
A11E24 to A4E26
A11E25 to A4E29



Interconnection Table

Switch Assembly Al2

A12E1 to A2E41

A12E2 to A2E38

A12E3 to A2E39

A12E4 to A2E40

A12ES to A4ES

A12E6 to AlJ4

A12E7 to ASE10

A12E8 to A4E16, A11E8
A12E9 to -12V

AI2E10 to +12V

AI2E11 to A4E25, ALIE10
A12E12 to ASE9

A12E13 to AlJ3

A12E14 to A4E30
A12E1S to A4E27
AI2E16 to A11E23
A12E17 to A4E28
A12E18 to A4E17, ATCI
A12E1S to A4E13
A12E20 to A4E32
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ADDENDUM

691 INSTRUCTION MANUAL
ADDITIONAL TESTING

HOW TO GET AN AMPLIFIED DISPLAY OF MULTIPATH
USING THE QEI MODEL 691 FM MODULATION MONITOR/TEST SET

With the oscilloscope in the X-Y mode, connect the horizontal input to the
composite output of the 691. Attach the scope vertical input to the 691
front panel Scope output. Set the Output Select switch to the Chanﬁe1 B
position and select the AM Signal-to-Noise position of the Display Select
switch bank in the lower right-hand corner of the 691. Momentarily move

the Channel B Meter Select switch from the FCC position to the AUTO position
until the auto-range display shows 20 dB. The instant 20 dB is shown, move
the Meter Select switch to the HOLD position. The scope should now show an

amplified view of any multipath that is present.



OPERATING INSTRUCTIONS
FOR THE /02 OPTION OF THE 691 MONITOR

The /02 option to the 691 Monitor changes the features of the standard
691 Monitor as follows:

1. The SCA NARROW, MAIN position of the DISPLAY SELECT switch is deleted
and replaced with SCA #1 INJ, SCA #1 MOD.

2. The SCA WIDE, SCA MOD position of the DISPLAY SELECT switch is deleted
and replaced with SCA #2 INJ, SCA #2 MOD.

OPERATION

1. SCA #1 will always be 67 kHz. With the DISPLAY SELECT switch in
any position except SCA #2 INJ, SCA #2 MOD, the SCA PRESENT lamp
and demodulated audio will be that of the 67 kHz. When the SCA #1 INJ,
SCA #1 MOD position is selected, the SCA #1 injection is displayed
on the CHANNEL A meter. The SCA #1 Modulation is displayed on the
CHANNEL B meter.

2. When the SCA #2 INJ, SCA #2 MOD position is selected, the SCA #2
Injection (92 kHz) is displayed on the CHANNEL A meter and the
SCA #2 modulation is displayed on the CHANNEL B meter. Also, the
SCA PRESENT Tamp and demodulated SCA will be that of the SCA #2
frequency (92 kHz).




691 OPTION 02
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USING THE PPM COUNTER WITH SCA

The Peaks Per Minute counter is set at the factory to detect modulation
peak levels greater than 100%. ‘

FCC rule changes permit, in certain instances, an increase in the
percentage level of modulation when using an SCA.

The Peaks Per Minute voltage references can be reset to your station’s
tegal modulation limit.

Refer to Section 5 "Alignment and Troubleshooting”, review Section 5-2
items 1 ~ 11 before proceeding. With reference to items 5-2, 4 & 5.
Changing the voltage setting of TP3 & 4 by approximately 30 M.V. + and -
with respect to TP1 & 2 will change the PPM detection point by
approximately 1%.

The following table 1ists the approximate voltage settings for

TP3 and TP4, needed to change the PPM detection point.

Ex. TP1 = TP2 = 3.00 V. * TP3 & 4 *PPMZ
3.00V. 100%
3.03V. 101%
3.15V. 105%
3.30V. 110%

*(A11 values are nominal)

Recheck items 5-2, 2 through 11. Substitute the new values where
applicable,



P

02 OPTION
PARTS LIST SUPPLEMENT

The following 1ist of component changes apply to the 02 Option,

(Dual 67 & 92 kHz SCA).

Circuit Board Assy.

A7, 8, 9, 10

All

A2

A2

A2

A3

A4

A5

A6

Change
Component #  From To

R82 8.2K ohm 6.8K ohm
R85 8.2K ohm 6.8K ohm
€28 15 pf 5 pf
Cl113 15 uf 200 uf
NO CHANGES
NO CHANGES
R2 2.2K ohm 1.2K*
R3 10K ohm 750 ohm
R4 2.2K ohm 1.0K ¢ghm
R8 220 ohm DELETE
R9 1.0K 10.0K

St.Pot St.Pot
RZ26 10K ohm DELETE
R52 (Added New #) 1.5K
ci 1 ouf DELETE
c7 15 uf 200 uf
€21 5 uf 200 uf
€26 (Added New #) 27 pf
NO CHANGES
€8 50 uf 200 uf

QEI Part #

RC20GF682J
RC20GF682J
110-1050

110-3207

RC20GF122J
RC20GF7514d
RC20GF102J

167-3103

RC20GF152J
110~3207
110-3207
110-1270

110-3207



02 OPTION

5-5 DUAL SCA DEMODULATOR ALIGNMENT (A6 Assembly)

1.

10.

11.

12.

13.

14,
15,

Complete alignment of A2 assembly (Section 5:2) and A3
assembly {Section 5-3).

Apply an input signal of 92 kHz. into the COMP IN (A1J13).
Adjust dnput level until MOD PEAK lamp just lights at 100%.

Reduce input Tevel by exactly 20 dB.

?epress SCA 2, SCA 2 MOD button on DISPLAY SELECT switch
A1511).

Adjust A6R25 until CH,A meter (AIM2A) reads 100%. This
is equal to 10% SCA injection.

Repeat steps 2 & 3 with an input signal of 67 kHz.

Depress SCA 1, SCA 1 MOD button on DISPLAY SELECT switch
(A1S11).

Adjust ABR9 until CH. A meter (AIM2A) reads 100%. This
is equal to 10% SCA injection.

Reduce SCA injection to 3%. Adjust A6R39 until SCA
PRESENT lamp (A1DS4) just lights.

Remove the input signal from AlJ13. Connect a freguency
counter probe to ABUZ2-9., Adjust A6R33 until the free
running frequency on A6UZ-9 is 80 kHz.

Connect your 92 kHz generator to the COMP IN (A1J13) and
also a low frequency spectrum analyzer. Adjust COMP LEVEL
{A1R4) for 10% injection.

Depress SCA 2, SCA 2 MOD button on DISPLAY SELECT switch
(A1S11). Place DEV switch (A1S9) in 4 kHz position.

Modulate the SCA generator with a fregquency of 1660 Hz.
Increase the audio input until the 92 kHz carrier displayed
on the spectrum analyzer nulls for the first time.

NOTE: this is a Bessel null function for 4 kHz deviation.

Adjust ABRIS until CH. B meter (AIM2B) reads 100%.

Repeat steps 11, 12, 13, and 14 except use a 67 kHz
SCA generator, and select the SCA 1, SCA MOD position.
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