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LIST OF ABBREVIATIONS

AC Alternating Current

AM Amplitude Modulation
B.A, Bias Adjust

BFO Beat Frequency Oscillator
B.W. Bandwidth

C Capacitance

CCwW Counterclockwise

CPS (~) Cycles per Second

cw Carrier Wave

D Deep

DB Decibel

DC Direct Current

F.C. Frequency Control

FM Frequency Modulation
FSK Frequency Shift Keying
GM Transconductance

H High

IF Intermediate Frequency
J Connector

K 1000 Ohms

KC Kilocycle per Second

L Inductance

LSB Lower Sideband

MC Megacycle per Second
MCW Modulated Carrier Wave
MV Millivolt

Q Ohm

PP Peak to Peak

SSB Single Sideband

USB Upper Sideband

uv Microvolt

v Volt

VTVM Vacuum Tube Voltmeter

W Wide



CERTIFICATION

The RYCOM Instruments Company certifies that this instrument was thoroughly
tested and inspected and found to meet its published specifications when it
was shipped from the factory.

WARRANTY AND ASSISTANCE

All RYCOM Instruments Products are warranted against defects in material and
workmanship. This warranty applies for one year from the date of delivery,
or, in the case of certain major components listed below for the specified
period we will repair or replace products that prove to be defective during
the warmanty period. No other warranty is expressed or implied. We are not
liable for conmsequential damages.

Exceptions in our products using dry batteries or Ni-Cad batteries the above
warranty applies to the equipment only. Ni-Cad batteries are subject to original
manufacturers inspection.

Where it is necessary to retumn the instrument to the factory, furnish information
to the nature of trouble encountered., Ship prepaid to:

RYCOM INSTRUMENTS
9351 East 59th Street
Raytown, Missouri 64133

Attention: Service Department
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CHAPTER I
GENERAL

1. SCOPE.

a. This publication contains chapters on General (Introduction),
Installation, Operation, Theory of Operation and Main:enance for the
R1307A/GR Radio Receiver.

b. All symbols referred to such as V1,Xl and all controls
capitalized such as CAL 1 LEV or METER are used in the schematic draw-
ing and/or marked on the chassis or front panel of the instrument.

The R1307A/GR is hereafter referred to as Receiver.

2. CLASSIFICATION. This publication and the equipment to which
it refers are UNCLASSIFIED. Caution should be exercised, however,
when handling or discussing this equipment since it may be used as part
of an overall system which carries a higher classification.

3. DESCRIPTION AND DATA.

a. The Receiver covers the frequency range of 3 KC to 810 KC
in five bands. The Receiver circuitry has provisions for demodulating
most types of signal: Amplitude modulation detector, product detector
and a limiter-frequency discriminator. The local oscillator frequency
can be controlled by the application of an external DC voltage.

b. The Receiver is designed for relay rack mounting in a
standard 19 inch rack. The Receiver requires &-3/4 inches of panel
space and 16 inches of space behind the panel. Weight of the Receiver
is 35 pounds.

¢c. Input and output connections including primary power are
on the rear of the unit. All signals are on type BNC receptacles.
The primary power receptacle is a MS3102A-14S-7P receptacle. An 8-
foot power cord is supplied with the unit.

d. All operator controls are located on the front panel of
the Receiver. A speaker and HEADSET jack on the front panel permit
aural monitoring by the operator.

4, TECHNICAL CHARACTERISTICS.

a. Input Characteristics.

(1) Impedance: 3K or greater over entire frequency range
(capacitively coupled).

(2) Level: 100uv to 30V.

(3) Frequency Range: 3 KC to 810 KC.

(L) Types of Signal: AM, CW, MCW, SSB, FM and FSK.
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b. Receiver Characteristics.

(1) 1IF Center Frequency: 2.215 MC.
(2) 1IF Selectivities: 1 XC, 2 KC, 4 KC and 8 KC.

(a) Passband ripple: +1 DB maximum.

(3) Detectors.

(a) AM detector used for amplitude modulation
and modulated carrier wave.

(b} Product detector used for single sideband and
carrier wave.

1. Injection oscillator control.

a. Crystals for upper sideband and lower
sideband.

b. Beat frequency oscillator for carrier
wave. BFO adjustable +7 KC from center IF frequency.

(c) Limiter: Frequency discriminator, used for
frequency modulation and frequency shift keying. .9 volts per kilo-
cycle, nominal output.

(4) Local Oscillator.

(a) Thermal stability: +100 CPS (constant environ-
ment one hour warmu%)3
b

¥FC sensitivity: 500 CPS, minimum shift per volt
input.

(¢} Dial error: +2 KC maximum. +500 CPS nominal.

(5) Internally generated harmonics of input signal:
nominal -60 DB (O DB meter reference, with attenuator set 40 DB below
input signal).

¢. Output Characteristics.

(1} Impedance.

(a) Audio output: 600 ohms.
(b) FM output: 5K ohms or greater.
(c) 1IF output: 200 ohms or greater.

(2) Level.

(a) Audio output: adjustable, 10 volts maximum.

{(b) FM output: 0.9 volt/KC nominal centered at
approximately +8V DC.

{c) 1IF output: 1 volt PP nominal.
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(3) Frequency Response.

(a) Audio output: determined by IF selectivity
switch and audio bandwidth switch (2 KC, é KC and Flat).

(b) FM output: dc coupled, determined by IF sel-
ectivity.

(c) IF output: centered at 2.215 MC and determined
by IF selectivity.

(4) Signal to noise ratio: 36 DB nominal measured at IF
output J7 with 4 KC selectivity and MONITOR in AM position.

d. Mechanical Characteristics.

(1) Size: 19"W, 15'D and 8—3/h“H.
(2) Weight: 35 pounds.
(3) Mounting: 19 inch relay rack.

e. Power Requirements.

(1} Voltage: 98 to 130V AC 48 to 62 CPS, single phase.
(2) Current: 0.6 amps.

5. ADDITIONAL EQUIPMENT. The following test equipment is required
to test and align the Receiver and is not supplied.

a. OSweep Generator and Display Unit. Use to align IF ampli-
fier and crystal filters.

(1) Center frequency between 50 KC and 500 KC.
(2) Sweep width variable from 5 KC to 40 KC.
(3) Sweep rate 1 to 4 per second.

b. VIVM. (Triplett 850 or equivalent).

c. Counter.
(1) Minimum counting rate 3 MC.
{(2) Gate time 1 second and .0l second.
{(3) Display time variable.

d. Signal Generator. (Measurements Corp 65-B or equivalent).

e. AC-VIVM. (Hewlett-Packard 4OOL or equivalent).
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CHAPTER II
INSTALLATION

6. INSPECTION. The Receiver has been thoroughly tested and
inspected before shipment. After unpacking it should be inspected for
shipping damage such as external dents, scratches, bent or broken con-
trols and receptacles. The dust cover should be removed and the unit
checked for internal loose or damaged parts. All instances of damage

must be logged and reported to the officer in charge of the installa-
tion.

7. POWER REQUIREMENTS AND DISTRIBUTION. The power source for
satisfactory operation is 115V AC 50/60 CPS. A variation {98 to 130V

and 48 to 62 CPS) may be tolerated without appreciable effect on the
equipment.

8. INITIAL ADJUSTMENT. After the Receiver has been unpacked and
inspected, plug into the proper 115V AC receptacle. Turn "ON" with
the METER switch and allow to warm up. After five minute warm up,
perform the following tests.

a. Preliminary Settings. Set controls listed in the fol-
lowing table to designated position.

METER switch - CAL
SELECTIVITY XC - 1

BAND SELECTOR - B or C
MONITOR ~ AM

ATTENUATOR - CAL

MONITOR LEVEL - Clockwise
BFO - 0

SPEAKER - ON

AUDIO B.W. - FLAT

b. Procedure.

(1) Tune Receiver for a maximum meter indication at
approximately CAL (250 KC).

(2) Adjust CAL 1 LEV for a O DB meter reading. Noise
should be audible at speaker.

(3) Tune Receiver until meter indicates -10 DB. Switch
SELECTIVITY to 2 KC. Meter indication should return to approximately
0 DB.

(4) Tune Receiver until meter indicates -10 DB. Switch
SELECTIVITY to 4 XC. Meter indication should return to approximately
0 DB.

(5) Tune Receiver until meter indicates -10 DB. Switch
SELECTIVITY to 8 KC. Meter indication should return to approximately
-2 DB.

(6) Set MONITOR LEVEL to 50% rotation. Set MONITOR to
LSB. An audio tone should be on the monitor.
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(7) Set MONITOR to USB. Audio level should not change,
audio frequency should change.

8) Set MONITOR to BFO. Rotate BFQ control. Audio tone
should change in frequency when the BFO control is rotated.

(9) Set MONITOR to FM. Set MONITOR LEVEL to clockwise
position. Audio output should be ‘quiet.” Set ATTENUATOR to +30 DB.
Audio output should become '"noisy."

(10) The above tests indicate the Receiver is in elec-
trically operating condition, may be placed in rack and connected to
interconnect cables.
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CHAPTER III
OPERATION

OPERATING CONTROLS AND INPUTS-OUTPUTS.

Control Function
a. AUDIO B.W. Determines audio "roll off"™ frequency

---2 KC, 6 KC or FLAT.

b. ATTENUATOR Controls input level to receiver in 10
DB steps. Feeds output of the calibrate
oscillator into the "front end" in CAL

position.

c. B.A. Adjust bias on voltage variable cap-
acitors Vel and Ve2.

d. BAND SELECTOR Determines operating frequency of the
Heceiver in conjunction with the TUNING.

e. BFO Controls frequency of the BFO when it
is in use.

f. CAL 1 LEV Determines gain of the Receiver by ad-
justing of the IF gain.

g. CAL 2 Sets calibrate frequency level.

h. METER Place short across meter in METER OFF

position. Read average output of IF
amplifier in IF position. Turn on cali-
brate oscillator and read average output
of IF in CAL 1 and CAL 2 positions.

Turn AC power off in POWER OFF position.

i. SPCEAKER Turns speaker ON or OFF,
j. MONITOR LEVEL Controls audio amplifier gain.
k. SELECTIVITY KC Determines IF passband of Receiver---

1, 2, 4 or 8 KC.

1. MONITOR AM, LSB, Determines type of detection the Rec~
UsB, BFO, FM eiver will perform. Feeds detected
signal to the audioc amplifier.

m. TUNING Determines operating frequency of the
Receiver in conjunction with the BAND
SELECTOR.
6
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Receptacle or Jack Type Function

n. INPUT Jl BNC Signal input.

o. IF OUTPUT J7 BNC 2.215 MC IF output, 1 volt PP,

p. FM OUTPUT J6 BNC DC coupled FM detector output
centered at approximately +7V
DC.

q. AUDIO OUTPUT J8 BNGC 6008 audio output.

r. F.C. J5 BNC FC input.

s. HEADSET J9 PHONE Standard headset, output.

Indicating Devices Function

t. METER Reading indicates proper ATTEN-
UATCR setting for vest demodu-
lation.

10. CALIBRATION (Level and Frequency). Calibration of the Receiver
is performed to set the level or gain of the Receiver and check the fre-
quency calibration. (The level calibration of the unit is performed at
250 XC). The frequency check points are every 250 KC and "O" frequency
on Band A).

a. Preliminary Settings. Set controls listed in the fol-
lowing table to designated position.

METER switch - CAL 1
ATTENUATOR - CAL

SELECTIVITY KC -~ 1

BAND SELECTCR - B or C
MONITOR - BFO

BFO - O

MONITOR LEVEL - 50% ROTATION
SPEAKER ~ ON

AUDIO B.W. -~ FLAT

b. Procedure.

{1) Adjust TUNING at CAL (250 KC) until meter reads max-
imum. Adjust TUNING so the signal is in the approximate center of the
1 KC passband. Adjust BFO until audio output indicates a "zero beat."
-If necessary loosen the screw holding the BFO knob to the shaft and
rotate the knob to align it with the 0" on the panel. Tighten screw.
Set CAL 1 LEV for a O DB meter reading.

(2} Frequency may be checked on other bands vy tuning
to harmonics of 250 KC and listening for an audio "zero beat." (It
may be checked on Band A by tuning to "0% frequency).

7
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11. MEASUREMENTS (Level and Frequency). The Receiver may be used
to measure frequencies and levels of discreet signals spaced more than
1.5 KC apart.

a. Preliminary Settings. Set controls listed in the follow-
ing table to designated position.

METER switch -~ IF

SELECTIVITY KC - 1

MONITOR - AM

SPEAKER - ON

MONITOR LEVEL - 504 ROTATION
AUDIO B.W. - FLAT

b. Procedure.

(1) Receiver should be calibrated according to Paragraph
10 before a series of level measurements are made.

(2) Set ATTENUATOR to the lowest level signal to be meas-
ured. Adjust TUNING and BAND SELECTOR until meter is deflected.

(3) Adjust TUNING for maximum meter indication while in-
creasing attenuation of ATTENUATOR. Final adjustment should reflect
an indication of between +2 DB and -8 DB on DB meter scale.

(4) The level of the tuned signal is determined by the
algebraic sum of meter indication and the ATTENUATOR setting. The
frequency is determined by the TUNING pointer and BAND SELECTOR. If
the audio output is noise, the signal is a single frequency and does
not have amplitude modulation under 500 CPS. Higher modulation freq-
uencies can be checked for by using a wider selectivity. FM can be
checked for by using the FM monitor position

12. DEMODULATION. To achieve full use of Receiver, the types
of modulation to be demodulated must be understood. The Receiver is
equipped with three types of demodulators. 1) peak envelope detector.
2? product detector. 3) 1limiter-frequency discriminator. Use of
the detectors will demodulate Amplitude Modulation (AM); Modulated
Carrier Wave; single sideband; either lower sideband (LSB) or upper
sideband (USB); carrier wave; Frequency Modulation (FM) and Frequency
Shift Keying. The procedures to adjust the Receiver to perform the
above demodulations are as follows.

a. AM (Amplitude Modulation) or MCW (Modulated Carrier Wave}.

(1) Preliminary Settings. Set controls listed in the
following table to designated positions.

METER switch - IF

MONITOR - BFO

SPEAKER - ON

MONITOR LEVEL - 50% ROTATION
AUDIO B.W. - 6 KC
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(2) Procedure.

(a) Receiver should be calibrated daily according
to Paragraph 10. Set BFO to zero position according to Paragraph 10.
Set SELECTIVITY KC to desired bandwidth or 8 KC. Set ATTENUATOR to
approximate level of signal to be demodulated or the noise base of
spectrum. Set BAND SELECTOR to appropriate frequency range.

(b) Adjust TUNING to frequency to be demodulated.
Simultaneously increase attenuation by turning ATTENUATOR clockwise
until a maximum on scale meter reading is reached. This maximum
should read between -8 DB and +2 DB on DB meter.

(c) Listen to audio output and zero beat BFO with
carrier. Switch MONITOR to AM. If modulation is narrow, frequency
wise, the selectivity and audio bandwidth of the unit may be decreased.

b. SSB (Single Sideband). The procedure for demodulating
either upper or lower sideband are identical except the upper sideband
is demodulated with the MONITOR switch in USB. The lower sideband is
demodulated with the MONITOR switch in LSB.

{1) Preliminary Settings. Set controls listed in the
following table to designated positions.

METER switch -~ IF

MONITOR - LSB or USB

SPEAKER - ON

MONITCR LEVEL - 50% ROTATION
SELECTIVITY KC - &

AUDIO B.W. - 6 KC

(2) Procedure.

(a) Receiver should be calibrated daily according
to Paragraph 10.

(b) Set ATTENUATCOR to approximate level of signal
to be demodulated or the noise base of the spectrum. Set BAND SEL-
ECTOR to appropriate frequency range.

Adjust TUNING to frequency to be demodulated. Simultaneously increase
attenuation by turning ATTENUATOR clockwise and adjust TUNING until a
maximum on scale meter reading is reached.

This maximum should read between -8 DB and +2 DB on DB meter.

(c) Listen to audio output, adjusting TUNING for
best demodulation characteristics.

Upper sideband will give best demodulation characteristics when the
TUNING is set to the lower frequency edge of the channel being demod-
ulated. Lower sideband to the upper frequency edge.

¢c. CW (Carrier Wave).

(1) Preliminary Settings. Set controls listed in table
on following page to desighated positions.
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METER switch - IF

MONITOR - BFO

SPEAKER - ON

MONITCR LEVEL - 50% ROTATION
SELECTIVITY KC - 1

AUDIO B.W. - 2 KC

(2) Procedure.

(a) Receiver should be calibrated daily according
to Paragraph 10. Set BFO to zero according to Paragraph 10.

(b) Set ATTENUATCR to approximate level of signal
to be demodulated or the noise base of the spectrum. Set BAND SEL-
ECTOR to appropriate frequency range.

Adjust TUNING to frequency to be demodulated. Simultaneously increase
attenuation by turning ATTENUATOR clockwise until a maximum, on scale,
meter reading is reached. Zero beat BFO with signal. The maximum
should read -8 DB and +2 DB on DB meter {Note: the meter will be
pulsating).

(c) Adjust the BFO to desired audio tone.

d. FM (Frequency Modulation).

(1} Preliminary Settings. Set controls listed in the
following table to designated position.

METER switch - IF

MONITOR - FM

SPEAKER - ON

MONITOR LEVEL - 50% ROTATION
SELECTIVITY KC - 8

(2} Procedure.

(2) Receiver should be calibrated daily according
to Paragraph 10.

(b) Set ATTENUATOR to approximate level of signal
to be demodulated or the noise base of the spectrum.
Set BAND SELECTOR to appropriate frequency range, Adjust TUNING to
frequency to be demodulated. Simultaneously increase attenuation by
turning ATTENUATOR clockwise until a maximum, on scale, reading is
reached. The maximum should read between -8 DB and +2 DB on DB meter.
Turn ATTENUATOR CCW one position.

(c) Readjust TUNING for ‘cleanest® output. An
external FM output may be obtained from the audic output J8 or the
FM output Jb6.

e. FSK {Frequency Shift Keving).

(1) Preliminary Settings. Set controls listed in table
on following page to designated positions.
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METER switch - IF

MONITOR - BFO

SPEAKER - ON-

SELECTIVITY KC - 2

MONITOR LEVEL - 50% ROTATION
AUDIO B,W. - 6 KC

(2) Procedure.

(a) Receiver should be calibrated daily according
to Paragraph 10. Set BFO to zero according to Paragraph 10.

(b) Set ATTENUATOR to approximate level of signal
to be demodulated or the noise base of the spectrum. Set BAND SELEC-
TOR to appropriate frequency range.

Adjust TUNING to frequency to be demodulated. Simultaneously increase
attenuation by turning ATTENUATOR clockwise until a maximum, on scale,
reading is reached. The maximum should read between -8 DB and +2 DB
on DB meter. Turn ATTENUATOR CCW one position.

(c) Adjust the TUNING until a nearly continuous tone
is heard. The selectivity may be reduced if it does not affect the
continuous tone.

(d) The FM output, J6, will be a low level keyed DC
FSK signal.

(e} Adjust the BFO to obtain two audio output freg-
uencies in the desired part of the audio spectrum. The audio output is
available at J8.

13. FC {FREQUENCY CONTROL)} OPERATION.

a. Preliminary Settings.

None.
b. Procedure.

(1) The equipment to control the frequency of the Receiver
should have a residual output of +15V DC. This should be fed into the
FC receptacle J5.

(2) With no controlling voltage out of the control unit,
adjust the B.A. potentiometer (R203} on the front panel so there is
no frequency change of the Receiver when the control unit is connected.
(This can be determined by listening to the calibrate signal of 250 KC
on LSB or USB).

11
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CHAPTER IV
THECRY OF OPERATION

14. GENERAL. The Receiver is broken down into six sections:
1) Input Circuit. 2) IF Amplifier, 3) Demodulators. 4) Audio
Amplifier. 5} Oscillator-mixer. 6) Power Supply. These sections
are further broken dotm into functional circuits (see Block Diagram,
Figure 1). The descriptions in this chapter follow the block diagram
of Figure 1 and the schematic of Figure 2.

15. INPUT CIRCUIT. The input circuit is the broad band portion
of the Receiver and operates over the frequency range 3 KC to 810 KC.
This section consists of the input jack, lowpass filter, attenuator
and video amplifier.

a. Lowpass Filter. The input signal at the input jack J1
is fed to the lowpass filter FL5 through DC blocking capacitor Cl.
The output impedance of the filter is 6K. The cutoff frequency of
the filter is 900 KC. The filter is a 6 pole Tchebycheff design,
with a series L input and shunt C output.

b. Attenuator. The irput signal from the lowpass filter is
fed into the attenuator. The function of the attenuator is to set the
proper level to drive the mixer for minimum distortion and noise. The
input impedance of the attenuator is 6K. The attenuator uses both
voltage dividing and L networks to achieve its broad band attenuation
characteristics and has 100 DB range. The output of the attenuator
arives the Video Amplifier V1. 1In the CAL position the attenuator
disconnects the input signal from V1 and replaces it by a controlled
level 250 KC signal from the calibration oscillator Q2. This signal
is used to maintain a constant IF gain and check the dial accuracy
every 250 KC.

c. Calibrate Oscillator. The Calibrate Oscillator is a 250

KC transistorized Pierce oscillator. The feedback circuit is isolated
from the collector of Q2 by R56. This allows the collector voltage of
Q2 to swing between the supply voltage and ground. The output closely
resembles a square wave. The transistor supply voltage is held con-
stant by zener diode CR5. The 250 KC output of Q2 is fed to the atten-
uator in CAL position. It is used to calibrate the Receiver for level
and to check the Receiver for dial accuracy.

d. Video Anplifier. The video amplifier V1 is direct coup-
led from the attenvator. The video amplifier is a cathode follower
which acts as a broad band constant impedance driver for the mixer.

16. OSCILLATOR-MIXER. This section consists of a Mixer, Phase
Splitter, Local Oscillator, Frequency Control devices and a +75 volt
regulator. The purpose of this section of the Receiver is to convert

12
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an incoming signal to 2.215 MC so it may be amplified and demodulated.
When the Receiver is tuned to a frequency, the following equation
applies. LOCAL OSCILLATOR FREQUENCY = TUNED FREQUENCY +2.215 MC.

a. lMixer. The input signal is heterodyned (mixed) with the
local oscillator injection in mixer diodes CR6. The mixer diodes
operate as a balanced shunt mixer and short the signal to ground during
half the local oscillator cycle. The output of the mixer is direct
coupled to the grid of the mixer amplifier V2.

b. Phase Splitter. The phase splitter V3a drives the mixer
diodes into conduction during half the local oscillator cycle. Con-
duction occurs when the signal on the plate of V3a is negative and the
signal on the cathode of V3a is positive. The local oscillator signal
level at the junction of the mixer diodes is very small because of the
matching of the diodes. The drive to the phase splitter is obtained
from the local oscillator through the capacity divider composed of (C58
and C59.

c. Local Oscillator. The local oscillator V3b is of the
Hartley type in a grounded plate configuration. The frequency of the
oscillator within each band is varied by C65. The BAND SELECTOR Sl
determines the operating band. Capacitors C66 and C67 are temperature
compensated and determine the thermal stability of the oscillator.
The frequency of the local oscillator can be externally controlled
by a DC voltage applied to J6.

d. Fregquency Control. Voltage variable capacitors Vel and
Vc2 are used to control the frequency of the local oscillator for
small local oscillator frequency changes. Vel remains in the circuit
continuously while Vc2 is switched out between band D and C. An
initial bias of +15V DC appears on the diodes and is adjusted to this
value by B.A. R203. This initial bias also appears at the F.C. (Freqg-
uency Control) jack Jé.

e. 75V DC Regulator. A +75V DC regulated voltage is obtained
by dropping resistor R63 and zener diode CR7 from the +160 volt line.
This voltage is used by the local oscillator V3b.

17. 2.215 MC IF AMPLIFIER. This section consists of a mixer am-
plifier, crystal filters, three IF stages and an IF buffer.

a. Mixer Amplifier. The grid of mixer amplifier VZ is direct
coupled from the mixer. V2 supplies approximately 20 DB of gain to the
input signal which has been converted to 2.215 MC. The output of the
mixer amplifier is fed to switch S2b.

b. Crystal Filters. The Receiver contains four IF selec-
tivities which is determined by one of four crystal filters selected
by 52. The center frequency of all the filters is 2.215 MC and the
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bandwidths are 1 KC, 2 KC, 4 KC and 8 KC. The input and output im-
pedance of the filters is 56000. Tuning capacitors C6 through Cl13
tune the filters for maximum flatness. The outputs of the filters
are switched by S2a.

¢. IF Amplifiers. The crystal filter outputs, as switched
by S2a feed the grid of the lst amplifier V4. The lst, 2nd and 3rd

IF amplifiers (V4,V5,V6) are coupled from plate to grid by double
tuned transformers.

The 2nd amplifier gain is controlled by CAL 1 LEV R201 in the cathode
circuit. CAL 1 LEV adjusts the plate current of V5 which varies the
transconductance (GM) of the tube.

The 3rd amplifier V6 output is coupled by the double tuned transformer
T3 to all demcdulators.

d. IF Buffer. The IF buffer V7 is driven from the primary
tap of T3 through the divider consisting of R22 and R23. The IF buffer
is a cathode follower. Its output is capacitive coupled to the IF OUT
Jjack J7.

18. DEMODULATORS. This section describes the three demodulators
incorporated in the Receiver. 1) AM detector. 2) Product detector.
3) FM detector. Using the demodulators of the Receiver the following
signals can be demodulated. AM, MCW, CW, LSB, USB, FM and FSK (see
Chapter 3, Operation).

a. AM-Meter Detector. The AM-Meter Detector diode CRL is
used as a peak envelope detector. The drive is obtained from the
primary tap of T3. The output is fed through Ska to the andio ampli-
fier with the MONITOR in AM position. The detected output is also
fed through a lowpass filter consisting of R24 and C28 to the meter
ML. The meter responds to the average DC level out of the detector
diode. R25 is a meter damping resistor.

b, Product Detector. The product detector V9 is a beam
deflection tube. The total cathode current is determined by the vol-
tages applied to grids 1 and 2. When the voltage difference between
the two deflecting electrodes is zero the cathode current is split
between the plates of V9. If a signal is applied to one of the de-
flection plates (pin 9) the cathode current beam is shifted back and
forth between the two plates at the signal rate. If the cathode
current beam is being modulated simultaneously by an oscillator con-
nected to grid 1, the output of the tube appearing on the plates will
be an almost perfect frequency difference. The AM rejection of this
type detector is 40 DB. The signal input to the product detector is
from the primary of T3 through a divider consisting of R26 and R27.
The carrier injection to the product detector is from the SSB and BF
oscillator V11l. The output is fed to the audio amplifier when MONITOR
is in BFO, LSB or USB.
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(1) SSB and BF Oscillator. The SSB and BF Oscillator
V1l is crystal controlled for LSB and USB operation and LC controlled
for BFO operation. The crystal oscillators are of the Pierce type in
a ground plate configuration. The LC oscillator is a Clapp type in a
grounded plate configuration. The oscillator supplies injection signal
to the product detector V9 for LSB, USB and BFO demodulation.

c. FM Detector. The FM detector consists of a two-section
limiter, an amplifier, a discriminator and a discriminator buffer.
The FM is fed to the audio amplifier with the MONITOR in FM.

(1) Limiter. The Limiter is made up of two sections.
1) A grid limiting neutralized triode amplifier V8a and 2) A diode
clipper CR3 and CR4. The triode is neutralized to obtain maximum
stable gain. The purpose of the limiter neutralized triode amplifier
and diode clipper is to reduce the noise on the FM discriminator output
and hold the FM discriminator output constant for changes in input level,
The secondary of T3 supplies drive to V8a. Capacitors C33, C24 and
C31 plus the interelectrode capacities of the tube form a bridge neu-
tralizing circuit,

C33 3
5-25 O V8a
2 Cpg___ 3
P V :I—..cgk
C24 €31 \L_—_

100 18

]

)

The output of the triode is fed to the diode clipper CR3, CR4. The
clipping level of diode CR3 is approximately .5 volts. The clipping
level of diode CR4 is set by R31 and R32 and is approximately 5V. If
the level is increased beyond the clipping points of the diodes, the
triode with CRZ from grid to cathode will grid limit. This two-stage
limiter will operate from a -15 DB meter reading to 30 DB of overdrive.
The output of the clippers is fed to the amplifier V&b.

(2) Amplifier. The Amplifier to drive the crystal dis-
criminator FL6 is V8b, a pentode. The amplifier receives its drive
from the clipper, through the divider R33 and R34. The output is a
tuned circuit to eliminate harmonics. The output is fed to the crystal
discriminator FL6.

(3) Discriminator. The crystal Discriminator FLé produces
a change in DC output as frequency into it, is changed. A curve showing
an approximate output versus frequency into the crystal discriminator
is shown below. The output of the discriminator drives the buffer.
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VOLTS 6+
(output) f

2.216 2.217 2,

218 2.
.l.. R LT PO

; 219 FREQ MC

FREQ MC 2.211 2,212 2.213 2.21
(input)

i } |

4 -6 VOLTS

(4) Discriminator Buffer. The Discriminator Buffer V12
is a dual triode cathode follower with a transistor as a constant cur-
rent cathode resistor. With O volts into the buffer approximately +8V
DC appears on the cathode. A transistor is used as a cathode resistor
to reduce the shift of cathode voltage with DC load changes. The out-
put of the buffer discriminator is fed to the FM OUT jack J5 and the
MONITOR switch S4.

19. AUDIO AMPLIFIER. The Audio Amplifier consists of a voltage
amplifier, phase splitter and push-pull output stage.

a. Yoltage Amplifier and Phase Splitter. The Voltage Ampli-
fier %V13 is & triode amplifier. The drive is obtained from MONITOR
LEVEL potentiometer R204 through the MONITOR switch Sia. The output
of the voltage amplifier drives the phase splitter. The Phase Split-
ter 3V13 is a triode. The AC plate and cathode loads R78 and R76 are
the same value. There is an AC bypassed resistor R79 in the cathode
which is the DC bias resistor only. The grid return is to bottom of R79.

b. Audio Output. The Audio Output is a push-pull class AB
amplifier consisting of V14 and V15. The output of V14 and V15 is
transformer coupled to the speaker, the HEADSET jack J9 and the AUDIO
OUT jack J8.

20. POWER SUPPLY. The power supply section of the Receiver
consists of a RF power line filter, transformer, rectifier, filter,
regulator, reference and amplifier. The regulator, reference and
amplifier form an active regulator loop.
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a. RF Power Line Filter, Transformer, Rectifier and Filter.
The nominal 115V input is fed through the ower Line Filter to t
transformer. It is fused in the primary by Fl. There are two secon-
daries on T3, a 6.3V and a 300V. The 6.3 volt winding supplies fila-
ment power to all tubes. The 300 volt winding is rectified by CRS,
an encapsulated silicon bridge rectifier. The rectified output is then
filtered and fed to the regulator tube V18.

b. Regulator, Reference and Amplifier. The amplifier V16
controls the regulator tube V18 output by comparing V18 output to the
reference tube V17 output. V18 output is applied to the voltage div-
ider R98, R205 and R97. The divider output on the arm of the poten-
tiometer R205 is applied to the grid of V16. V17 output of +75 volts
is applied to the cathode of V16. The difference of the voltage on V16
grid_and cathode is amplified by V16 and applied to the grid of V18 to
control its cathode output. Potentiometer R205 is adjusted for +160
volts output of V18 cathode circuit.

The +75V from V17 is also used to supply bias to the frequency control
diodes Vcl and Ve2.
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CHAPTER V
MATNTENANCE

2l. INTRODUCTION. This equipment should give comparatively
trouble free performance provided normal operating procedures are
observed. In the event of loss of output Ifrom the Receiver, the
trouble will generally be loss of input, incorrect tuning or exces-
sive noise. Before internal trouble shooting is begun, check to
insure that all external connections to the Receiver are made and that
an input signal is present. In most instances, if trouble does exist,
it will be a bad vacuum tube.

22. TROUBLE SHOOTING. Before attempting to trouble shoot the
Receiver, Chapter IV "Theory of Operation' should be studied. The
following steps should be performed for trouble shooting the Receiver.

a. Check for low quality or non-existent input signal.
b. Check input and output connections.
¢. Measure filament voltage and regulated +160V DC supply.

Observe all tubes and touch all nuvistors to insure filaments are
operating.

d. Localize malfunctioning circuits by following "Test Pro-
cedure"” Paragraph 23.

e. Check and replace tubes in malfunctioning circuits as re-
guired. If this fails to remedy the malfunction, voltage and resis-
tance measurements should be performed. (See Paragraph 25 for voltage
and resistance charts).

f. If a tube or component is replaced in a circuit that is
covered in the "Alignment Procedure" Paragraph 24, check to insure the
circuit is properly aligned.

23. TEST PROCEDURE. Perform the following tests in Sequence.
If a Receiver does not respond properly to the test for a particular
group of circuits, a circuit of the group is at fault.

Circuit Being Tested Tests
a. Power Supply i Regulated 160V DC voltage 158 to
{160. AC ripple less than 10 mv.
: Filaments 6.0 to 6.5 with 115V
i input line.
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b. Input circuit, osc- mixer IF ! Set input SELECTIVITY to 4 KC
Amplifier, AM-Meter Detector . and MONITCR to AM. Put a 250 KC
and Audio Amplifier. i signal at .78 volts RMS into IN

¢ jack J1l and tune Receiver to input
i signal with ATTENUATOR at O DB.

! METER should read zero DB by ad-

{ justing CAL 1 LEV. Noise should be
. heard with 50% MONITOR LEVEL set-

: ting. If audio noise is present

: andfm?ter does not read, proceed

P to 1.

¢. Calibrate oscillator. : Place meter switch in CAL position
: and tune Receiver to 250 KC. Meter
: should read approximately O DB.

d. Product detector, FM discrim- | With Receiver tuned to calibrate

inator and audio amplifier. : signal switch MONITOR to LSB, USB

. and BFO. A tone should be heard
. on speaker. With MONITOR LEVEL
: turned fully clockwise and the
! speaker COFF, the tone level at
© AUDIO OUT jack J8, terminated in
. 600 ohms, should be between 15V AC
: and 30V AC. Measure DC level at
i FM output jack and adjust TUNING
: of Receiver. DC voltage should
: vary with TUNING around approxi-
‘ mately +8V.

e. Crystal filters. : Tune to calibrate signal with 1 KC

: SELECTIVITY. The level of the meter
i reading in 2 KC and 4 KC should re-~
! main approximately the same. In the
: 8 KC position the reading should

i decrease 2 to 4 DB.

f. 1IF Amplifier and AM-Meter i Place a 47R resistor from the out-
detector. : put terminal to ground on the crys-
! tal filter assembly. Note: Output
; terminal is located above SELECTIV-
: ITY switch shaft. Connect the sig-
i nal generator across the A47R resis-
: tor. Adjust signal generator freq-
‘ uency to 2.215 MC and adjust gener-
i ator level for a O DB meter read-
: ing, The output of the signal gen-
! erator should be between 150 UV and
: 300 UV.

g. Input circuit and osc-mixer. i If the above tests are all satisfac-
i tory, it indicates that the malfunc-
i tion is in the Input circuit or osc-
i miXer.
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24. ALIGNMENT PROCEDURE. The Receiver has been aligned at the
factory and should not be realigned as a routine maintenance procedure.

a. IF Amplifier Adjustment. Alignment of the IF transformers
should not be attempted without using a sweep ''set up."

(1) Test Set Up.

J1 (IN)
SWEEP }
GENERATOR DISPLAY RECEIVER
[
Sig Qut o—-— H v .
H o 0 1

(2} Preliminary Adjustments. Disconnect the
lead with violet insulation which is normally connected to the meter
terminal and connect to the vertical deflection of the display unit
(see test set up).

Connect the test set up as shown above.

Remove the crystal filter wiring cover.

Place a 27 to 478 resistor on the output terminal of the
crystal filter wiring box to ground.

Connect a shorting wire from the input to the output ter-
minals of the 8 KC crystal filter FL.

Set controls listed in the following table to the desig-
nated position.

METER switch - IF

ATTENUATOR -~ compatible with the output of the sweep generator
MONITOR LEVEL - 50% rotation

MONITOR - AM

SELECTIVITY - & KC

For optimum tuning results set sweep generator center freq-
uency to 120 KC.

Sweep width of sweep generator approximately 40 KC.

(3) Procedure. Set BAND SELECTOR and adjust TUNING until
the response appears on the display unit.

Adjust T1 (top and bottom), T2 (top and bottom}, and T3
bottom until the response is flat between and the markers and the skirts
are symetrical. (The markers are caused by the 8 KC crystal filter).
Caution: The ATTENUATOR must be set so the IF amplifier is not over-
loaded.

Return Receiver to original condition or proceed with the
crystal filter adjustment.

b. Crystal Filter Adjustment. Check IF Amplifier tuning be-
fore adjusting crystal filters. '
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(1) Test Set Up. (same as IF amplifier adjustment).

(2) Preliminary adjustments. Remove the lead
with vioclet insulation from the meter terminal and connect to the
vertical deflection of the display unit.

Remove the crystal filter wiring cover.

Connect the test set up as shown in IF Amplifier Adjustment.

Set controls listed in the following table to the designa=-
ted position,

METER switch - IF

ATTENUATOR - compatible with the output of the sweep generator
MONITOR LEVEL - 50% rotation

MONITOR -~ AM

(3) Procedure. Adjust BAND SELECTCR and TUNING until the
response appears on the display unit.

Set SELECTIVITY switch to 1 KC and adjust sweep width of
sweep generator until response occupies approximately one fourth of
display horizontally.

Adjust C6 and C1l0 for a flat passband response.

Set SELECTIVITY to 2 KC and adjust sweep width of sweep
generator until response occupies approximately one fourth of the dis-
play horizontally.

Adjust C7 and Cll for a flat passband response.

Set SELECTIVITY to 4 KC and adjust sweep width of sweep
generator until response occupies approximately one fourth of the dis-
play horizontally.

Adjust C8 and Cl2 for a flat passband response.

Set SELECTIVITY to 8 KC and adjust sweep width of sweep
generator until response occupies approximately one fourth of the dis-
play horizontally.

Adjust C9 and Cl3 for a flat passband response.

Return Receiver to original condition.

c. Local Oscillator Adjustment. Caution: Entire local
oscillator adjustment procedure must be performed in sequence.

(1) Test Set Up. Lo
—J

SIGNAL COUNTER RECEIVER
GENERATOR
Cutput @ Input o
A\ J N\a —_— 1

(2) Preliminary Adjustments. Set controls listed in
table on following page to indicated position.
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SELECTIVITY KC - 1

MONITCOR LEVEL
MONITOR - BFO
BAND SELECTOR

- 50% rotation

- E

ATTENUATOR - compatible with signal generator output

(3) Procedure,

(a)

counter reading.

Set signal generator to exactly 800 XC.

Tune Receiver to signal.

Move counter to IF OUT, J7.

Apply exactly +15V DC to FC, J6é and record the

Remove +15V DC and adjust B.A., R203, until the

counter reading is recorded above.

(b)

(c)

(d)

Adjust C78 until counter reads 2.215000 MC.
Adjust BFO for a zero beat in the audio output.
Move counter back to signal generator.

Set signal generator to exactly 600 KC.

Set Receiver TUNING to exactly 600 KC.

Adjust L7 for a zero beat in the audio output.
Set signal generator to exactly 800 KC.

Set Receiver TUNING to exactly 800 KC.

Adjust C78 for a zero beat in the audio output.
Repeat steps {b) and (c¢) until a tone under 100

cps is heard at the audio output at both 600 KC and 800 KC without
further adjustment of C78 and L7.

(e)

(f)

(g)

(h)

Switch BAND SELECTOR to band D.

Set signal generator to exactly 500 KC.

Set Receiver TUNING to exactly 500 KC.

Adjust C76 for a zero beat in the audio output.
Switch BAND SELECTOR to band C.

Set signal generator to exactly 340 KC.

Set Receiver TUNING to exactly 340 XC.

Adjust C73 for a zero beat in the audio output.
Switch BAND SELECTCOR to band B.

Set signal generator to exactly 200 KC.

Set Receiver TUNING to exactly 200 KC.

Adjust C71 for a zero beat in the audio output.
Switch BAND SELECTOR to band A.

Set signal generator to exactly 80 KC.

Set Receiver TUNING to exactly 80 KC.

Adjust C69 for a zero beat in the audio output.
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d. Limiter-Frequency Discriminator (Neutralizing and Tuning).

(1) Test Set Up.

COUNTER
SIGNAL
GENERATOR
Input 0
Output o
J1 (IN) f b
AC-VTIVM RECEIVER ZzJ'7 (IF OUT)
6.8K VTVM +_|
f |
——l 1,

2708

(2) Preliminary Adjustments. Set controls listed in the
following table to the designated positions.

METER switch - IF
ATTENUATCR - compatible with signal generator output
SELECTIVITY KC - 8 '

Remove brown wire from discriminator assembly {fil-
aments). Do not allow this wire to short to ground.

Make probe for AC-VTVM as shown in test set up using
carbon resistors of the approximate value shown.

Connect DC probe of VIVM to terminal with coax marked
5 on demodulator assembly and connect common lead of VTVM to Receiver
chassis.

(3) Procedure.

(a) Connect test set up as shown and perform pre-
liminary adjustments.

(b} Adjust BAND SELECTOR and TUNING to signal gen-
erator frequency. Set TUNING for maximum meter indication and adjust
signal generator level for a O DB meter indication.

{c¢) Neutralization: Adjust TUNING for a 2.215000 MC
indication on the counter.

Connect loose end of 6.8K resistor on AC~VTVM
cable to J3 of demodulateor assembly.

Adjust C33 for minimum AC-VTVM reading.

Adjust T3 (top) for maximum AC-VTVM reading.

Adjust C33 for minimum AC-VTVM reading.

Remove 6.8K resistor.

Turn unit "off" and reconnect brown filament wire.
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(d) Tuning: Adjust Receiver until counter reads
2.219000 MC and record VIVM reading.
Adjust Receiver until counter reads 2.211000 MC
and record VITVM reading.

The 2.219 MC DC voltage and the 2.211 MC DC voltage should be approxi-

mately equal in magnitude and ovposite in polarity (within .3 V DC).

If the voltage readings are not equal and opposite in polarity, adjust

L4 on the demodulator assembly, until the DC voltage on coax 5 is equal
and opposite at 2.219 MC and 2.211 MC.

e. BFO Beat Frequency Oscillator.

(1) Connect the signal generator output to J1.
Connect the counter input to J7.
Place MONITCR switch in BFO.

(2) Adjust the BAND SELECTOR, TUNING and signal genera-
tor level so the Receiver meter indication is O DB and the counter read-
ing is 2.215000 MC.

(3) Set BFO control to O on front panel of Receiver and
adjust L1l for a zero beat in audio output.

f. Calibrate Oscillator.

(1) Test Set Up.

/91 (IN)
SIGNAL AC-VTVM RECEIVER
GENERATOR
Qutput o Input o
\‘\: I —

(2) Preliminary Adjustment. Set signal generator to
250 KC and an output level of .776 volts as indicated on the AC-VTVM.
Set controls in the following table to the designated positions.

METER switch - IF

SELECTIVITY XKC - 1

BAND SELECTOR -~ B or C
ATTENUATCR -~ O DB

MONITCOR LEVEL - 50% rotation
MONITOR -~ AM

TUNING - exactly on CAL (250 KC)

(3) Procedure. Tune signal generator for maximum Rec-
eiver meter indication.
Adjust CAL 1 LEV for exact O DB meter indication.
Set ATTENUATOR to CAL position, METER switch to CAL,
and adjust Receiver TUNING for a maximum meter indication.
Adjust CAL 2 LEV for exact O DB meter indication.
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LAST USED-
cl2i, L22, R99

NOTES

l. ALL CAPACITANCE IN UUF UNLESS SPECIFIED,
AL{ RESISTANCE IN OHMS.

NOT USED-

Pl, P3, VIO, L9

¢ss. C¢79, C8O, Clo4, Ci06, CB3 2,ALL CONTROL AND CONNECTOR DESIGNATIONS
¥ ¥ ¥ 1) L

UNDERLINEDC ON THIS DWG. APPEAR ON THE

UNIT.
ISSUE 1, 12-31-64
SER. NO. 201 -400 '
3. NOMINAL VALUE OF R33 & R34 LISTED. VALUE
g PICKED TO GIVE PROPER DISCRIMINATOR (FL§)
1SSUE2, 1-6-66 B RESPONSE.

C66 WAS 270, CR6 MAY BE 2, IN3605'S
CRE-11 WAS CR8, FWB3D08AS. RE9 WAS IM.
SER 40! - 500

ISSUE 3, IC - 19-67 8
CRE WAS [N43086
SER 501- 625

ISSUE 4, 8-8-68
CR8 WAS CR8-II
SER 626—
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